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Foreword

Foreword

Rapid population growth coupled with industrialization
and improved standard of life style increased,
tremendously, the demand for food. Several OIC member
states are water stressed. Availability and just distribution
of water is critical particularly because the entire food
production system is so dependent on it.

The ready availability of Satellite Remote Sensing (SRS)
data and advancements in their application have now
made possible the use of such data effectively for crop
monitoring at its various stages of development and yield
estimation. The data is also helpful in the planning as well
as execution stages of food distribution and in influencing
governments' ability to make informed decisions regarding
export and import of food commodities. Experts in many
OIC member states have been working in this field to
meet the peculiar needs of their country.
In order to share experiences and knowledge, Inter-Islamic
Network on Space Sciences & Technology (ISNET) and
Centre de Suivi Ecologique (CSE) of Senegal together with
OIC Ministerial Standing Committee on Scientific &
Technological Cooperation (COMSTECH) and Islamic
Development Bank (IDB) organised a Workshop on
Applications of Space Technology for Food Security from
9-14 July, 2012 in Dakar, Senegal. The event was aimed
at benefiting relevant scientists, engineers and researchers
from OIC member states through knowledge-sharing and
exchange of practical knowledge in the realm of space
technology applications for food security. The Workshop
was held to identify the best practices of food security
and to determine how these can collectively benefit and
strengthen space-based system of crop monitoring and
yield estimation in the region.
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I am pleased to report that the Workshop was received
very well. Some 75 participants from 13 countries came
to present, share and hear different views; discuss and
witness new developments and trends; and share unique
experiences on the use of space technology in food
production, access and distribution which are pivotal to
development of national and regional economies. The
Workshop was divided into four themes, namely:
Agriculture land use; Crop identification and monitoring;
Production area and yield estimation and; Soil and land-
agro meteorological data. Four country reports and
nineteen scientific papers were presented at the event.

The most notable outcome of the Workshop was the
recommendation to urge governments in ISNET member
states to formulate optimal policies ensuring food security
taking into account the three pillars of food system viz
food availability, access and utilization. Besides, it was
also recommended to develop geoinformation-based
tools for food security monitoring that will provide useful
capabilities in the field of agricultural mapping, monitoring
and production estimation. I am thankful to Mr Zafar M
Khan for editing the Proceedings of the Workshop.

Arshad H Siraj
Executive Director
Inter-Islamic Network on Space Sciences & Technology
(ISNET)
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Inaugural Session

Welcome Address
Address by President ISNET Mr Ahmed Bilal

Bismillah ir Rahman ir Raheem

Honourable Chief Guest, Minister of Ecology and
Protection of Nature of the Republic of Senegal Mr Haider
El Ali

Director General, Center de Suivi Ecologique, Dr Assize
TOURE

Excellencies, Distinguished delegates, Eminent
participants, and Ladies and gentlemen

Assalaam u alaikum

It is a matter of great honour and privilege for me to
address this eminent gathering today. I would like to take
this opportunity to first thank Honourable chief guest,
Minister of Ecology and Protection of Nature of the
Republic of Senegal, Mr Haider El Ali who spared his
precious time to grace this ceremony with his presence.
My sincere thanks are due to Deputy of Mauritanian
Parliament His Excellency Cheikh Ahmed Ould Khalifa and
his Advisor on Natural Resource Management Mr A M
Hamoud Ould Sid’ Ahmed for gracing this inaugural
ceremony with their presence. I am also thankful to
Director General CSE Dr Assize TOURE and his excellent
team for their hard work in arranging and organising this
event.

Ladies and gentlemen and distinguished delegates

As we travel to the heavens, explore the unknown and
expand our horizons, we push the limits of technology
and in doing so push the limits of human understanding.
Space science and technology continue to inspire human
minds through ingenious inventions, and creative
innovations. Space technology is unequivocally woven
into the very fabric of modern way of life.

Unfortunately, we in the Islamic World, have not achieved
much thus far, in fact, very little has been availed of this
tremendous common good called space. There is however
an increased realisation in the Ummah of the usefulness
of space in solving earth-related problems. It is a fact that
peaceful uses of space are countless and all-encompassing.
It also has more applications that help avert crisis and
limit loss of lives and property than those employed in
post-disaster relief operations.

Ladies and gentlemen and distinguished delegates

In the context of this workshop which is centered on
applications of space technology for food security, a
blanket approach would do. Here are some factors which
logically need consideration.

Food security is a complex topic, standing at the
intersection of many disciplines. It may be noted that
various direct and indirect factors, such as, population
growth, fossil fuel dependence, hybridization, genetic
engineering and loss of biodiversity, genetic erosion in
agricultural and livestock biodiversity, price setting and
treating of the food as other internationally traded
commodities etc are at play. Moreover, increasing demand
from consumers in rapidly growing economies as well as
population growth is placing additional burden on the

global food system, especially putting small, import-
dependent countries at risk. Furthermore, owing to global
warming and climate change, more frequent extreme
weather events are likely to take place in coming years,
thereby further exacerbating the problem. And
while regional stability is at risk in the Gulf and North
African regions in the wake of civil wars, uprisings and
protests, victims of such confrontations may lose
everything but the very food supply chain that helps feed
them. There seems to have developed a vicious cycle of
food insecurity with more and more people taking to the
streets. Since food insecurity could become a grave
concern to global peace, security and stability, action is
required to address the root cause of the problem.

As we all are aware, agriculture is dependent on the
availability of freshwater. Freshwater, which is scarce yet
so vital, is becoming scarcer by the day. With improvement
in standard of living across much of the Muslim world,
the need for this finite resource is unremittingly swelling,
thereby resulting in varying degrees of draughts that have
spread across almost half of the African continent.
Moreover, there are increasing tensions between upper
and lower riparian countries with trans-boundary water
resources, which could escalate to armed conflicts or even
wars. If concerted steps are not taken, I am afraid to admit
that such situation may not be too far away. The Mother
Nature too may not afford us the tolerance it has shown
in the past.

Whereas all available means and ways are being employed
by OIC countries facing acute food insecurity to contain
the problem, the use of space technology is not
widespread yet. Space technology is best-known for its
synoptic and wider geographical coverage and system
efficiency. In the context of food security, satellite-based
remote sensing and navigation capabilities could provide
valuable services. Millions of people could be helped
through satellite-data-based decisions that impact food
and water management. The data obtained from space-
based assets could help greatly in precision farming, crop
area, yield estimation, crop disease monitoring and control,
and a host of other information that government as well
as individual farmers could use efficiently, and relatively
cheaply, to improve food security.

Many countries have embraced the use of space
technology for better food security and with varying
degrees of success. However, every country, depending
upon its peculiar geographical characteristics and soil
attributes has a different set of challenges, and hence
requires a unique solution. Some of these solutions and
best practices could be adopted by other countries.

Ladies and gentlemen and distinguished delegates

It is in this context that his seminar and workshop has
significance. The seminar will provide a platform for
sharing of experiences and exchange of technical expertise.
Before I end my address, I wish to briefly introduce Inter
Islamic Network on Space Sciences & Technology ISNET
is an Inter-governmental, non-profit organisation working
under the umbrella of OIC Ministerial Standing Committee
on Scientific & Technological Cooperation COMSTECH.
ISNET endeavours to bridge capacity gaps in space science
and technology among member countries of the OIC.
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Every year, ISNET organises a seminar, workshop or
meeting in one of its member countries with the co-
sponsorship of IDB. Besides, ISNET organises training
courses on space science, space technology and their
applications in member countries. ISNET bears the
expenditure on tuition/registration fee, air travel,
accommodation and meals of participants not only in the
training courses but also in seminars and workshops.

This workshop is another proof of our commitment which
was entered into twenty-five years ago. And since it is the
first time that Senegal is hosting an ISNET sponsored
event, I would like to congratulate Center de Suivi
Ecologique (CSE) for coming forward with the offer and
successfully organising the event which has attracted
participants from 15 countries.

In our bid to connect OIC member countries and to let
them know about one another’s competencies and
experiences, we have organised a country report session
after this inauguration ceremony. I would encourage
delegates to attend this session.

I have high hopes that concrete outcomes shall be achieved
through this workshop, which when applied will benefit
us collectively as well as individually.

Ladies and gentlemen and distinguished delegates

It would be remiss of me not to mention the immense
contribution of Islamic Development Bank, which provides
significant proportion of funding for all ISNET annual
workshops and seminars. IDB has most generously
provided funding support for this workshop too for which
we are most grateful. My thanks are also due to OIC
Standing Committee on Scientific and Technological
Cooperation (COMSTECH) which fully supports all activities
of ISNET. I once again thank Centre de Suivi Ecologique
(CSE) for the excellent arrangements that they have made
for the workshop. In the end, I wish to thank His Excellency
Minister of Ecology and Protection of Nature of the
Republic of Senegal Mr Haider El Ali once again and all of
you for your presence at the inauguration ceremony.

Inaugural Session
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His Excellency, the Ambassador of Pakistan in Senegal

His Excellency, the Ambassador of the Kingdom of Morocco
in Senegal

Mr. Ahmed Bilal, President of Inter Islamic Network on
Space Sciences and Technology (ISNET),

Rector of the University Cheikh Anta Diop,

The Director General of Centre de Suivi Ecologique (CSE),

Distinguished representatives of friendly countries in the
Organization of Islamic Cooperation

Distinguished guests

It gives me great pleasure to be here this morning to
preside over the opening ceremony of the seminar on
"Applications of Space Technology for Food Security.

The organization of this seminar by the Inter Islamic
Network on Space Sciences and Technology (ISNET) in
sub-Saharan Africa shows the determination of the
Network’s executives to further develop cooperation
between Member States, as evidenced by the strong
participation of delegates here from 12 countries.

Ladies and Gentlemen

As you know, Africa is plagued with food insecurity
problems due to:

• the unavailability of good quality food healthy nutrition;
• inaccessibility by people, including the most vulnerable;
and,
• the instability of supply systems with respect to space
and time

Each of these dimensions of food security must be seen
not only at the population level but also at national and
regional level.

Inaugural Session

Mr Ismailia DIOP Deputy Minister of Environment and Protection of Nature, Senegal

In all these dimensions, space technologies have proven
very useful as supporting elements in decision making.
Satellite data continue to improve knowledge about our
environment and allow us to forecast weather conditions,
in estimating crop yields, regular monitoring throughout
the campaign phase for crop development.

In doing so, we give ourselves the means to anticipate
crises and thus secure the livelihoods of vulnerable
populations.

Ladies and Gentlemen,

It is now four years as Senegal, through the Centre de
Suivi Ecologique (CSE), is a member of the Inter Islamic
Network on Space Sciences and Technology (ISNET), and
since then, we actively participate in the Network’s
activities. This is an opportunity for me to congratulate
the CSE which proposed to receive this event and put in
a lot of energy to organize it in the best conditions. My
thanks also go to the leaders of ISNET for the trust placed
in this institution, but also to the Islamic Development
Bank, whose financial support has been crucial in this
workshop.

This workshop will give you the opportunity to share your
experiences through your various communications. I am
confident that at the end of this two-day seminar, you
end up with strong recommendations, followed by
cooperative measures to enhance the sharing of
experiences in the applications of space technology
between the member states of the Organization of Islamic
Cooperation.

With that, I wish you a pleasant stay in Senegal and declare
open the workshop on Applications of Space Technology
for Food Security.

Thank you for your attention.

Opening Address
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Honourable Deputy Minister of Ecology and Protection
of Nature

His Excellency, the Ambassador of Pakistan in Senegal

His Excellency, the Ambassador of the Kingdom of Morocco
in Senegal

Mr. Ahmed Bilal, President of Inter Islamic Network on
Space Sciences and Technology (ISNET)

Rector of the University Cheikh Anta Diop

Distinguished representatives of friendly countries in the
Organization of Islamic Cooperation

Distinguished guests

Faced with continuing deterioration of land resources and
the adverse effects of climate change, food security has
become one of the major challenges our countries face.
Addressing this type of challenge requires, above all, good
information at all levels of decision making. The capability
of space technology and its applications is from this point
of view a major asset.

Therefore, with the will of the authorities, the Centre de
Suivi Ecologique (CSE) attempted to develop expertise in
the use of remote access to data needed to produce
regular information on the condition of environment and
natural resources.

Inaugural Session

Dr Assize TOURE Director General, Centre de Suivi Ecologique (CSE)

The development of this expertise relied heavily on a
dynamic partnership with research and development
institutions of Senegal, the sub-region of West Africa, but
also of the North. This allowed us to strengthen over the
years our system to gather satellite data. It is in this context
that a facility was established, with support from the
European Space Agency (ESA), equipped with two DDS in
addition to the receiving antenna of NOAA in 1992.

The installation of these receiving stations DDS is part of
a program to improve the quality and relevance of data
and information available to decision makers at national
and local levels. It joins the existing environmental
monitoring system in Senegal and managed by the CSE
for several years.

A dynamic network such as ISNET allowed us to participate
in many workshops that contributed to capacity building
of experts fromCSE.

So it is with great pleasure that we welcome our brothers
and sisters from OIC member states for the purpose of
this two-day scientific meeting followed by a four-day
training workshop.

I cannot conclude without thanking President ISNET and
all its employees for the confidence they have placed in
us and wish them all an excellent stay in Senegal.

 Thank you for your kind attention.

Welcome Address
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Programme

ISNET / CSE Workshop on
Applications of Space Technology for Food Security

9 -14 July 2012; Dakar, Senegal

Day 1

Registration of Participants09.00 - 09.00

Guests to be seated09.00

Arrival of the Chief Guest
Deputy Minister of Ecology and Protection of Nature
His Excellency Mr M Ismailia DIOP

09.15

Recitation from Holy Quran09.15 - 09.20

Welcome Address
Dr Assize TOURE
Director General Centre de Suivi Ecologique (CSE)

09.20 - 09.30

Address
Mr Ahmad Bilal
President, Inter Islamic Network on Space Sciences & Technology (ISNET)

09.30 - 09.45

Inaugural Address by the Chief Guest
His Excellency Mr M Ismailia DIOP
Deputy Minister of Ecology and Protection of Nature of the Republic of Senegal

09.50 - 10.00

Presentation of Souvenir to Chief Guest10.00

Refreshment & Press Brief10.05 - 10.45

Departure of Chief Guest10.45

Session I: Keynote Address, Country Reports10.45 - 12.00

Chair: Dr Mobushir Riaz Khan
Co-Chair: Mr Hazil Sardi Bin Soliano
Rapporteur: Mr Muhammad Jawad

Keynote Address
Mr Arshad Hussain Siraj Executive Director, Inter-Islamic Network on Space Sciences &
Technology (ISNET)

10.45 - 11.00

Country Report
Application of Space Technology for Food Security in Sudan
Dr Amna Ahmed Hamid Director, Remote Sensing Authority (RSA), Sudan

11.00 - 11.15

Country Report
Use of Space Technology towards Food Security of Bangladesh
Ms Suraiya Begum Principal Scientific Officer,
Space Research & Remote Sensing Organization (SPARRSO), Bangladesh

11.15 - 11.30

MONDAY, 09 july 2012

Country Report
Pakistan: A Satellite based Food Security Alert System
Dr Muhammad Hanif
Space & Upper Atmosphere Research Commission (SUPARCO), Pakistan

11.30 - 11.45
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Country Report
Application of Remote Sensing for Agricultural Statistics: Tunisian Experience
Ms Talhaoui Wafa
Centre National de la Cartographie et de la Télédétection, Tunisia

11.45 - 12.00

Lunch & Prayer12.00 - 13.00

Session II: Paper Presentation, Agriculture Landuse13.00 - 14.20

Chair: Dr Parviz Tarikhi
Co-Chair: Dr Terekhov Alexey
Rapporteur: Mr Abdelrahim Mohamed Salih

Scientific Paper
Land Suitability Assessment for Rice Crop in Sheikhupura and Nankana Sahib
Districts using GIS Techniques
Mr Shahid Parvez
University of the Punjab, Pakistan

13.00 - 13.15

Q&A + Transition to Next Session13.15 - 13.20

Scientific Paper
Land Degradation and its Impact on Agricultural Production in the Southern
Region using RS & GIS
Mr Raheem Bani Falih
Remote Sensing Center, Space Technology and Communication Directorate,
Ministry of Science and Technology, Iraq

13.20 - 13.35

Q&A + Transition to Next Session13.35 - 13.40

Scientific Paper
Assessment of Land Degradation using Optical Remote Sensing and GIS in Saloum Estuary
Mr Ndeye Maguette Dieng
University Chiekh Anta Diop Senegal

13.40 - 13.55

13.55 - 14.00

14.00 - 14.15

Q&A + Transition to Next Presentation14.15 - 14.20

Q&A + Transition to Next Session

Scientific Paper
Satellite Technologies in Favor of Food Security – Case Study: Sinja and Sinnar
Localities, Sudan
Dr Yahya Hasan Al-Tayeb
Remote Sensing Authority (RSA), Sudan

Coffee /Tea14.20 - 14.50

Session III: Paper Presentation, Crop Identification & Monitoring14.50 - 17.10

Chair: Dr Gualbert DOERGO
Co-Chair: Ms Talhaoui Wafa
Rapporteur: Mr Ibrar ul Hassan Akhtar

Scientific Paper
Monitoring Food Security using Hyper-temporal Remote Sensing and Crop Growth
Modelling
Dr Mobushir Riaz Khan
COMSATS Institute of Information Technology, Pakistan

14.50 - 15.05

Q&A + Transition to Next Session15.05 - 15.10

Scientific Paper
Temporal Monitoring of Aus Rice Using MODIS 16 days Composite NDVI: A Study
over Barisal Region of Bangladesh
Mr Mozammel Haque Sarker
Bangladesh Space Research and Remote Sensing Organization (SPARRSO), Bangladesh

15.10 - 15.25
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Q&A + Transition to Next Session15.25 - 15.30

Scientific Paper
Developing a Referral System for Monitoring of Crops for Food Security using
Satellite Technology
Mr Muhammad Jawad
Space & Upper Atmosphere Research Commission (SUPARCO), Pakistan

15.30 - 15.45

15.45 - 15.50

15.50 - 16.05

Q&A + Transition to Next Presentation16.05 - 16.10

Q&A + Transition to Next Session

Scientific Paper
Remote Sensing and Identification of Agro Pastoral Areas at Risk in Senegal:
A Contribution to Food Security
Mr Mouhammadou Bamba DIOP
Centre de Suivi Ecologique
Senegal

16.10 - 16.25 Scientific Paper
Spatio-Temporal Analysis of Wheat under Climate Change by Combined Use
of Crop Modeling and Remote Sensing Techniques
Mr Muhammad Ijaz
Global Change Impact Studies Centre (GCISC), Pakistan

Q&A + Transition to Next Presentation16.25 - 16.30

16.30 - 16.45 Scientific Paper
Fishing Site Identification System using Remote Sensing and GIS
Mr Hazil Sardi Bin Soliano
Malaysian Remote Sensing Agency, Malaysia

Q&A16.45 - 16.50

End of Day 1

Day 2

TUESDAY, 10 july 2012

Session IV: Paper Presentation, Production Area & Yield Estimation/
Soil and Land Agro-meteorological Data

09.00 - 10.20

Chair: Dr Yahya Hasan Al-Tayeb
Co-Chair: Mr Mozammel Haque Sarker
Rapporteur: Mr Muhammad Ijaz

Scientific Paper
Remote Sensing Based Forecast of Cereals Productivity in Northern Kazakhstan
Dr Terekhov  Alexey
Kazakh Ecology and Climate Research Institute of the Ministry of Environment
Protection, Kazakhstan

09.00 - 09.15

Q&A + Transition to Next Session09.15 - 09.20

Scientific Paper
Estimated Crop Areas from Space Imagery in Diourbel and Tambacounda
Departments (Senegal)
Dr Gualbert DOREGO
Institut Senegalais de Recherches Agricoles (ISRA), Senegal

09.20 - 09.35

Q&A + Transition to Next Session09.35 - 09.40



Bind
Area

14

Programme

Scientific Paper
Assessment and Mapping of Soil Salinity and Sodicity, using Soil Techniques,
Remote Sensing and GIS; Case Study: Elthamid Sector, Gezira and Managil
Scheme, Sudan
Dr Abbas El Hag
Remote Sensing Authority (RSA), Sudan

09.40 - 09.55

Q&A + Transition to Next Session09.55 - 10.00

Africa Risk View
The African Risk Capacity, a Pan African Risk Pool for Climate Risk.
Mr Malick DIAGNE
Centre de Suivi Ecologique
Senegal

10.00 - 10.15

Q&A + Transition to Next Session10.15 - 10.20

Coffee /Tea10.20 - 10.50

Session V: Paper Presentation, Damage Assessment10.50 - 12.30

Chair: Dr Muhammad Hanif
Co-Chair: Dr Abbas El Hag
Rapporteur: Mr Shahid Parvez

Scientific Paper
Operational System of Flood Monitoring and Damage Assessment Using Space
Technology the Case Study in Khartoum State, Sudan
Mr Abdelrahim Abdelmutalib Mohamed Salih
Remote Sensing Authority (RSA), Sudana

10.50 - 11.05

Q&A + Transition to Next Presentation11.05 - 11.10

Scientific Paper
Monitoring of the Damages from Space using New Microwave Earth
Observation Techniques
Dr Parviz Tarikhi
Iranian Space Agency, Iran

11.10 - 11.25

Q&A + Transition to Next Presentation11.25 - 11.30

Scientific Paper
Drought Mining of SPO Vegetation Temporal data for prevailing Food Insecurity
in Potohar Region
Mr Ibrar ul Hassan Akhtar
Space & Upper Atmosphere Research Commission (SUPARCO), Pakistan

11.30 - 11.45

Q&A + Transition to Next Presentation11.45 - 11.50

Scientific Paper
Tools for Decision Support and operational Applications in Locust Control in
Sahel Region
Dr Idrissa Maiga
Center Regional AGRHYMET/ CILSS, Niger

11.50 - 12.05

Q&A + Transition to Next Presentation12.05 - 12.10

Scientific Paper
Assessment the Efficiency of MODIS Data Products in Monitoring & Mapping
Wildland Fire in Krdofan
Ms Shahinda Abdelrahman Yahya
Remote Sensing Authority (RSA), Sudan

12.10 - 12.25

Q&A12.25 - 12.30

Lunch12.30 - 13.30
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Feedback/Recommendation

Filling out of Feedback/Recommendation Proforma13.30 - 14.00

Closing

Preparation of Final Recommendations of the Workshop14.00 - 14.30

14.00 - 14.45

13.30 - 14.00

Signatures of Participants on Final Recommendations14.30 - 14.45

Group Photograph14.45 - 15.00

End of Day 2
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Seminar Recommendations

Recommendations

1. The participants of ISNET/CSE Workshop on Applications of Space Technology for Food Security from 9-10 July
2012, Dakar, Senegal (seminar part of the Workshop) recognized the definition of food security provided by World
Food Summit, 1996 as, 'Food security exists when all people, at all  times, have physical, social and
economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an
active and healthy life".

2. The problem of food insecurity is of serious concern in developing countries as compared with developed countries.
In future, the regional demand for food especially cereals is forecasted to grow. Thus, it is high time for the relevant
governments and agencies particularly in the ISNET member states to make optimal policies to ensure food security.
Food security heavily depends on food availability, food access and food utilization and these three pillars of food
security have to be balanced.

3. It has been observed during two days deliberations that cutting edge technologies of Remote Sensing
(RS) and Geographic Information System (GIS) could be very helpful in providing information for the policy-makers
concerned with food security both at local and regional scales. Geo-information based tools for food security
monitoring should be developed to provide useful capabilities in the fields of agricultural mapping, monitoring and
production estimation. The synoptic coverage of the remotely sensed data combined with GIS capabilities is a very
powerful means to detect and assess the impact of climate change and catastrophes such as droughts, floods,
cyclones, locust invasion, and earthquakes on food security.

4. The following steps should be taken in order to ensure a stable system of food availability, food access and food
utilization in ISNET member states:

· Ensuring food security is the collective responsibility of all stakeholders including the public and private sectors,
international organisations, and NG0s.

· Geospatial technologies are very effective at addressing issues of food insecurity, but there is lack of awareness
amongst policy- and decision-makers in developing countries on the usefulness of such technologies. Therefore, there
is a need to create awareness amongst the ISNET member states.

· ISNET member states should invest in research, knowledge-sharing and transfer in the fields of Remote Sensing and
GIS.

· Water shortage is likely to remain major challenge for most of the developing countries. RS and GIS applications
should, inter-alia, focus on water resource management

· Climate change would affect agricultural productivity. Use of Remote Sensing, GIS and agro-climate modelling needs
to be strengthened for climate change impact assessment and adaptation.

· Capability development and capacity building in microwave and Hyper-spectral remote sensing should be adopted.

5. ISNET should provide a platform to scientists, engineers and researchers in its member states to develop integrated
food production mapping, monitoring and assessment system. This must lead to a system such as Monitoring
Agriculture with Remote Sensing in ISNET Member States (MARSIMS)

6. Water resource management and food security are interlinked. It is, therefore, recommended that ISNET should
hold a seminar/workshop which addresses both these issues holistically.

7. ISNET should also consider holding a workshop on Disaster Management.

Recommendations
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Training Workshop Recommendations

1. Whilst recognising the significance of sustainable food security as vital to all OIC member states and stressing for
the need to take necessary measures to deal with food insecurity, the participants appreciated timely organisation
of this training course and regarded as highly useful in order to highlight the role of satellite remote sensing in crop
monitoring and yield estimation.

2. Whereas ground-based surveys have their own peculiar importance. the participants noted that satellite-based
hyper-temporal remote sensing for crop and agro-meteorological analysis and area frame development have great
potential in generation of accurate. reliable and unbiased agricultural data. Remote sensing provides efficient tools
for timely monitoring and mapping of agriculture production systems at national as well as regional scales.

3. In terms of future training courses, the participants suggested the following topics related to applications of satellite
remote sensing: Hydrology; Geomorphology; Mining; Disaster management: Coastal monitoring and management;
Climate change modelling; Air quality and environmental monitoring; Weather monitoring; Disaster management
especially with regards to cyclones: Oil exploration; Desertification and dust storms; and Flood disaster management.

4. It was also emphasized that training courses on modern remote sensing techniques such as Microwave remote
sensing, Synthetic Aperture Radar (SAR), and Hyper-spectral remote sensing should be held at ISNET platform. Keeping
in view the current level of organizational resources of OIC member states as well as non-availability of low-cost
Hyper- spectral remote sensing data, it was noted that efforts should be made to put together a basic- level training
course in near future in an ISNET member state.

Recommendations

Recommendations
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Ladies and gentlemen,

It is a matter of great honour and privilege for me to
deliver this keynote address at the annual workshop of
Inter Islamic Network on Space Sciences & Technology.
This Workshop is significant for two reasons; the first is
that it is being held in the capital of the newest member
of ISNET. The second and the more important reason is
that it seeks to address one of the most basic human
needs – food. Unless nations are able to overcome hunger
and feed their people, progress in any other field is of
little significance.

According to Hunger Map compiled by World Food
Programme, the number of undernourished people
worldwide is just under 1 billion – equivalent to the
population of North America and Europe combined.
Food security is a multi-disciplinary subject which has
links with social and demographic as well as political,
economic and regulatory subjects. The fact that each
country has its unique climate, land attributes, soil profile,
water availability, social and economic conditions, means
that each country has to find unique solutions to meet
the challenges it faces.

Achieving food security and reducing poverty are universal
challenges and the global community is striving hard to
meet targets set under the Millennium Development
Goals (MDGs) by the United Nations to reduce hunger
and poverty to half by 2015.

The food security scenario can be best understood by
food system which is divided into three major sub-systems,
namely: food production, food access, and food utilization.
Inadequacy at any of the three stages, especially at the
stage of food production, may potentially lead to a
humanitarian crisis, calling for coordinated action at
regional and international levels, depending upon the
severity of the crisis.

As you would appreciate, food and agriculture are essential
for socio-economic development and for maintaining
healthy environment. But as population has increased
and food preferences as well as consumption patterns
are changing, the pressure on the global food system has
also intensified. This has resulted in a tremendous surge
in food prices.

According to the global hunger report, produced jointly
by UN Food and Agriculture Organization (FAO), the
International Fund for Agricultural Development (IFAD)
and the World Food Programme (WFP), food price volatility
and high prices are likely to continue and possibly increase,
making poor farmers, consumers and countries in the
region more vulnerable to poverty and food insecurity.

Moreover, the issue of food security is explicitly linked to
water availability. Most Islamic countries in the Middle
East, Africa and even Asia are facing water-related issues.
Almost all countries in the Near East and North Africa
suffer from acute water scarcity. Despite the region’s
diversity of landscapes and climates, most of these
countries are unable to meet current water demand. In
fact, many face full-blown crises. And the situation is
unlikely to get better soon. And as the region’s economies
and population structures change over the next few
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decades, demand for water supply and irrigation services
is expected to increase.

According to a study, by 2050, per capita water availability
will fall by half, with serious consequences for the region’s
already stressed aquifers and natural hydrological systems.
And since irrigated agriculture represents the bulk of the
demand for water in our countries, it is also usually the
first sector affected by water shortage and increased
scarcity for purposes other than irrigation. Therefore, the
increasing stress on freshwater resources brought about
partially by ever-rising demand and profligate use, is of
serious concern.

Many OIC countries, which have a sizeable agricultural
base and large populations have either already become
water-stressed or are heading towards it. Besides,
prosperity brought about by oil wealth has also increased,
over time, demand for water in order to enhance per-
capita food production, thereby straining the available
water resources still further.

There is thus a n urgent need to utilize all available means
and ways for managing present water resources and
exploring new ones. Similarly, modern and efficient
methods of farm management need to be adopted to
meet the unique requirements of each country or region.

Space-based assets can play a very important role in
contributing to food security. Space technology could not
only contain the problem of food insecurity but also
reduce it substantially through timely provision and expert
use of satellite imagery and geographic information
system. By using it, not only are policy- and decision-
makers able to plan and monitor crops but could also take
appropriate food support measures. Measures could also
be developed to provide relief to affected population in
case of natural catastrophes and climatic extremes such
as floods, bush fires, and prolonged droughts resulting in
famine.

There are many ways in which satellites can help reduce
the problem of food insecurity. Much of these will be
discussed by experts during the course of the seminar.
But let me mention three aspects. These are: crop
monitoring, yield estimation, and weather forecast. Crop
monitoring and yield estimation could provide timely
information to policy and decision-makers on the size of
crop thereby enabling them to make adequate
arrangements for storage, distribution, import or export.
Weather forecasting and climate data from satellites can
help farmers make the best decisions about managing
crops as they grow. Moreover, satellite data can alert
farmers of the risk of presence of pests and diseases.

The use of Satellite Remote Sensing (SRS) for food security
projects in OIC countries promises a better future.
Fortunately, many countries in the OIC region, albeit rather
belatedly, have realized the importance of space
technology and its applications and have created
organisational entities, mechanisms, capability and
capacity to usefully employ these to help address some
of the problems their countries face. Laudably, many
scientists and researchers have conducted studies,
undertaken projects or developed novel methods to bridge
the technology gap for their country.
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I would, therefore, propose and recommend that we give
high priority to the issue of food security. I also feel that
over the next few years, we need to adopt pragmatic
strategies to overcome the impact of growing food
insecurity, both at the national and international levels.
With rising number of hungry people, the emergency
food assistance, though absolutely critical, does not
provide a long term solution to the problem. The solution
lies in enabling nations to enhance agricultural production.

This workshop is motivated by a desire to increase and
improve the use of satellite-based technology in OIC
member countries towards achieving food security. The
hands-on training, that will follow the two day presentation
session, will focus on application of Satellite Remote
Sensing (SRS) for crop monitoring and yield estimation.

I am sure that besides the sharing of experience and
expertise, this forum will also provide an opportunity to

identify collaborative projects and foster friendships and
personal contacts.

Before I end, I wish to express my profound gratitude to
Dr Assize TOURE, Director General Centre de Suivi
Ecologique (CSE), for offering to host the workshop and
for making excellent arrangements. I am personally
indebted to Mr Malick DIAGNE for his exceptional
involvement and dedication to making this event a success.

I would also request all participants to kindly note their
observations as they occur and apprise us through the
feedback proforma that we will give you tomorrow, so
that we are able to improve our service and performance.

I thank you for your attention and wish you an enjoyable
and educative seminar and workshop.

Keynote
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Use of Space Technology Towards Food Security of Bangladesh

Abstract:

The basic human right of a citizen of any country is to
have the minimum food, cloth and shelter he or she
needs. Food security is the condition, in which all people
at all times have both physical and economic access to
sufficient food to meet their dietary needs for a productive
and healthy life. It depends upon agricultural production,
food imports and aid, employment opportunities and
earnings, intra-household decision making and resource
allocations, health and nutrition care utilization and caring
practice. Bangladesh is an agricultural country. So, its
development depends predominantly on food security
as well as on agriculture. Rice is the main crop of the
country. The main types of rice are Aus, Aman and Boro.
The crop monitoring, using the space technology and
satellite data, has a great potential to provide the near
real time information on crop growth condition, production
and damage of crops due to natural disasters like cyclone,
flood, drought, etc. Timely and accurate information about
the natural resources like crops as well as environmental
conditions play a significant role for the sustainable
development of the country. Thus, such type of study is
necessary to help the decision-aids of disaster
management and national food security policy. Space
Research and Remote Sensing Organization (SPARRSO)
conducts monitoring of crop and weather in this regard.

In this paper; crop monitoring, using space technology
towards food security of Bangladesh, has been discussed.

Key Words: Food security, Crop monitoring, Space
technology, Agricultural production

1- Introduction:

Space Technology has a spin off benefit in the socio-
economic uplift of the countries. It promotes the quality
of life of the whole society. Bangladesh has its Space
Research Center (SPARRSO), capable of receiving
NOAA/AVHRR series , AQUA /TERRA MODIS and FY2
satellite data, which are used for different research and
application purposes in the field of agriculture,
meteorology, forestry, fishery, oceanography, etc.
Application of satellite technology in the field of agriculture
and food security is a priority sector in Bangladesh Space
Research and Remote Sensing Organization (SPARRSO).

The basic human right of a citizen of any country is to
have the minimum food, cloth and shelter he needs. Food
security means that everyone should get enough food
throughout the year to satisfy their nutritional needs.
National food security means that a country should have

Suraiya Begum

enough food for everybody [3]. It is dependent on
agricultural production, food imports and foreign aid,
employment opportunities and earnings, intra-household
decision making and resource allocations, health and
nutrition care utilization and caring practice [3].
Food security is integrally linked with   production of
crops, mainly the rice and is the most important economic
activity in rural Bangladesh (BBS 2000).

Bangladesh is an agricultural country. So, its development
depends predominantly on agriculture. Rice is the main
crop of the country. It is grown in all the three growing
seasons of the year and covers 77% of the total cropped
area of around 13.9 million hectares. It contributes about
92% of the total food grains produced annually in the
country and offers the basic sense of food security to its
people [6]. The crop monitoring, using the space
technology and satellite data, has a great potential to
provide the near real time information on crop growth
condition, production and damage of crops due to natural
disasters like cyclone, flood, drought and other
environmental events [7]. The information obtained from
such a study, using remote sensing, helps the decision-
aids of disaster management and national food security
policy. Timely and accurate information about the natural
resources like crops as well as environmental conditions
plays a significant role for the sustainable development
of the country. Space Research and Remote Sensing
Organization (SPARRSO) conducts monitoring of crop and
weather in this respect, towards food security, in
Bangladesh; which is necessary for the sustainable
development of the country.

The national and household food security can be improved
in different ways, which may include [3]:
1) Food and nutrition survey (FNS)
- Collecting data (rainfall, crop forecast, stored food etc.)
- Analyzing the data to find out the reason for food
insecurity
- Action to remove/prevent food insecurity
2) Promoting sustainable method of food production
3) Deciding how much food to import and export
4) Improving food distribution and marketing
5) Having sufficient storage of staple food ( the  strategic
food reserve that they can use at time of food shortage)
6) Controlling the price of staple food
7) Encouraging suitable cash crop for small farmers
8) Trying to increase the income of poor people
9) Encouraging  employment opportunities
10) Fixing  min. wages

Crop Monitoring in Bangladesh

Food security depends upon agricultural production,
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mainly on rice, and  plays an important role in economic
activity of Bangladesh. The main types of rice are Aus,
Aman and Boro.  Bangladesh Space Research and Remote
Sensing Organization (SPARRSO) receives NOAA/AVHRR
series, AQUA/TERRA MODIS and FY2  satellite data
regularly in real time. SPARRSO has been conducting
agricultural crop monitoring and rice assessment in
Bangladesh since 1986, using those satellite data and
facilities .

Objective

The objective of monitoring the condition and production
of crops of rice is to help the decision  makers towards
national planning and food security management of the
country for sustainable development.

Facilities

- Ground station capable of receiving satellite data of
NOAA series and AQUA/TERRA MODIS as well as FY2
- Module/Software for Image Processing & Analysis
(Vimsat, Gmsoft, etc.)
- GIS Technology
- Crop calendar
- etc.

Data Used

NOAA/AVHRR   satellite data scan along a very large area.
Thus, such type of satellite data were used for large area
mapping and monitoring the environment as well as crop
with high temporal frequency.

Now a days, high resolution satellite data of TERRA/AQUA
MODIS (Moderate Resolution Imaging Spectrometer) and
Landsat TM as well as GIS database are being utilized for
crop monitoring in Bangladesh. Both AQUA TERRA and
Landsat satellites move in a polar orbit. Each of
AQUA/TERRA passes over any place on the earth at every
2 days and Landsat comes over the same position in 16
days respectively. Usually, the TERRA  MODIS imagers
covering the period from 1st week of February to the end
of April are used for estimating crop area coverage of
BORO rice and the AQUA/TERRA  MODIS imagers covering
the period from October  to November are used for
estimating crop area coverage of  AMAN  rice in the
country.

Methodology

The methodology involves analysis of temporal and spatial
variability of vegetation responses in relation to amplitude
and a pattern of radiative responses. Individuality of
deferent vegetation crops provide unique pattern and
time phasing in the observed data. Such variations are
helpful in retrieving information on surface cover mainly

the agricultural crops. Time series moderate resolution
satellite data are being integrated with high resolution
satellite images through a data fusion technique. Thus
the approach utilizes maximum temporal dynamics in
frequent moderate resolution data and together with
improved special accuracy as provided by the high
resolution data. The District boundaries are digitized from
the administrative map of Bangladesh. The analysis is
being supported with Geographical Information System
(GIS).

The Aman and Boro rice area are being calculated by pixel-
wise analysis of radiative transfer values in the spatio-
temporal domain - a methodology devised by SPARRSO.

The following processing and analysis are done for the
assessment of rice area.

Processing:

Data Calibration

The Satellite data are used for the vegetation biomass
monitoring. The   raw data are calibrated from digital
counts to geophysical units/parameters (surface albedo),
the fraction of incoming radiation that is reflected. The
digital values corresponding to the thermal channels are
calibrated to the black body temperatures [5][7].

Rectification and Geometric Correction

The satellite image data are geo-referenced and rectified
to match the real world. The data are then geometrically
corrected, using a set of ground control points (GCP)
generated from orbital parameters with respect to the
geometrically corrected and geo-referenced Landsat
imagery and Topographic maps (1:50,000 scale) [5].

Preparation of Colour Composite Image

The colour composite image (Fig. 1) is prepared, using
channels 1, 2 and 4 as red green and blue (RGB) and then
a suitable enhancement is made to make prominent
features visible. This image is used for preliminary
interpretation and f ield data collection [5].

Calculation of Normalized Vegetation Index (NDVI)

The NDVI of the data is calculated from the calibrated
values in Near IR and Visible in full radiometric resolutions
using, the widely used formula

                       Near IR   - Visible
           NDVI = ----------------------------        ---    (1)
                             Near IR + Visible

Which varies from -1 to +1, scaled for conversion to 8 bit
numbers suitable for display on the monitor. This
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Normalized Vegetation Index is used for crop area
assessment [5].

The scaling of NDVI image is done, using the scheme
suggested by Qudir et al., 1989 and color coded (Fig-2)
for visual interpretation. It is seen in the NDVI imagery
that the forest and crops are not distinctly separable from
each other. Thus, it is necessary to prepare a mask layer
to separate the forest area from NDVI image, which can
be repeatedly used for subsequent application. For this
purpose, the colour composite image map of Bangladesh
prepared from Landsat MSS is used for interpretation of
forest areas. A forest layer is prepared by digitizing. This
layer is applied on NDVI image to mask out the forest
areas (Fig. 2). The resultant image (Fig. 4) is then used for
crop/rice yield area estimation [5].

Fig. (1)  Color composite Image  Fig. (2) Color coded image with
    masked forest area (white)

Fig. (3) Black and white NDVI
image

Fig. (4) Resultant image for
crop area assessment

Analysis

The features are not clear in images in Near IR and Visible.
So it is not possible to identify the vegetation from bare
soil in these images. In the colour composite image (Fig.
1); the features are clearer, which show the vegetation
coverage as green tone, the mangrove  as blue, the bare
soils  as orange and yellow tone. In black and white NDVI
image (Fig. 3), water appears dark, soil appears gray and
green vegetation appears with bright tone. The higher
the bright tone the higher the vegetation.

The temporal characteristics of other existing crops such
as wheat and potato during the winter season are
performed to investigate the NDVI   temporal signatures
for different crops which are grown extensively. Soil
structure and type of crops are studied as diff. types of

crops depend on diff. soil structure.

From ground investigation for rice plants at the flowering
stage, the NDVI appears to saturate at the value of 0.5
(apprx). The pixels with different levels of NDVI correspond
to different percent coverage of vegetation [5]. The pixel
with NDVI less than 0.2 are excluded from the analysis to
exclude those area having vegetation other than rice
(potato, wheat, pulse, etc.). The District wise percent
coverage and percent deviation of the RS and BBS
estimates are also analyzed in GIS level.

Interpretation Key

Range of   NDVI                                                   Interpretation
---------------------                     -----------------------

           NDVI  < - 0.3                                  Clear water

- 0.3 <  NDVI  < - 0.2                      Medium turbid water

- 0.2 <  NDVI  < - 0.1                      Highly turbid water

- 0.1 <  NDVI  <  0                          Very high turbid water

0   <  NDVI  <  0.1                       Bare Soil

0.1 <  NDVI  <  0.2              Bare soil with very low coverage
                                                       of vegetation ( 10-30 %)

0.2  <  NDVI  <  0.3             Medium coverage of vegetation
                                                                          (30-50 %)

0.3  <  NDVI  0.4     High coverage of vegetation
                                                                      (50-75 %)

0.4  <  NDVI  0.6                    Very high coverage of vegetation
                                                                           (75-100 %)

Crop/Rice Area Assessment

The Aman and Boro rice area has been calculated by pixel-
wise analysis of radiative transfer values in the spatio-
temporal domain - a methodology devised by SPARRSO.

An algorithm is developed for correcting the pixel size
effect on the assessment of crop/rice yield area, using
the data collected from the field [4]. Assumed that the
NDVI is linearly dependent on the area covered by green
vegetation . In this step, another image is produced (Fig.
4) from NDVI image, which represents the rice area
coverage within the pixel in hectares. The District wise
rice area is estimated from this image, using GIS technique
and the overlay operation between the raster data and
the vector layer of the district boundaries [5].
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Rice Yield Estimation

The rice yield is then estimated (in metric ton) by
multiplying the rice area with the algorithm developed
by using the field data i.e, the production per unit area.
The remote sensing estimated data (result) is then
compared with the estimated field data produced by BBS.
Fig. 5 shows the distribution of Aman rice area coverage
in 2011 and Fig-6 shows the Boro Rice area in 2012 over
the country (BD).The resultant data of rice production is
then supplied to relevant  authority of the Govt.,  for
timely decision making towards food security.

Fig. (5) Estimated Aman crop area
Map(2011)

Fig. (5) Estimated Boro crop area
Map(2012

Discussion

The resultant data estimated, using remote sensing
technology, is then compared with the field data produced
by Bangladesh Bureau of Statistics (BBS).

The final output data is then  supplied to relevant authority
of the government to:

-  warn timely that the country may be in shortage of food
- provide the decision makers of the country with the
information about the food/rice for national planning
- help the administrators to take necessary actions so that
they can take necessary decision timely to ensure food
security management of the country.

Conclusion

Bangladesh is one of the most food insecure countries in
the world. Most of the countryside lies in the disaster
prone, largely flood plain areas, annual flooding and other
natural disasters like cyclone, drought, etc. often cause
damage to crops that causes shortage of food in the
country. Over last three decades, food grain production
has increased. But that is not sufficient as population
growth is more than that [8].

The space technology is capable of providing wide range
of agricultural and environmental information, which is
useful for agricultural modelling and estimation of crop

production. The crop production depends upon weather
in many developing countries. Thus; it will be helpful to
predict the likely yield in advance, if a relationship between
the crop yield and weather variable can be established.
The timely information is important for determining the
food policy management for the sustainable development
of the country. In order to increase the accuracy of  rice
monitoring, more field observations and microwave data
during monsoon period shall be needed.
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The Satellite data are used for the vegetation biomass
monitoring. The raw data are calibrated to percent
reflectance using calibration coefficients. The satellite
data are rectified and then geometrically corrected using
a set of ground control points(GCP) generated from orbital
parameters with respect to the geometrically corrected
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and geo-referenced Landsat imagery and Topographic
maps(1:50,000 scale)[5][7].The colou r composite image
(Fig-1) is prepared  and  enhanced to  make features
prominent and visible. This image is used for preliminary
interpretation and field data collection. The significance
of the difference vegetation indices including NDVI has
been described by Kathu and Thomas (1976), Jackson
(1983), Perry and Lautenschlagar (1984), Ducan et al.(1993)
and many other authors. (Choudhury et al., 1999).
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Pakistan: A Satellite based Food Security Alert System

Abstract:

Pakistan, like other developing nations, is facing the
challenge of food security by way of 58 percent of its
people being food insecure with varying degree of hunger
and malnutrition. The country is producing 40 million
tons of food grains and a large variety of other crops.
Pakistan is focusing on increasing crop productivity through
exploiting multiple options in agriculture technology. The
probability of lateral expansion of agriculture is constrained
by virtually inelastic irrigation water supply.  In conjunction,
Pakistan has focused to develop a state of the art, satellite
based crop monitoring system in order to better address
the food and nutritional complexities.

The satellite based crop monitoring system provides alerts
on a large number of field crops of high economic
importance. The satellite systems used in this maneuver
provide medium to fine range of resolutions. To increase
the awareness of alerts made, SUPARCO has set up a
m o n t h l y  c ro p  b u l l e t i n  o n  i t s  w e b  p a g e
(http://www.suparco.gov.pk / pages /pak-scms.asp). This
has increased reach and recognition of the satellite based
vigilance provided by SUPARCO.

The bulletin encompasses monthly situation on crops
standing in the field, analytical reviews of agricultural
policies, sub-regional NDVI   images for various time lines,
comparison of temporal satellite images across agro
ecological regions and other diverse information including
damages by floods, with subsequent water recession and
impacts of drought. The system has served a useful
purpose in the face of devolution of the Federal Ministry
of Food and Agriculture. Pakistan has benefitted in
managing its food security concerns, based on early
warning systems, forecasts, estimations and other periodic
information provided by SUPARCO.

Introduction

The once concept of "Food for all" has grown into the
perception of "Food Security" during 1970s.  The concept
has variable connotations and explanations. The current
definition of food security given by the World Food Summit
of 1996 is "when all people at all times have access to
sufficient, safe, nutritious food to maintain a healthy and
active life". The USDA has further refined the dimension
of accessibility by suggesting that the nutritious food of
dietetic choice should be available and accessible in a
"Socially Acceptable" way. The food security includes both
physical and economic access to food that meets people's
dietary needs as well as their food preferences. The food
security is built on three pillars viz. (a) Food availability
in sufficient quantities on a consistent basis, (b) Food

Dr Muhammad Hanif, Abdul Ghafoor and Syed Zuhair Bokhari

access, requiring availability of sufficient economic

resources to buy food of preference for a nutritious diet
and (c) Food use requiring knowledge of basic nutrition
and care, as well as adequate water and sanitation.

Pakistan's current population is 180 million people. The
population growth rate was around 2.5 percent during
early 1960s. The green revolution of 1960s improved living
standards of masses. As a result the population growth
rate in Pakistan's conformist society surged un-precedently
to 3.44 percent during early 1980s. The educational drive
and awareness campaign have helped to drop this growth
rate to 1.8 percent currently. This has been adding about
3 million additional people to our population on an
average, each year. This continuing increase, of high order
has resulted in food and nutrition related complexities.
A National Nutrition Survey was conducted by the Ministry
of Health during 2011. This survey revealed that out of
30,000 households surveyed, 42 percent were food secure
and 58 percent were food insecure. Of these, 28 percent
are food insecure without hunger, 20 percent with
moderate hunger and 10 percent are with severe hunger.
Among the food insecure, about 50 percent women and
children were found to be malnourished. The incidence
of maternal anemia was 49 percent, night blindness 16
percent and child stunting level was 43 percent.

Indus Basin Food Production Machine

Pakistan has kept a vigil on agriculture sector, to assure
sustainable growth and maintain food security. The
agriculture in Pakistan is mainly concentrated in the Indus
basin as shown in the map below. The country has invested
heavily in water resources development and management.
An irrigation network with supporting reservoir capacity
of 18 million acre feet, a spinal drainage structure and
the follow on farm water programs have been set up in

Population Growth in Pakistan during 1960-2010.
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the country to optimize use of water resources. In addition,
networks of agricultural research and educational systems
have been established to sustain development and assure
a rational growth in agriculture. As a result of these
endeavors, the country is producing 40 million tons of
food grains, 70 million tons of sugarcane and 15 million
bales of cotton. Additionally; a large number of other
crops including fruits, vegetables, legumes, oilseeds and
others are being produced with sizeable output.

The country, over last one decade, has maintained large
surplus stocks of wheat, rice and other food grains. The
carryover stocks of wheat have ranged between 3-4 million
tons during this period. Food availability, therefore, is
generally not a problem of Pakistan. Our setbacks in food
security hang around food accessibility requiring (a)
Shipment of food commodities across deficit regions, (b)
Availability of sufficient economic resources to buy food
and (c) Lack of appropriate knowledge of basic nutrition
as well as access to safe drinking water.

Crop Monitoring System

An efficient food production machine requires an
outstanding monitoring system to implement food security
plans. Pakistan conventionally collected crop statistics
through subjective technique of opinion surveys upto late
1960s. A  VMS (Village Frame Sampling) system was
designed during 1970s to monitor and report on crop
conditions. The system being objective in nature has
helped to improve the situation. However; it was long-
drawn-out and therefore ineffective to deliver information
quickly, especially during emergencies.

There has been a mounting demand for forecasts for
timely, reliable and comprehensive estimates on field and
other crops to manage food security and assure contiguous
supply of raw materials to agro-industry.

Pakistan Space and Upper Atmosphere Research
Commission (SUPARCO) embarked upon this challenging
job. A modest beginning was made a few years back and
a research program was embarked upon for the application
of satellite technology for monitoring crops.

The analytical techniques used for estimation of crop area
include: (a) Classification of multi date, multispectral wall
to wall satellite imagery of 5 m resolution of the Area of
Interest and (b) A referral area frame system, designed
on stratified/probability proportion based sample
designing principle. The satellite based agriculture masks
were prepared using 5 m satellite imagery during peak
growing seasons in February for winter crops and
September for summer crops. The country was divided
into 10 regions. The stratification of these polygons was
done on the basis of vegetation intensity and other land
cover features. A set of 362 segments, each of an
approximate size of 30 ha, was drawn in various strata.

Real time ground truthing surveys of these segments were
conducted once in each cropping season of Rabi (winter)
and Kharif (summer). Spectral signatures of crops were
drawn from these ground truthing surveys.

The crop yield and production estimates are based on the
data across the growing seasons of the crops. These
include 10 daily satellite VGT indices of 1000 m resolution
along with ground information on daily agro-
meteorological parameters, 10 daily irrigation water
deliveries in canals and monthly fertilizer off take. An
attempt was made to integrate and predict response at
various stages of crop growth. Some of these include (a)
Time of emergence, (b) Time of peak growth and (c) Time
of ripening /senescence.

The statistical techniques used in the analysis include
outlier detection in the data, principal component analysis,
correlation matrices, colinealrity analysis and  multiple
regression modeling.

Online Crop Alerts

After this system was established, an attempt was made
to assure that this information is available online and is
refreshed frequently, at least on monthly basis.  This
system covers information on providing satellite images
of the country in various time frames, crop conditions,
an analytical study of the factors of production as fertilizers
off take with availability of water, analysis of the impacts
of agro-met factors and pricing/ marketing patterns of
various crops. The crop forecasts and estimations involving
area, production and yield of crops , issued on monthly
basis.
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To cite an example of timelines, the first forecast for wheat
crop during the year 2012 was made on 31st January
followed by an update on 28th February. The final estimate
of wheat was issued on 31st March. The main wheat
harvesting periods are March in Southern areas of Pakistan,
April in central and May in Northern regions of the country.
Likewise; the temporal crop forecasts and estimations for
cotton, sugarcane, rice, maize, and potato are issued
frequently on monthly basis. The common patterns of
release of crop statistics by conventional system involve
a lag phase of 5-6 months. Accordingly, the system alerts
and forewarns to the policy makers, planners and other
end users in the conventional system are almost missing.
This gap has been filled by the satellite remote sensing
based crop alert system. This has helped to devise food
security plans to address inadequacies in the system.
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Application of Remote Sensing for Agricultural Statistics: The Tunisian
Experience

Abstract

Monitoring, estimating and forecasting of agricultural
production are very important for managing the regional
and local food security. Thus, it is necessary to have a
powerful strategy for making agricultural statistics by the
use of efficient tools. In this paper; we present the Tunisian
experience in the use of remote sensing technologies for
the estimation of cereal areas, yield and production.

This paper shall present the methodology adopted and
the results obtained in the estimation of cereal areas,
using three different approaches: The first approach
adopts the Classification methods using SPOT images, the
second approachs uses statistical methods by means of
vegetation index extracted from Spot Vegetation data and
the third one uses a statistical model.

Introduction

In Tunisia, cereal is one of seven strategic agricultural
products. Hence, it is an imperative need for policy makers
to forecast early productions to engage the necessary
provisions on cereal importation, crop management,
storage, processing, etc.. Thus, it is necessary to have a
powerful strategy for making agricultural statistics by the
use of efficient tools to enhance and improve the present
statistical methods in the ministry of agriculture.

Objectives and Framework

The project is titled “Cereal Monitoring  and Forecasting
of Wheat and Barley Production by Remote Sensing. The
ultimate objective of the project is to develop an
operational system for monitoring and forecasting of
cereal crops.

The project was implemented over a period of three years,
which consists of three phases: The first phase was
allocated to the data collection and preparation. The
second phase consisted of the development of
methodology and model parameters, while in the final
phase the work shall be completed by developing an
operational forecasting system.

Study Area

The study area is constituted by ten provinces of Tunisia
(Fig. 1); These provinces are dominated by cereal crop.
Seven of them are located in the North and three in the
Center of Tunisia. The study area presents an heterogeneity

Talhaoui Wafa, Haffani Myriam, Sghaier Nabil, Bacha Sinan, Sayah Najeh,
Othmani Sofiane and Bouzguenda Neila

and variability from the point of view of climate and cereal
crop behavior as well as production.

Fig. The Study area

Methodology

Remotely sensed data have been widely used in the field
of agriculture mainly for cereal area estimation, cereal
crop monitoring and cereal yields estimation. To achieve
our objectives, we adopted a methodology based on the
analysis of remotely sensed data extracted from a low
resolution satellite image “Spot Vegetation”. Also, we
used also high resolution satellites images of Spot 5.

Spectral response characteristics of healthy vegetation
can easily be characterized in different parts of the
electromagnetic spectrum. To further enhance the
discrimination between different spectral vegetation
classes, computation of different vegetation indices using
infrared and red band data in the electromagnetic
spectrum, for describing the crop growth conditions, are
commonly used.

The commonly used vegetation index is the Normalized
Difference Vegetation Index (NDVI) defined as:

NDVI = IR–R / IR+R
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Where IR and R respectively refer to radiance in infrared
and red bands of the satellite. This index has been used
in the present study to monitor, estimate areas and yields
of cereals.

Cereal areas estimation

The methodology adopted for the estimation of cereal
areas consists of the use of three different approaches:
In the first approach, we adopted the Classification method
using SPOT images. In the second, we used a statistical
method by means of vegetation index extracted from
Spot Vegetation data. The third approach emplyes the
use of Mars approach (Action IV).

The first two approaches require a combination between
the high resolution satellite image and the sampled data
on the filed survey, and for reliability the image acquisition
and filed work survey must be done at the same time.
The sampling method used in this study is based on many
criteria: First of all we select the “sites” by using the
stratification map, cereal crop map, and the Spot satellite
track.

And in the second step we used a systematic sampling in
regular grid; as shown in the figure below. We obtain a
set of 11 sites each of 40 Km × 40 Km (Fig. 3) and 176
square segments each of 1.4*1.4 Km².

Fig. Sampling protocol

(Fig. 3). The received spot 5 images having 10 m resolution
are orthorectified as first step using a digital elevation
model and the ground control points and projected in
UTM Clarke 1880 datum Carthage. Next, these images
will be merged as a mosaic scene, having the same
acquisition date.

The classification is processed after having defining an
NDVI threshold for cereal from the training samples taken
during the field survey. The result of classification is
evaluated by its confusion matrix expressed by omission
and commission errors (Table-1):

Table. Classification result

The classified image, which represents a land cover map
per province, was used to calculate the cultivated areas.

Fig. (3) The steps of classification method, using Spot images

Mars Approach

The objective of this approach is to provide early
information on changes in crop area each year compared
with the previous year (Gallego F.J, 1999), as well as
qualitative indicators of potential yields. Area estimates
for year n are obtained by applying the estimated area
change rate to official statistics for year n-1.

One of the main targets of the MARS project was assessing
the use of high resolution satellite images to improve the
ground survey estimates.

Classification Method Using Spot 5

This approach includes several steps starting from the
acquisition of the image until the cereal areas estimation
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This approach requires a high resolution satellites images
Spot 5, a systematic sampling scheme as described
previously.

The estimation of area cereal crop is calculated in the site
by the Equation (1) and calculated in province by the
Equation (2)

Sn-1 is the estimated area in the site year (n-1)
Sn the estimated area in the site year (n)

Sn-1 is the estimated area in the province year (n-1)
Sn is the estimated area in the province year (n)

Statistical Method Using Spot Vegetation Images

This method (Fig. 4) requires the use of data extracted
from the low resolution images spot vegetation, and the
historical data of cultivated areas by speculation (Durum
Wheat, Soft Wheat and Barley). The objective of this
approach is to adjust the parameters of a statistical model
using the correlation between historical values of NDVI
and historical data of cultivated area for each cereal
speculation to obtain a prediction model described by
the following equation:

•: the regression coefficient
•: the origin value
NDVIi: Normalized Difference Vegetation Index
Cultivated areai: Cultivated area of Durum Wheat, Soft
Wheat and Barley

Fig. (2) The steps of the statistical

obtained and expressed by the following equation:

•1 is the regression coefficient
• is the origin value
NDVI: Normalized Difference Vegetation Index
Yield : Yields  of  Durum Wheat, Soft Wheat and Barley

This model uses different parameters by each province
and for each cereal speculation.

Results

In this section we present the results obtained for cereal
area estimation of Wheat and Barley, using three different
approaches described in the methodology. The produced
area estimates are evaluated by comparing the results
obtained with the statistics results of the ministry of
agriculture.

Approach 1

The results obtained, by the approach using the NDVI
threshold per scene SPOT 5 and per date, show a good
correlation between both results with a correlation
coefficient R2 equal to 0.89 for cultivated areas. The
average absolute error is estimated as 18500 ha equivalent
to 15.7 % for cultivated areas (Fig. 5).

Fig. (5) Comparison of obtained results by the classification approach

Cereal yields Estimation

It has been shown in several studies that crop yield is
having high correlation with spectral vegetation index
NDVI. A statistical model by means of a linear regression
between the NDVI historical series and yields data is

Approach 2

The results of cultivated areas obtained with the Mars
approach (Fig. 6) show a poor correlation with the results
of the ministry of agriculture (R2=0.52), especially for the
provinces of Kairouan, Kasserine and Sidi Bouzid.
These three provinces are located in the center of Tunisia.
In this arid area, the cereal crop behavior is different from
other provinces and presents more variability and
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Fig. (6) Comparison of obtained result by MARS approach

Approach 3

The last results, obtained by the statistical model by using
spot vegetation images, give a good comparison expressed
by a very good correlation; with a high value of coefficient
correlation R2 0.90 for cultivated areas.

Fig. (7) Comparison of obtained results by Statistical model approach

 Conclusion

Although good results are obtained at the end of the first
and second phase of the project, the methodology adopted
can be improved by means of new approaches or an
improvement of the actual approaches to reach the
objectives of the project; which consisted of the
enhancement of methods used in present statistical
services.

The efficiency of the methodology adopted could be
increased by using an adequate sampling rate and/or
another sampling protocol.

This project helped to develop operational tools, using
the remote sensing; It will connect and combine the
different data to reveal the interactions existing between
the various project activities in an operational system for
forecasting and monitoring of cereal crop.
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heterogeneity. Therefore, the use of irrigation system in
cereal crop production.

Cereal Production Estimation

The cereal production estimation is the result of
multiplying the cereal yield of each cereal speculation by
the area of the study area.

Tableau : Comparison of cereal production estimation

Durum Wheat     - 12,1
Soft Wheat          - 10,7
Barley                   - 26,5
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Land Suitability Assessment For Rice Crop In Sheikhupura and Nankana Sahib
Districts, Using GIS Techniques

Abstract:

Land suitability assessment studies for crop production
in certain areas provide opportunities and limitations to
decision makers and thus help in planning for alternative
landuses in the unsuitable areas. Optimizing utility of a
land parcel for a specific Landuse is directly based on its
qualitative & quantitative attributes along with historical
information. Soil, environment and ground water
conditions are the most important attributes / factors
required for assessing suitability of a land. Since suitability
is a function of soil / land characteristics, therefore, it is
a measure of how well the requirements of a particular
landuse match with the requirements of a land parcel.
Geographic Information System (GIS) functionality helps
a lot in spatial decision making. In land suitability
assessment studies, many data layers are to be handled
in order to assess the overall suitability and this can easily
be done in GIS environment. The methodology adopted
combines most aspects of soil, environment and ground
water quality attributes that affect crop suitability at large.
Good management practice is assumed; including the use
of appropriate crop varieties, fertilizers, irrigation, sowing
period, etc.. The land suitability classification system of
FAO [1] has been used to assess the overall land suitability
for rice crop in combination to a weighted GIS model.

Key words: Land Suitability Assessment, GIS, GPS, Soil,
Agriculture, Food Security.

Introduction

Rice has been one of the most important foods for
mankind and now this irreplaceable grain is feeding about
two-thirds of the world’s population [2]. Pakistan has two
major rice-producing provinces, namely Punjab and Sindh.
Both provinces account for more than 88 percent of total
rice production. Punjab due to its agro-climatic and soil
conditions is producing 100 percent of Basmati rice in the
country. Important rice producing districts in Punjab are
Gujranwala, Sheikhupura, Sialkot, Okara, Hafizabad, Mandi
Bahaudin Din and Jhang accounting for more than 70
percent of Basmati rice production in the country [3]. Rice
is one of the most important cereals of Pakistan and
occupies second position after wheat. It is also an
important source of foreign exchange earnings. Rice is
grown on an area of 2.7 million hectares, with an annual
production of 6.2 million tons, giving an average yield of
3.10 t/ha [4]. Its importance in the national economy
needs no emphasis as it accounts for 6.1 percent of the
total value added in agriculture and about 1.3 percent to
GDP [5]. Despite having steady irrigation water supply,
rice yields are low for both Basmati and non-basmati

Shahid Parvez, Faiza Rehman, Salman Ijaz, Muhammad Ikram

crops. 25% higher yield can be attained at present level
of inputs. This can be done by improving farm-
management practices through improved institutional
and emerging technologies. Sustaining yields are of more
immediate concern even at present level. Non-basmati
yields are stagnating and those of basmati are declining.
The cause for this stagnation and declination are thought
to be the increasing salinity caused by injudicious use of
irrigation water, unfit underground water, mismanagement
in use of fertilizers, depletion of soil nutrients, application
of contaminated industrial waste water to crops and
insufficient economic drives for long term investments in
land and soil improvements [6].

The objective of this study is to evaluate the suitability of
land for rice cultivation in Sheikhupura and Nankana Sahib
Districts of Punjab. The study area plays an important role
in providing agricultural commodities to Pakistan.

Study Area

Sheikhupura and Nankana Sahib Districts are very
important for our agricultural commodity and occupy an
area of 5959 km squares. Fig. 1 shows the location of the
study area in Pakistan, whereas the Fig. 2 shows the actual
study area (curtsy Google Earth). About one fourth of the
total area (1602 km squares) is land with high potential
under irrigation and its dominant part is clayey (74%).
About one third (2010 km squares) consists of land with
moderate and some high economic potential under
irrigation. About 37 % is saline sodic, but with good
structure. About one tenth (577 km squares) of the area
is land with poor grazing potential. More than half (62%)
comprises dense, impervious strongly saline-sodic soils,
reclamation of which is not considered practical. The
remainder (194 km squares) comprises rock outcrops,
riverbed and urban land; which has not been considered
suitable for general agricultural development [7].

Fig. (1) Location of the study area in Pakistan (highlighted in
green color). [Curtsy Google Earth]
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The district has extreme climate; the summer season
starts from April and continues till October. During the
summer season, temperature ranges from 30 to 45 C; the
winter season starts from November and continues till
March. December and January are the coldest months
with a mean minimum temperature of 5 C. Variation
between the day and night temperatures of about 10 •C
is conducive to high yields. Mean Annual Temperatures
(• C) in Lahore and Adjoining Areas is shown below in
Graph-1 [7, 8].

Fig. (2) Study area (shown with green polygon). [Curtsy Google Earth]

Graph-1: Mean Annual Temperatures (•'b0C) in Lahore and adjoining
areas including Sheikhupura and Nankana Sahib Districts

Dry weather during harvesting and ripening is essential.
Rainy weather alternates with oppressive weather. The
average total rainfall in the study area is around 500 mm
per year as shown in Graph-2. The mean minimum and
maximum humidity during winter is respectively 37% and
84%. An irrigated rice crop requires from 1200 to 1800
mm of water per crop, including land preparation [7, 8].

Graph-2: Mean Annual Precipitation in Sheikhupura and Nankana
Sahib Districts

Methodology

The soil characteristics and ground water parameters that
affect the rice crop were used as inputs to determine the
land suitability. The simplest method of characterizing
the suitability of each map unit’s soil properties was to
represent each soil property i.e. pH, texture, electrical
conductivity and organic matter as a single value, to obtain
the mean map unit soil property. The mean value of that
property for each soil series was calculated and used to
consider the surface level ranges of soil.

The GIS techniques used in this study identify input data
for the land suitability model and develop a modelling
procedure for data processing and for generation of output
results. The geographically distributed soils and ground
water were gathered together with their attributes (i.e.
soil salinity, texture, organic matter, pH, water quality,
rainfall, temperature, etc.) and then overall suitability was
assessed by overlay analysis using ArcMap 9.3. The results
have been displayed in map forms. The land suitability
classification system recommended by FAO [1] has been
used to assess the overall suitability in combination with
a weighted GIS model. The overall methodology and
workflow adopted for this study is shown in Fig. 3.

Fig. (3) Methodology and workflow adopted for this study
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The soil characteristics of the study area were obtained
after digitizing Soil Survey of Punjab (SSOP) maps with a
geodatabase of many parameters like pH, EC, texture and
organic matter. The soil information is presented in terms
of soil association (geographically associated soils) rather
than a true soil series (describing soils alike in soil
characteristics). Current soil data were also collected from
selected sample sites and incorporated into the SSOP
based GIS based on their GPS coordinates. Twenty six soil
series have been distinguished in this study. Soil attribute
data have been compiled from previous accounts (SSOP
reports). Ground water data were provided by
International Water-logging And Salinity Research Institute
(IWASRI).

Data Analysis and Intermediate Results

Crops grow best in the locations, where certain soil and
environmental as well as water conditions meet the growth
requirements. Soil pH, texture, salinity, organic matter,
water quality, rainfall and temperature are among the
most important factors that affect crop growth and help
to determine where rice plants would grow best. In this
regard; the following thematic maps of the study area
have been generated, using ground sampled data sets in
GIS environment.

i) Soil pH

The ability of all plant root cells to absorb nutrients and
water from soil is directly affected by soil’s pH. The
optimum pH range for rice crop in the study area is 7.2
– 8.4 [9]. The pH classification for rice crop suitability is
given in Table-1:

pH Classification for rice crop

Highly suitable

Moderately suitable

Marginally suitable

Not suitable

7.2-8.4

8.41-8.5

8.51-9.0

> 9.0

pH values

Table-1. pH classification for rice crop

Using Table-1, a thematic map of the study area based
on pH classification for rice crop was generated as shown
in Fig. 4 below.

Fig. (4) Thematic map of the study area based on pH classification for
rice crop

i) Soil Texture

Fine textured soils are well-suited for rice crop. The four
textural groups used in this research are mentioned in
Table-2:

Table-2: Soil Textural Classification for Rice Crop

Using Table-2, a thematic map of the study area based
on Soil Textural Classification for Rice Crop was generated
as shown in Fig.5 below:

Fig. (5) Thematic map of the study area based on Soil Textural
Classification for Rice Crop

i) Soil Salinity

Saline soil is the one having an EC of 4 dS/m or more
according to the USDA salinity laboratory [9]. Research
has shown that rice is more sensitive to salinity than
current guidelines suggest; salinity affects rice yield at or
above 3.0 dS/m. Salinity has a negative effect on a number
of yield components including stand establishment;
panicles, tillers and spikelets per plant; floret sterility;
individual grain size; and even delayed heading. Rice crop
is moderately tolerant to soil salinity. At EC 16 or above
yield starts decreasing rapidly. Salinity occurs through
natural or anthropogenic activities that result in the
accretion of dissolved salts in the soil water to an extent
that hinders plant growth. Salt concentration in a soil is
measured in terms of its Electrical Conductivity (EC). The
mean average for EC values was calculated to obtain single
value for soil property. The Soil Salinity Classification for
Rice Crop is shown in Table-3 below [7].

Table-3. Soil Salinity Classification for Rice Crop
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Using Table-3, a thematic map of the study area based
on Soil Electrical Conductivity (Salinity) Classification for
Rice Crop was generated as shown in Fig. 6 below:

Fig. (6) Thematic map of the study area based on Soil Salinity
Classification for Rice Crop

i) Organic matter

Since soil organic matter is mainly made up of plant
residues, it contains all essential required plant nutrients.
Accumulated organic matter, therefore, is a stockroom of
plant nutrients. Upon decomposition, the nutrients are
released in a plant. The stable organic fraction (humus)
absorbs and retains nutrients in a plant. In order to keep
up this nutrient cycling system, the rate of addition from
crop residues and manure must be equal to the rate of
decomposition. If the rate of addition is less than the rate
of decomposition, soil organic matter will decrease.
Conversely; if the rate of addition is greater than the rate
of decomposition, the soil organic matter will increase.
Fertilizers can help to maintain this rotating nutrient bank
account by increasing crop yields and consequently the
amount of residues returned to the soil. Organic Matter
Classification for Rice Crop is shown in Table-4 [7].

Table-4. Organic Matter Classification for Rice Crop

Using Table-4, a thematic map of the study area based
on Organic Matter Classification for Rice Crop was
generated as shown in Fig.7 below:

Fig. (7) Thematic map of the study area based on Organic Matter
Classification for Rice Crop

i) Ground Water Data

The ground water data for water quality was provided by
International Water-logging and Salinity Research Institute
(IWASRI) in point observation form, which was further
manipulated in GIS environment to use it in crop suitability
model. Irrigated agriculture depends upon sufficient water
supply of usable quality. Water quality is defined as the
characteristics of water that will affect its suitability for
a particular use. Ground water used for irrigation can vary
greatly in quality depending upon type and quantity of
dissolved salts, which have significant effect on crops [6].
The assessment of water quality for the study area was
based on four parameters i.e. electrical conductivity, total
dissolved solids, residual sodium carbonate and sodium
absorption ratio. Criteria for classification of water quality
parameters adopted for this study are given in Table-5:

Table-5. Classification Criteria for Water Quality Parameters

Using Table-5, a thematic map of the study area based
on Water Quality was generated as shown in Fig. 8.

Fig. (8) Thematic map of the study area based on Water
Quality for Rice Crop

Land Suitability Assessment for Rice Crop

The term land evaluation refers to assess the suitability
of different tracts of land mapping units (LMU’s) for specific
kind(s) of use and to find out the land management
alternatives that would be physically and financially
practicable and economically viable. Land evaluation is a
comprehensive approach and a best possible tool for
systematic landuse planning on sustained basis. The
information collected through land resource, agricultural
land use and socio-economic surveys are interpreted for
landuse planning in the form of land capability or suitability
classifications. The aim of these classifications is to guide
the landusers/planners in such a way to put the land
resource to the most beneficial use on sustained basis
without deteriorating the resources and the environment
[12]. The land suitability classification is a method of land
evaluation recommended by FAO and outlined in its Soils
Bulletin No. 32 (FAO, 1976). The method requires that
the suitability of land should be assessed for specific types
of landuse i.e., land utilization types defined with as much
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detail as the purpose may require, rather than assessment
for common or general agricultural use. The general
guidelines for the definition of factor rating for land
assessment, using FAO method, are given in Table-6.
Overall suitability has been assessed by considering above
stated five important parameters with giving more weight
to soil texture and water quality/availability. A thematic
map of the study area based on all five parameters was
generated as shown in Fig. 9 below.

Table-6. General guidelines for the definition of factor rating

Fig. (9) Sheikhupura and Nankana Sahib Districts Cumulative Land
Suitability for Rice Cultivation

Table-7. Overall land suitability for rice crop in the study area based on
five parameters

Graph-3: Overall land suitability for rice crop in the study area based
on five parameters

and Nankana Sahib Districts of Punjab was carried out,
using GIS in presence of available qualitative & quantitative
soil data sets. Based on this study, it was concluded that
72.2 % of the total agri-land is generally suitable for rice
crop in the study area. The study provides an easy
approach for decision-makers (including farmers) for
improvement of their rice crops (production and yield).
The study has also pointed out to enhance/reclaim
different parameters of soil, wherever needed. Soil texture,
water supply and water quality are two most important
factors that affect rice growth and yield. All major
controlling parameters can be reclaimed in order to achieve
higher yields. GIS is an efficient tool for crop land
assessments and effective agricultural planning.
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Abstract:

The techniques of satellite images processing and
Geographic Information System have been utilitized to
study the agricultural lands, within southern region of
Iraq, affected by desertification phenomena. The input
data (satellite images, digital vector maps and their
associated geo databases) have been processed, using
both the Erdas and ArcGIS software specialized packages.
The agricultural lands effected by desertification
phenomena (especially salinity, drought, decreasing the
vegetation cover) have been determined. Finally, it is
concluded, that these phenomena can be considered as
real challenges to the food security in Iraq.

Introduction

Research focuses on the spread of the process of
desertification and desert encroachment in the southern
regions of rivers sedimentary in Iraq and the spread of
sand dunes of various types and operations of the
development and expansion of vegetation in it. The climate
of the study area is a dry climate.

Given the wide scope of desertification, it can be difficult
to study this phenomenon by traditional methods of
operations of floor area and field work. So the modern
techniques must be adopted for the study of such
phenomena. The remote sensing data are highly
important, which provide complete coverage of the study
area and helps to study the phenomenon. The use of GIS
in the management and analysis of these data, is because
of its specialization and high precision [1].

Study Area

The study area is located in the south of the plain
Mesopotamia sedimentary and includes the land between
the Tigris River.
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Land Degradation and its Impact on Agricultural Production in the Southern
Region of Iraq, Using R.S & GIS

Raheem Bani Falih, Raad Abdulkadhim Abbood

Fig. (1)

Metu_iraq_jordan_syria_001

Fig. (2)

Table-1. Soil erosion distribution of Iraqi Soils

Iraqi soil

Intensity                   Area affected       %
(ha)

Light-medium            1 431 000          3.37
Very strong                   635 000          1.49
Light-medium             4 691 000        11.06
Strong-very strong       5 007 000       11.86

began to appear in many parts the sand dunes that
threaten agricultural land, urban areas and other projects
in the vienity. Erosion air plays a very important role in
its spread. The sand dunes are the clearest manifestations
of desertification in the study area, which threaten the
neighboring land. Desertification has begun to approach
the river Euphrates. Figure (2) shows the approach of
desertification to the Euphrates [2].

Theme 2: Agriculture Landuse

Desertification in Iraq

The desertification in Iraq is caused by natural factors
(e.g. climate, soil and water resources surface) as well as
human factors (e.g. the misuse of land, overgrazing,
irrigation, unregulated, etc.). This is a view endorsed by
the World Conference on Desertification held in Nairobi
in 1977 under the auspices of the United Nations). The
spread of desertification is observed in large parts of Iraq,
but mostly in the south. The (104200 km ) area affected
by desertification and Desert encroachment in the region
is increasing, as it

2
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Methodology

Using antipersonnel visualization of space-based sensors
to Landsat and for periods of time successive year term
1972-1990-2001 and the study area in southern Iraq as
part of (Path 167 Row 38) was a process of Conformity
Abundant by the software Erdas 9.2 and then compare
its classification process-supervised and unsupervised
(maximum likelihood) as well as machine and process the
change detection to find out how much change in the
case of land and the amount of desert encroachment on
arable land. (Table 2)

Program uses of the ARC GIs 9.3 to produce the final map.

Image geometry correction is generally implemented in
2 different ways:

1. Graphics Processing
2. Signal Processing

Both techniques involve the real time execution of a spatial
transformation from the input image to the output image,
and both techniques require powerful . The spatial
transformation must be pre-defined for a particular desired
geometric correction and may be calculated by several
different methods (more to follow) [4].

In Graphics Processing, the spatial transformation consists
of a polygon mesh (usually ). The transformation is
executed by texture mapping from the  mesh of the input
image to the transformed shape of the destination image.
Each polygon on the input image is thus applied to an
equivalent (but transformed in shape and location)  in
the output image [5].

Graphics Processing based Image Geometry Correction,
may be performed with inexpensive PC-based graphics
controllers. The sophisticated  that uses the  hardware of
a graphics controller is not a standard one, and is available
only through vendors of specialty software (i.e. Mersive
Technologies and Scalable Display Technologies). Graphics
Processing based image geometry correction is very
effective for content that originates in the PC. Its major
drawback is that it is tied to the graphics controller platform
and cannot process signals that originate outside the
graphics controller [6].

In based image geometry correction, the spatial
transformation consists of spatially defined 2-dimensional
image re-sampling or scaling filter. The scaling operation
is performed with different scaling ratios in different parts
of the image, according to the defined transformation.
Special care must be taken in the design of the scaling
filter to ensure that spatial frequencies remain balanced
in all areas of the image, and that the  criterion is met in
all areas of the image.  based image geometry correction
is Implemented by specially designed  in the projection
system (i.e. IDT, Silicon Optix or GEO Semiconductor), or
in stand-alone Video Signal Processors (i.e. Flexible Picture
Systems) [7].

Processing of satellite images

Geometric Correction

Image Geometry Correction (often referred to
as Image Warping) is the process of digitally
Manipulating image data such that the image’s
Projection precisely matches a specific projection
Surface or shape. Image geometry correction
Compensates for the  created by off-axis or screen
placement or non-flat screen surface by applying a pre-
compensating inverse distortion to that Image in the
digital domain. Usually, Image geometry Correction is
applied such that equal areas of projection surface.

Raw Image

Theme 2: Agriculture Landuse

Table-2. The estimated degradation status of the irrigated land in Iraq,
Syria, Lebanon and Turkey

Are perceived by the viewer map to equal areas in the
source image. It can also be used to apply a  distortion.
The term “Image” Geometry Correction, implying a
staticimage, is slightly misleading. Image geometry
correction applies to static or dynamic images (i.e. moving
video). [3]
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mitigated by the inclusion of additional features (such as
switching and Edge Blending in the  based image geometry
correction system) [8].

Calculation of the Image Geometry Correction
Transformation

The image geometry correction transformation can be
calculated by predictive geometry (i.e. calculating exactly
where an image should land on a regular surface such as
or a cylinder) or by an automatic optical feedback system
(i.e. a camera can be used to evaluate the alignment of
test images) or by user iteration (i.e. movement of points
by an operator). In all methods, the transformation is
generally described as a 2-dimensional array. The number
of points in the 2-dimensional array that are required to
do an accurate Image Geometry Correction depend on
the surface involved. In the case of Keystone Correction,
4 points are all that are required to completely describe
any projection situation [9].

class 1990

class 1976

Thematic map

A thematic map is a map that focuses on a specific theme
or subject area, whereas in a general map the variety of
phenomena—geological, geographical, political—regularly
appear together. The contrast between them lies in the
fact that thematic maps use the base data, such as
coastlines, boundaries and places, only as points of
reference for the phenomenon being mapped. General
maps portray the base data, such as landforms, lines of
transportation, settlements, and political boundaries for
their own sake [10].

Thematic maps also emphasize spatial variation of one
or a small number of geographic distributions. These
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Signal Processing based image geometry correction is the
most flexible form of this technology, enabling the
correction of images that originate from ANY graphics
controller platform. The drawback of  based Image
Geometry Correction is the extra expense of the hardware
that is used to perform it. This extra expense can be



distributions may be physical phenomena such as climate
or human characteristics such as population density and
health issues. Barbara Kitchenette described the difference
as "in place, about space." While general reference maps
show where something is in space, thematic maps tell a
story about that place [11].

Thematic maps are sometimes referred to as graphic
essays that portray spatial variations and interrelationships
of geographical distributions. Location, of course, is also
important to provide a reference base, where selected
phenomena are occurring [12].

Types of Thematic Maps

Although cartographers can use these datasets in many
different ways to create thematic maps, there are five
thematic mapping techniques that are used most often.
The first and the most commonly used of these is the
chloroplast map. This is a map that portrays quantitative
data as a colour and can show density, percent, average
value or quantity of an event within a geographic area.
Sequential colours on these maps represent increasing
or decreasing positive or negative data values. Normally,
each colour also represents a range of values [13].

Proportional or graduated symbols are the next type of
map and represent data associated with point locations
such as cities. Data are displayed on these maps with
proportionally sized symbols to show differences in
occurrences. Circles are often used with these maps, but
squares and other geometric shapes are suitable as well.
The most common way to size these symbols is to make
their areas proportional to the values to be depicted with
mapping or drawing software [14].

Another thematic map is the isarithmic or contour map
and it uses isoclines to depict continuous values like
precipitation levels. These maps can also display three-
dimensional values like elevation on topographic maps.
Generally, data for is a rithmic maps are gathered via
measureable points (e.g. - weather stations) or collected
by area (e.g. - tons of corn per acre by county). Are arithmic
maps also following the basic rule that there is a high and
low side in relation to the isoline? For example in elevation
if the is online is 500 feet (152 m) then one side must be
higher than 500 feet and one side must be lower. A dot
map is another type of thematic map and uses dots to
show the presence of a theme and display a spatial pattern.
On these maps, a dot can represent one unit or several,
depending on what is being depicted with the map [15].

Finally, dasymetric mapping is the last type of thematic
map. This map is a complex variation of the chloroplast
map and works by using statistics and extra information
to combine areas with similar values instead of using the
administrative boundaries common in a simple chloroplast
map [16].
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Change Detection

Change detection algorithms analyze multiple images of
the same scene – taken at different times – to identify
Regions of change. The ability to detect regions of change
in images is a powerful tool that can be used in a diverse
range of applications including Military surveillance,
environmental baseline monitoring, land use change
analysis, crop Stress detection, assessment of
deforestation, disaster management (e.g., monitoring of
Changes during flooding), ice monitoring, medical diagnosis
and treatment, and urban Planning. AUG Signals has
developed several advanced change detection algorithms
that may be applied to multiple applications.

The objective of change detection algorithms is to take
a set of images of the same scene taken at different times
and identify the pixels that are different between the
images. A key issue is the determination of thresholds for
identifying when a significant change of interest has
occurred. The requirements for the sensitivity of the
change detection are based on the application and data.
Another key issue is that changes resulting from noise,
sensor motion, variances in lighting, atmospheric effects
and other similar factors should not be included in the
changes identified by the algorithm. Changes that are of
interest typically result from the appearance,
disappearance, motion or change in the shape of a target
object. Objects can also change in brightness or colour.
Each application may have a different type of changes
that it is would be of significance [17].

Change detection may analyze images based only on the
pixel amplitude, both the magnitude and phase, or on
transformed pixel values. AUG Signals has implemented
many well-known Change Detection Techniques including
image differencing, image rationing, image regression,
Principal Component Analysis (PCA), wavelet
decomposition and change vector analysis [18].

Theme 2: Agriculture Landuse
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Multi-layer Change Detection

One promising technique that AUG Signals have developed
for topographic applications is automatic multi-layer
change detection. In this method, the images are separated
into different Layers through an image segmentation

Class 2001

Super Class 2001

Invert Class 2001

Invert Class 1990

Theme 2: Agriculture Landuse

transformation. Change detection analysis is evaluated
between corresponding layers, instead of over the entire
image. Using this technique, the study of changes is simpler
and all unnecessary information has been eliminated
through the transformation. The content of the layers is
generated based on the application. Each layer should
contain only part of the information of interest [18].
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Invert Class 1976

Conclusion

It is believed that all the agricultural structure, from
government to public, has to be re-organized for
sustainable use of the natural resources. A comprehensive
new agenda is needed to protect the sustainability of the
ecosystem and to prevent land degradation and
desertification.

The relevant Government agencies need rational land use
planning at a national level with the purpose of the
conservation of the high quality lands and landscape.
However, the lack of information on land use planning
for all cities should be urgently solved. Legislation for
preventing desertification together with developing an
increased awareness for the participation of the people
in combating desertification. Education of farmers
particularly for the implementation of environmental
friendly agricultural practices should be undertaken as
specified by the OECD. Thus, with appropriate legislative
precautions and economic subsidies the soil and water
resources will most probably be sustainable used in spite
of the pressure of increasing population. However, the
negative factors governing the development of
desertification seem to be hard to cope with. This
eventually leads to the increasing hazards of erosion,
salinity and depletion of nutrients. Thus, the degradation
of the agro-ecosystem causes the loss of soil and land in
the country. The recent decrease in the traditionally high
wheat production of Iraq is a good example of the
drawbacks of  developing land degradation.

According to the data of the Ministry of Agriculture of
Iraq, there will be High percentage decrease in the wheat
production of Iraq in the next decade. Although Barley is
a fundamental component of the annual cereal production
of Iraq, no trend has been noticed to increase its
production.  Iraq has long been known as a country in
which agriculture production plays a significant role in its
trade and which is self-sufficient in its demands for
agricultural products and even known as an exporting
country in Past. Especially for wheat and Barley, Iraq are
becoming an importing country, indicating that it will
become more dependent on other countries with respect
to main agricultural products over the next decade which
means that Iraq will be not Active in the field of food
security.

Military activities in all forms are they bombing, building
trenches, or the use of heavy machinery, have damaged
the surface layer of soil in all parts of Iraq and especially
in its desert areas. Plant cover in the desert, which was
grown over the years, has been damaged. This plant cover
cannot be restored without launching scientific
programmes on a wide scale. The mass migration (ca.
500.000 people) from southern Iraq following the Gulf
War in 1991 has been reported by the Government to
have created severe degradation of the natural resources
of southern Iraq.

Iraq is one of the countries, which has considerable
experience in the development of land reclamation
processes (i.e. pasture plantation and reforestation).
However, these activities could not be adequately
performed due to the lack of socio-economical conditions.
The analyses of global climate changes have indicated
that in the next fifty years, the factors increasing
desertification will be more effective than the efforts to
mitigate desertification. Within the framework of the
international desertification program, priority should be
given to concepts such as cooperation between countries,
providing financial, technical and technological supports.
Moreover, research focusing on the development of water
saving technologies against desertification should be
encouraged. In future, desalination of drainage water,
development of irrigation technologies, and the usage of
salt-tolerant genetically modified plant species will be
extremely important in the attempts to preventing land
degradation.

In addition to the recent war and destruction that
accompanied the Department of State by the U.S.
occupation troops and its war machine on the agricultural
land also contributed to terrorism over the past years
through the forced displacement of peasants from their
villages and leave them to the farmland without the
service or the exploitation of her, which led to the
displacement of thousands of peasants and change the
type of business that they practice to make a living, all of
this and other reasons led to the low productivity of
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agricultural land, land degradation and desertification of
large areas of agricultural land.
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Abstract:

The World Food Summit of 1996 considered food security
as existing “when all people at all times have access to
sufficient, safe and nutritious food to maintain a healthy
and active life”. Commonly, the concept of food security
is defined as including both physical and economic access
to food that meets people's dietary needs as well as their
food preferences. In many countries, health problems
related to diet are an ever increasing threat. In fact,
malnutrition and food-borne diseases are becoming more
critical.

In this context, two of the technological aspects in
agricultural systems can be identified. The first aspect is
the use of precision agriculture to maximize crop yields.
Precision agriculture, or Variable Rate Technology (VRT),
combines the tools of Global Positioning System (GPS)
technologies,remote sensing tools, Geographic Information
Systems (GIS) data, communications, and spatial statistics
to identify variations within an agricultural field that can
be considered individual management units. The second
aspect is the avoidance or mitigation of food crises and
famine in areas reliant on subsistence agriculture.

Sudan, being an under-developed country, still has not
established its own Famine Early Warning System Network
(FEWS NET) programs; which recognize the utility of multi-
temporal remotely sensed data for consistent and accurate
crop identification, and firmly acknowledge the feasibility
of using multispectral and multi-temporal data and digital
analysis techniques for crop identification and aerial
estimations.

Crop yield assessment is a determinant and essential
factor in the process of securing food. Therefore, this
paper investigates about the use of multi-temporal Landsat
data for the crop yield estimation at certain locations of
the study area. Crop yield at these locations was actually
measured in the field using the Global Positioning System
to capture the coordinates of the locations.

The results of the in-situ crop yield measurements were
compared to each of the NDVI values and the Digital
Number Values (DNVs) of band 4 of Landsat image at the
same locations and they were found directly proportional,
especially the DNVs of band4 and the in-situ crop yield
measurements.

It is concluded that satellite technologies can be effectively
used for crop yield prediction and assessment based on
the Infrared reflectance values in addition to some other
related factors.
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Satellite Technologies in Favour of Food Security –
CASE STUDY: Sinja Locality – SUDAN

Al-Tayeb Yahya Hasan; Hamid, Amna Ahmed ;Mohamed, Gar alnabi Ibrahim

Introduction

1.1. Background

The United Nations Environment Programme says that
major threats to the planet such as climate change, the
rate of extinction of species, and the challenge of feeding
a growing population are among the many problems that
remain unresolved, and all of them put humanity at risk
[1].

The World Food Summit of 1996 considered food security
as existing “when all people at all times have access to
sufficient, safe and nutritious food to maintain a healthy
and active life”. Commonly, the concept of food security
is defined as including both physical and economic access
to food that meets people's dietary needs as well as their
food preferences. In many countries, health problems
related to diet are an ever increasing threat, in fact,
malnutrition and food-borne diseases are becoming more
critical [2].

In this context, two of the technological aspects in
agricultural systems can be identified. The first aspect is
the use of precision agriculture to maximize crop yields.
Precision agriculture, or Variable Rate Technology (VRT),
combines the tools of Global Positioning System (GPS)
technologies, remote sensing tools, Geographic
Information Systems (GIS) data, communications, and
spatial statistics to identify variations within an agricultural
field that can be considered individual management units.
The second aspect is the avoidance or mitigation of food
crises and famine in areas reliant on subsistence
agriculture.

1.2. Research problem

It is known that the entire world is facing either food
shortage or – at the best – high prices of good, healthy
food due to several interacting factors including – but are
not limited to – global climate change, population growth,
and deterioration of crop yield.

In the case of Sudan, this problem is even more critical
because the situation is aggravated by the unjustifiable
armed conflicts between South and North Sudan; which
represent an obstacle to all human activities, in both
Sudan countries, such as farming, animal breeding,  etc.
Therefore, food production should be carefully monitored
as a step on the road towards clearing the deterrent
obstacles.
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1.3. Research Objective

To investigate the potentiality of using space technologies
for monitoring crop yield in Sinja locality, Sudan, as a pilot
study area.

2. Methodology

2.1.The study area

The study was carried out within the administrative
boundaries of Sinja locality[3], which is situated between
longitudes 32.490°E and 34.941°E and latitudes 11.658°N
and 13.482°N covering an area of 13,742 Km2.

Fig. (1) Location Map

2.2. Materials

The following materials were used in this research:

1.The Landsat Enhanced Thematic Mapper Plus sensor
(ETM+)  image[4] ,  acquired on 01-07-2011.

2.Crop cutting data table in Excel sheet containing the
coordinates of the harvested locations captured by a GPS
device in addition to the mean crop yield at each location.

Theme 2: Agriculture Landuse
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Fig. (2) Research plan flow chart

As shown in Fig. (2), the flow of the research activities
was as follows:

Landsat image p172r51, covering the study area, was
downloaded from the open source (USGS website). Field
data were collected and entered in a Microsoft Office
sheet as a table containing the following columns, in
addition to others: coordinates of points where crop
cutting had taken place, average crop yield amount at
each location, date of crop cutting, …etc.

The image was subset using the boundary of the study
area, processed and the Normalized Difference Vegetation
Index (NDVI) was produced.

Using the field data in the Excel sheet, a point shapefile
was produced showing the locations where the crop was
cut. This point shapefile was then overlaid on the produced
NDVI surface and the NDVI Values at all locations of crop
cutting were obtained by applying the tool (3D Analyst
Tools| Functional Surface | Surface Spot) of ArcGIS 9.3.

The InfraRed reflectance values were obtained at all crop
cutting locations, in a similar manner as done for getting
the NDVI values, using Band 4 of the Landsat image as a
background on which the crop cutting point shapefile was
overlaid.

Finally, the Geostatistical Analyst was applied to produce
the Quantile-Quantile plot in order to display and compare
the results. Moreover, the Microsoft Excel was used to

produce a chart for the purpose of comparison. From the
attribute table of the crop cutting point shapefile the
frequency distribution of each of the NDVI, InfraRed
Reflectance, and Crop Cutting values were produced and
the standard statistical controls were investigated.

2.4. Tools

2.4.1. Microsoft Excel
2.4.2. ArcGIS 9.3 including the extension: Geostatistical
Analyst and 3D Analyst.
2.4.3. ERDAS imagine 8,5.
2.4.4. GPS navigator, Garmin map 60.
2.4.5. Laptop HP550, Intel (R), Celeron (R) CPU 2.00 GHz
@ 550 RAM 0.99 GB, 1.99 GHz.
2.4.6 Printer: HP LaserJet 1320 and Plotter: hpdesignjet
500.

3. Results And Discussion

3.1: Result obtained from the crop cutting activities was
presented in Fig. (3), which shows the spatial distribution
of the crop cutting locations in the field, in addition to an
interpolated surface produced to assist in providing a
synoptic view of the crop cut in the study area.

2.3. Method
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3-2: Results obtained from the statistics of the mean yield,
NDVI and digital numbers of the Landsat image band 4
are shown in Figures (4), (5) and (6).

Fig. (3) Spatial distribution of crop cutting locations

Fig. (4) Statistics of the mean yield Fig. (5) Statistics of the NDVI

Fig. (6) Statistics of band 4 digital numbers
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3-3: Results obtained from the graph created for the three
types of data (mean Yield, NDVI and digital numbers of
Landsat image band 4), using Microsoft Excel, are shown
in Fig. (7). The graph reveals a strong correlation between
the amount of the cut crop and the digital numbers of

band 4 of the Landsat image, especially in the right side
of the graph. There are some anomalies in the left side
of the graph; which can be attributed to some other
factors encountered in the field with respect to proper
crop cutting, yield collection, etc.

Fig. (7) Graph of crop cutting data, NDVI and band 4 digital numbers

3-4: Results obtained when using the Geostatistical Analyst
| Explore Data | Normal QQPlot function are shown in
Figs. (8), (9) and (10).  The Normal QQ Plot is constructed
by plotting the quantile values for the selected attribute
versus the quantile values for a standard normal
distribution, where their cumulative probabilities are
equal. The Normal QQ Plot is used to assess the similarity
of the attribute's distribution to that of a univariate normal
distribution.

Comparing the three graphs in Figs. (8), (9) and (10), it is
clear that there exists a stronger similarity between the
distribution of the mean crop yield and the digital numbers
of the landsat image band 4 (the infrared band from 0.77
to 0.90 ?m) compared to that between the distribution
of each of these two attributes and the distribution of
the NDVI.

Fig. (8) Graph of the Normal QQ Plot for the crop cutting data
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Fig. (9) Graph of the Normal QQ Plot for the NDVI

Fig. (10) Graph of the Normal QQ Plot for band 4 Digital Number Values

4. Conclusions and recommendations

1. Landsat image (band 4, the infrared band) gives an
obvious indication of the expected average crop yield.
2. Since the Landsat images can be downloaded free of
charge from the internet (public domain) and their spatial
resolution is adequate for such application as well as their
temporal resolution is very suitable for crop monitoring,
it is a good idea to monitor the expected crop yield using
such type of data and the technique outlined in this paper.
3. Adopting this technique of crop yield monitoring will
represent a useful way of establishing a food insecurity
early warning system. Thus; if the predicted crop yield is
less than enough, then the necessary precautionary
measures may taken.
4. Detailed studies of the spectral reflectance features of
the crops throughout the crop growth period is needed,
as these studies help in better understanding of the crop
growth profile and the crop condition assessment.
5. The accuracy of the estimates can be further improved

by the use of multidate imageries instead of single date
remote sensing data.
6.The information acquired through the use of remote
sensing techniques in this field will reduce human errors
due to the unbiased nature of the remote sensing data.
Reducing the error in estimates will lead to improvement
in decisions taken regarding inventory  management,
price  fixation,  import  and  export  decisions  based  on
improved  estimates  even  before  the  crop  is  harvested.
Thus, applying remote sensing techniques to crop yield
or production estimation can result in greater socio-
economic and other benefits to the community.
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Monitoring Food Security using Hypertemporal Remote Sensing and Crop
Growth Modelling

Abstract:

Policy makers, responsible for food security and land use
planning, need accurate and timely information on crop
areas and crop production at regional levels. Currently,
governments and international organizations such as the
Food and Agriculture Organization of the United Nations
(FAO), the EUROpean STATistical Office (EUROSTAT) and
the United States Geological Service (USGS) compile and
distribute statistical data on crop areas and production.
Such data are often tabular data sets pertaining to
administrative units, providing area and production totals,
but without any indication of the spatial distribution.
Consequently, such information is insufficient for
monitoring of food security.

The objective of this study was to develop methods to
quantitatively monitor and map crop production systems.
We developed methods to generate agricultural land use
maps and crop yield maps by combining Remote Sensing,
Geographical Information Systems (GIS), crop statistical
data and crop models. Hypertemporal SPOT-Vegetation
(VGT) Sensor's 10-day composite Normalized Difference
Vegetation Index (NDVI) images (S10 product), at 1 km 2
resolution, were used to disaggregate agricultural land
use data in the form of crop maps showing fractions of
area cropped by grid cell. The NDVI images were used to
stratify the study areas in mapping units reflecting
homogeneity in space and time. The classification results
of SPOT-Vegetation NDVI images showed that the study
areas (Pakistan, Nizamabad, India and Andalucia, Spain)
can be stratified in distinct mapping units. These mapping
units were then related to reported crop areas by
administrative areas, and crop calendar information to
prepare specific crop area maps. The prepared maps
explained 98 % of the variability (Adj. R2 = 98 %). The use
of NDVI data also makes it possible to perform location
specific crop monitoring over time.

Later on an operational crop growth model, CGMS (Crop
Growth Monitoring System), of the European Union's
Monitoring Agriculture with Remote Sensing (MARS)
program was used for crop production estimation. CGMS
only reports after time-trend adjustments of simulations,
actual crop yields at country levels. In its present form
the model is run for whole of the territory and then the
results are aggregated by using the arable area map. This
hinders in getting the accurate estimates of specific crops.
In this study, the crop growth model was run by using
crop maps earlier developed by using remote sensing.
Using the trend adjustment logic, CGMS estimates at
province scale were derived. Comparison of the estimated
actual crop production province by CGMS with published

M R Khan, C A J M de Bie, A Stoelo, V Venus, E M A Smaling and M F Iqbal

agricultural statistics showed good agreement (R2 = 67
%; RSME= 41 Mg).

The CGMS system can be applied at finer scales and by
using the remotely sensed crop map the crop production
estimates can be improved. The use of hypertemporal
NDVI data is highly suitable to map crop areas through
data-mining of existing statistical data. NDVI data can be
incorporated in area frame sampling methods to compile
more efficient and accurate statistical data on crop areas.
It is demonstrated that the crop area and crop yield maps
generated in the study, can be used efficiently for
monitoring food security at regional levels.

Introduction

Agriculture, as the basis of the supply of food for the
human population, is one of the most important human
activities, its origin dating back to the Neolithic Revolution,
more than 10 000 years ago (Janick, 1974). Since then,
agriculture has developed substantially, while in the last
centuries the field of agricultural research has continuously
been advancing in response to the demands of human
society. Progress, however, has not been as smooth as
desired. The world has witnessed many food crises and
man has continuously been battling against hunger in
efforts to achieve food security. Food security exists “when
all people, at all times, have physical and economic access
to sufficient, safe and nutritious food to meet their dietary
needs and food preferences for an active and healthy life”
(FAO, 1983; World Food Summit, 1996).

Every generation has suffered hunger. Famines are always
there in the world and hence feelings of food insecurity
have always been part of human history. Food availability,
at times, becomes precariously low for the rapidly
increasing population.

The threat of imbalances in food supply and demand,
globally and/or locally, will continue to rise, as crop
production faces the challenges of climate change, limited
and dwindling resources, increasing energy needs and
energy prices and population growth. The focus of many
national and international organizations is on how to
minimize this threat, while guaranteeing sustainable use
of natural resources (Becker-Platen, 1976; IGOL, 2006;
Justice and Becker-Reshef, 2007).

Sustainable use of land, one of the main natural resources,
critically depends on continuous assessment and
monitoring of the status of the land resources. To reduce
the threat of local and/or temporary imbalances between
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food supply and demand, timely and accurate information
on areas of crops and estimates of their production is
needed. Policy makers, responsible for food security and
land use planning, crop insurance companies and
agricultural scientists need accurate and timely information
on crop production at regional level. Such information is
not only required to formulate policies aiming at food
security and land use planning, but also to assess the
success of policies implemented in the past. For trade
organizations, this is also a relevant information as a basis
for making decisions on trade volumes, trade flows and
price control as well as management of agricultural
markets.

In this context, knowledge on the areas devoted to the
various food crops is necessary baseline information for
regional, national and/or international food production
assessments. Such information should be regularly
updated to account for the seasonality in agricultural
production and for temporary or permanent agricultural
land use changes. The value and relevance of such
information substantially increase when it is geo-
referenced. Following establishment of agricultural land
use areas, regional crop production estimates are
necessary. Currently, such information is lacking, not
readily available and/or not compatible with other sources
of information such as soil maps, interpolated weather
data, thematic maps, etc.

Satellite remote sensing has enabled acquisition of land
use/land cover and vegetation information at different
spatial and temporal scales, including relevant information
on agricultural land use. Remote Sensing in combination
with Geographical Information Systems (GIS) and Global
Positioning Systems (GPS) can be used to assess the
characteristics and growth of vegetation. Vegetation
behaviour depends on its specific (physical, physiological
and biochemical) characteristics and its interactions with
the aerial and soil environments, characterized by weather
conditions such as solar radiation, temperature, humidity
and rainfall as well as the availability of plant nutrients
and (soil) water. Vegetation Indices (VIs) have been
extensively used for monitoring vegetation and land cover
changes (DeFries et al., 1995). Development of vegetation
indices is based on differential absorption, transmittance,
and reflectance of energy by the vegetation in the red
and near-infrared regions of the electromagnetic spectrum
(Jensen, 1996). Many remote sensing studies of vegetation
have focused on the use of spectral vegetation indices
such as the Normalized Difference Vegetation Index (NDVI)
and other simple ratios, calculated as combinations of
near infrared (NIR) and red reflectance.

Hypertemporal (long temporal sequences of regularly
acquired data) Remote Sensing data serve as an important
source of information on crops, because of their spatial
and temporal resolution. Such imagery meets the
requirements for land cover mapping at regional scale.

This study aimed at contributing to development of an
operational methodology for quantitative mapping and
monitoring of agricultural land use, including the
assessment of the possibilities for crop growth modelling
based on remotely sensed input data. The objective was
to develop remote sensing- and GIS-based methods that
result in timely availability of accurate agricultural land
use/land cover information, as required by agricultural
land use planners, policy makers, donor agencies and
crop insurance companies for a variety of purposes.

Firstly, we developed a method for generating spatially
explicit crop area maps by combining hypertemporal NDVI
images and primary field data. Secondly, we monitored
the crop performance by using the relative NDVI behaviour
over time. Lastly, we estimate crop production by using
the Crop Growth Monitoring System (CGMS) of the
European Union’s Monitoring Agriculture with Remote
Sensing (MARS) and earlier made crop maps.

Methods:

Study Area

The study is conducted for mapping and monitoring in
Pakistan. However, mapping, monitoring and crop
production was estimated using CGMS in Andalucia, Spain.

Data Used:

Following data sets were used in the current study.

· SPOT S-10 NDVI Product
· MODIS NDVI Product
· Admin area maps
· Field Survey Data comprising 700x700 meters polygon

The iterative self-organized unsupervised clustering
algorithm (ISODATA) of the ERDAS Imagine software was
used to derive spectral classes from NDVI image data
layers of two study areas including Pakistan and Andalucia,
Spain. The optimal runs with clear distinguished peaks in
the divergence separability were selected for further
studies (de Bie et al., 2011; Khan et al., 2010).

Later on, the area of each NDVI-class for the agricultural
areas in every administrative unit was calculated through
GIS analysis.  The agricultural area covered by each NDVI-
class in every municipality as explanatory variable and
the crop area in the field segments as dependent variables
were used to estimate an additive multiple linear function
that relates for a particular crop the reported cropped
areas to the areas of the NDVI-classes. This was estimated
through step-wise forward multiple regressions with no
constant and coefficients constrained between 0.0 and
1.0 because the cropped area in a municipality can neither
be in negative nor more that 100 percent of the
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municipality area. The coefficients of the resultant model
were then used to map specific crop areas.

The Crop Growth Monitoring System (CGMS) was used
to estimate the crop yield in Andalucia. The CGMS is used
by the European Commission’s MARS program. The core
of CGMS is the WOFOST crop growth simulation model
which is combined with a Geographical Information System
(GIS) and a yield Prediction Routine (Boogaard et al.,
2002). CGMS comprises three main components (Fig. 1):

Fig. (1) Schematic overview of yield prediction in CGMS
(Modified after: http://supit.net/main.php?q=aXRlbV9pZD02Mg==)

Estimated potential and water-limited yields by CGMS for
a 5 x 5 km grid (2001) were obtained from the Ministry
of Agriculture and Fisheries, Andalucia. After up-scaling
yield data per grid to total production at province level,
adjustments were introduced through time trend analysis
using historical rainfed wheat production data (1990-
2000). Through multiple linear regressions a second degree
polynomial function was used to adjust for the time trend
and to convert water-limited production to actual
production, as suggested by Dennett et al., 1980; Vossen,
1990, 1992; Palm and Dagnelie, 1993; Supit, 1997 and
JRC, MARS STAT 2004.

Results and Discussion:

Image analysis results showed that Pakistan can be
stratified into 70 and Andalucia, Spain into 45 NDVI based
mapping units (Figure 2).

(a) Pakistan stratification using MODIS NDVI

(b) Andalucia stratification using SPOT NDVI

Fig. (2) NDVI classification results

For Andalucia, Spain the statistical analysis was run to
estimate the crop area maps as shown in Figure 3 (Khan
et al., 2010). The NDVI profile of rainfed wheat shows
that we can use such results for efficient monitoring
purpose (Figure 4). Figure 4 shows that the method was
successful in depicting the adverse decline in rainfall,
which resulted in a severe drought in 2005 and ultimately
the decline in production.

Fig. (3)  Estimate Rainfed Wheat Map
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Fig. (4) The Most relevant NDVI profile of Rainfed wheat

Figure 4 also shows the average annual NDVI profile for
rainfed wheat along with the annual production of rainfed
wheat (2003-2006). Red figures show the production (000
tons) of Rainfed wheat reported by Ministry of Agriculture
and Fisheries, Andalucia.

Estimated rainfed wheat production by CGMS shows good
agreement with the reported values at province level (R2
= 0.98). The regression lines for both models are close to
the 1:1 line as shown in Figure 5.  The root mean square
error (RMSE) of the production estimates of CGMS was
41 Mg (21% of the mean). This study demonstrates that
remotely sensing estimates of crop areas can be used in
the CGMS, whereas, in previous studies the model was
being run for whole of territory. This not only saves time
but also gives better results.

Fig. (5) Comparison of estimate production with those of
published statistics

Conclusion

The present study concludes:-

NDVI are suitable for mapping crop area and thus can be
used for producing specific crop area maps.

Use of NDVI can make area frame sampling based statistical
data more reliable.

The use of presented classification procedure and
consequently the method applied to make specific crop
area maps can enable us in performing location specific
crop monitoring.

Such studies can be successfully incorporated in existing
drought monitoring systems.

Remote sensed crop area maps can be used in operational
crop production estimation systems instead of using the
arable area statistics/maps.

CGMS, which is an operational crop production estimation
system can be successfully downscaled at province level
instead of country level; there by, helping the policy
makers in food security at (sub) national scales.

This type of studies can help policy makers in the field of
food security to make prompt decisions regarding their
respective food policies.
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Abstract

Bangladesh is an agricultural country. About 80% of the
total population is depending on agriculture. Rice is our
main crop. It has three types namely Aus, Aman and Boro.
The Area of Aman 52.46% is higher than that of Boro
36.43% and remaining area is of Aus. SPARRSO has been
successfully monitoring Aman and Boro rice for last two
decades. Due to less percentage of Aus rice area and
planting time mostly in monsoon period no one has
monitored it regularly. But accurate and timely information
on Aus growth and their acreages are essential for
strengthening countries food security. Conventional
methods of collecting this information are relatively costly
and time consuming. Contrarily, satellite observation with
its unique capability to observe the earth's surface
repeatedly over large area offers a potential means for
country scale monitoring of crop condition. The optical
remote sensing NOAA, Terra/Aqua, SPOT, Landsat images
are not so enough for temporal monitoring of Aus rice
due to cloud cover in monsoon period. RADARSAT data
are very much useful for such purpose, but data are not
available being very expensive. However, a study of Aus
rice monitoring MODIS and 16-days composite NDVI
images at 250 m resolution may be effectively used. The
underlying idea of using 16-day composite NDVI images
is that there is a good possibility of getting cloud free
images every after 16 days. Masked layer of settlement,
river and non-crop areas have been applied to get the
actual acreage of Aus plantation from composite NDVI
images.

In the above context, an attempt was made to construct
the temporal and spatial growth profile of Aus rice of
2010 over Barisal region of Bangladesh using MODIS and
16-day composites NDVI data. For identifying the temporal
and spatial growth profiles, representative numbers of
sampling sites were selected from the temporal composite
of NDVI images. This study reveals that about 263011
hectares areas have been found in Barisal region, under
Aus rice cultivation in 2010.

Keywords: Accurate, acreage, conventional, Satellite
observation, MODIS, NDVI

1. Introduction

In Bangladesh, rice occupies a very important position in
maintaining food security of the country. It has three types
namely Aus, Aman and Boro. The area of Aman rice (52.46%)
is higher than that of Boro (36.43%) and remaining area
is of Aus (Yearbook of Agricultural Statistics of Bangladesh,
2010). Aus and Aman are rain fed and their production

largely depends on southwest (SW) monsoon rainfall and
Boro is irrigated.

Extreme high rainfall in monsoon season causes floods
and lack of adequate rainfall droughts reduceing the Aus
rice production. Being a highly populated poor country,
these natural clamities, render hardship and suffering to
the people. Reliable and timely information on agricultural
crops particularly of rice is an important input for the
policy and decision makers dealing with the strategic
planning for price fixing, procurement, storage,
transportation, distribution of rice crops etc.. Remote
sensing technology has been successfully utilized for
monitoring the Aman and Boro Rice areas in Bangladesh
by Space Research and Remote Sensing Organization
(SPARRSO) since long time. Due to less percentage of Aus
rice area as compared to Aman and Boro and planting
time mostly in monsoon period no one has monitored it
regularly. But accurate and timely information on Aus
growth and its acreages is, essential for strengthening
countries food security.

Timely availability of cloud-free satellite data is a major
constraint particularly in monsoon season, when the sky
often remains overcast. The optical remote sensing NOAA-
AVHRR and Terra/Aqua-MODIS raw images are not quite
enough for temporal monitoring of Aman rice due to
cloud cover in monsoon period. Landsat and SPOT data
are also not frequent enough for monitoring changes in
crop parameters during the critical crop growth periods,
because data of these sensors have an interval of 16 and
26 days respectively. RADARSAT data are very much useful
for such purpose, but data are not available being very
expensive. So; monitoring of Aus rice, using Moderate
Resolution Imaging Spectro-radiometer (MODIS), 16-day
maximum-value composite and Normalized Difference
Vegetation Index (NDVI) images at 250 m resolution, is
useful for this purpose. The underlying idea in adopting
a 16-day compositing strategy is that, there is a good
possibility of getting a cloud-free occasion in every 16
days time period in a particular season. Various studies
have been performed for monitoring the crops, using
MODIS maximum value composite time series data (Apan,
A., et. al. 2002; Fensholt. R. et. al. 2005; Kevin, G, et. al.
2005; Pei Y. C. et. al. 2006; Rizzi R. et. al. 2006, Sarker M
H et. al. 2011).

In the present research, an attempt has been made to
construct the temporal and spatial growth of Aus rice 2010
over Barisal region of Bangladesh based on MODIS and
16-day composites NDVI incorporated with GIS and GPS.
The temporal growth pattern is the growth curve of the
crop representing the growth of crop in its full life cycle.

Temporal Monitoring of Aus Rice Using MODIS 16 Days Composite NDVI
Data for Food Security: A Study Over Barisal Region of Bangladesh

M H Sarker, M Nessa and S Alam
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The spatial growth pattern reveals the cropping practices
of a particular crop in a specified area for a particular crop
season. Masked layers of settlement, river and non-crop
areas have been applied to composite NDVI images for
generation of actual Aus rice plantation area

2. Characteristics of MODIS-16 days composite NDVI

In the present study, we have utilized the Normalized
Difference Vegetation Index (NDVI), a commonly used
band combination as follows (Tucker et al., 1985, Goward
et al., 1985):

NDVI = (Pnir – Pvis)/(Pnir + Pvis). Here Pnir – Pvis   are spectral
responses of the pixel in near infrared and visible region
of the solar spectrum corresponding to band 1 and band
2 respectively of Terra/Aqua-MODIS. The strong correlation
of NDVI with vegetation characteristies is due to the near
infrared radiation being strongly reflected by the green
vegetation, while the visible red radiation is strongly
absorbed by chlorophyll pigment. NDVI has a range of
–1.0 to +1.0. Area without or with low vegetation cover
(such as bare soil or urban area) as well as non-photo-
synthetically active vegetation NDVI value is relatively
less. NDVI values near zero or negatives are observed for
clouds, shadows, snow and water. At the beginning of the
growing season, NDVI values for the vegetation areas are
close to zero. The NDVI values increase gradually with the
increase in the vegetation cover; thus, observing changes
in the NDVIs can monitor the development of vegetation
during growing season. If there is a decline in the
photosynthetic activity, the NDVI values will decrease
accordingly.

The underlying idea in adopting a MODIS-16days
composite NDVI strategy is that there is a good possibility
of getting a cloud-free occasion in every 16 days time
period in a particular season. The data are available on
website http://edcimswww.cr.usgs.gov/pub/imswelcome.
A time series smoothing technique developed by Swets
et al. (2005) was used to smooth NDVI composites for the
years 2000 through 2005. This smoothed time series was
used to derive a 6-year mean NDVI on a pixel-by-pixel
basis for each of 23 composite periods (There are 23
composite periods per year).

3. Data and Software Used

3.1 Data Used

Terra-MODIS and 16-day composite 250-meter resolution
NDVI data have been used during the period from late
May to September for the year 2010. The composite data
sets are Julian day129 for the time period May 8 to May
23, day145 for May 24 to June 09, day 161 for June 10 to
June 24, day 177 for June 25 to July 10, day 193 for July
11 July 27. Each data set contains two frames to cover
Bangladesh. These frames are h25v06 and h26v06.

LANDSAT-TM data for the year 2010 have been used for
generation of forest, river and urban areas.

3.2  Software Used

   ERDAS 9.3 for image processing
   ArcGIS 9.1 for GIS analysis
   MRT Swath and MODIS tool for Re-projection of MIDIS
data

4. Study Area, Crop and Crop Seasons

4.1 Study Area

The study area covers Bangladesh extending from 23.10
N to 21.50 N latitudes and from 89.30 E to 90.35 E
longitudes. It is South of Bangladesh and North of Bay of
Bengal. Figure 1 shows the study area in Bangladesh map
in magenta color.

4.2 Crop and Crop Seasons

Bangladesh grows a wide variety of crops, which are
broadly classified, according to seasons in which they are
grown, into three categories, namely (a) Kharif 1 (March
16 - May 15); (b) Karif 2 (May 16 - October 15) and (c)
Rabi (October 16 to March 15) seasons. Kharif crops are
grown in the spring or summer season and harvested in
late summer or in early winter. Kharif crops include Aus,
Aman and Boro rice. Aus rice is planted in April to May
and harvest in July to August (BBS).
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5. Procedure of Data Generation

Construction of temporal and spatial growth profiles of
Aus rice involves pre-processing of MODIS data, generation
of mask for settlement, rivers and non-crop areas,
extraction of NDVI images of Bangladesh. Procedures are
shown in Figure-2.

selected study area from June 25, 2010 image. Other
images during Aus season of 2010 have also been
generated in a similar way. The generated NDVI time
series images contain settlement, river and other non-
crop areas also.

5.1 Generation of NDVI image of  Bangladesh

Temporal monitoring of Aus rice NDVI images of
Bangladesh has been generated from MODIS and 16-day
composite 250m-resolution NDVI data during the period
May to August for the year 2010.

The data are normally in HDF format. It is not compatible
in ERDAS imagine or ENVI software. So, MODIS Re-
projection Tools (MRT) has been used for (i) separation
of individual bands, (ii) convert HDF format to ERDAS
format (TIF) as well as geo-referencing. In geo-
referencing/re-sampling the following projection
parameters have been used. Projection: Sinusoidal
geographic, Spheroid: WGS 84; Datum: WGS 84; Radius
of sphere: 6371007.18100 meters; Longitude of center
of meridian: 0.00000 degree; False Easting: 0.00000
meters; False Northing: 0.00000 meters.

As mentioned in section 3.1 that the data for Bangladesh
has two frames. We made it in one by using mosaiced
module in ERDAS software and also converted TIF format
to IMG format during this option. Using International
boundary of Bangladesh in GIS layer, the area has been
extracted from the image. Subsequently study areas
(Barisal region, Bangladesh) have been extracted from
AOI layer of study area. Figures 3a and 3b show an example
of extracted NDVI image of Bangladesh and

5.2 Generation of mask for settlement and non-crop
areas

In some cases the response of settlement canopies and
that of Aus rice were similar. In this case the settlement
areas from MODIS data cannot be separated from the
crop areas, using digital classification technique. As
settlement is generally a permanent feature, settlement
areas were removed from the images using masks
generated through digitization of high-resolution images
(Landsat-TM with the ground resolution of 30 meter) and
urban areas have been collected from database of
SPARRSO.

Fig. (2) Flow-chart of construction of Temporal
growth profiles

Fig. (3a) Generated NDVI image of Study area June 25,
2010 and eight selected sites

Fig. (3a) Generated NDVI image
of   Bangladesh September 1, 2010
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between 40-60% and when NDVI value is from 0.6 to
0.75, the pixel is covered with Aus rice areas between 60-
80%. The different classes of Aus rice (Aus1– Aus4)
obtained from the images of July 25 were used as masks
for obtaining these classes in the other images in the time
series. In this way, the classification of Aus rice having the
same merit as obtains in July 25 images were transferred
to images of other dates. Figures 4a, 4b, 4c, 4d, 4e, and
4f show the classified NDVI images of May 08, May 24,
June 09, June 25, July 11 and July 27 respectively.
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5.3 Classification of Aus Rice Areas Based on
Percentage of Crop Coverage in NDVI Images.

The objective of this classification is to generate classes
of Aus rice having different percentage of crop coverage.
Classification was carried out on the images on June 25,
as the spectral response of Aus rice was maximum in
these images and helped to identify the different classes
easily.

5.3 Classification of Aus rice areas based on
percentage of crop coverage in NDVI images.

The objective of this classification is to generate classes
of Aus rice having different percentage of crop coverage.
Classification was carried out on the images on June 25,
as the spectral response of Aus rice was maximum in
these images and helped to identify the different classes
easily.

A decision tree classification scheme was employed for
the classification of Aus rice. The threshold value of each
sample cluster in the NDVI images was determined from
the knowledge of crop coverage obtained during GPS
based field visit. The scheme was applied to the images
after masking-out the settlement and other areas. Principle
chain of the decision tree contains three classes named
water, bare soil/non-vegetation mixed area and Aus rice.
The Aus rice is split into four classes and each contains
different percentage of Aus rice coverage. Water area
was separated very easily by the negative value of NDVI.
The bare soil areas were also easily separated by the lower
NDVI values (0.0 to 0.15). The remaining vegetation groups
were identified by relatively higher values of NDVI. The
higher the value of NDVI, the higher is the percentage
coverage of green vegetation within the pixel. When the
pixel has NDVI values higher than 0.75, the pixel is covered
with Aus rice higher than 80%. When NDVI value is from
0.15 to 0.4, the pixel is covered with Aus rice areas less
than 40%. When value is from 0.4 to 0.6, the pixel is
covered with Aus rice areas covered with Aus rice areas

5.4 Generation of layer stack

In order to generate the temporal growth profiles during
the period from May 28 to September 1 based on MODIS-
16day composite NDVI, the NDVI images were stacked to
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form a data layer for the year 2010. The stacked images
contain six NDVI images (May 08, May 24, June 09, June
25, July 11 and July 27) for the year 2010. Figure 5 shows
the FCC of layer stack.

5.5 Field Data Collection, Verification and
Incorporation

To verify the classified image of 16 days composite NDVI
of October 16 (maximum growing period), a field survey
has been conducted.  During field visit, information aimed
at accuracy of classified image of Aus rice areas based on
percentage of crop coverage and also water class was
collected. This was collected as a sample. During field visit
Differential GPS have been carried. The information of
water areas was found highly accurate and percentage of
Aus rice areas little bit different. Differential GPS was used
for collection of field-wise information on crop/cover
types. GPS coordinate of around 20 points of study area
have been collected. After the fieldwork, field data have
been incorporated into MODIS-16days composite NDVI
time series data according to information collected from
field and for final analysis these were brought into ERDAS
environments. Table 1 shows the Aus rice area of Barisal
region in 2010.

6. Results and Discussions

6.1 Identification of the Areas of Aus Rice

Based on the classified NDVI images during May 28 to
September 1, 2010; it is clearly seen in Figures (4a-4f)
that there are four crop classes according to percentage
of crop coverage already described in section 5.3. In the
Figures (4a-4f) dark green and blue colors show settlement
mask/non-crop area and water respectively. It is seen
from the Figures (4a-4f) that more percentage of crop
coverage appeared in June 25 as compared to other
images. Red color shows percentage of crop coverage
more i.e. greater that 80% crop coverage. Progressive
increase of red color in Figures (4a-4f) continued up to
June 25 and then gradually decreased in July due to
ripening of Aus rice. It is seen from the image of July 25
that red color disappeared from most of the part of the
image due to harvest of Aus rice but some part of the
images shows red color due to newly growing of
vegetation, these are also the areas of Aus rice, which are
planted late.

Table-1. Aus rice area of Barisal region in 2010

Region Aus rice area estimated
from Images (hec)

Aus rice area collected
from office (hec)

Different
(%)

Barisal 263011 263765 0.26%

Source: Yearbook of Agricultural Statistics of
Bangladesh, 2010.

5.6 Generation of Temporal Crop Growth Profiles

Spectral profile was generated from layer stacks throughout
the season early May to late July for the year 2010. The
spectral profiles have been taken according to the sites
mentioned in Figure-1. 3X3 window and mean value have
been considered during the construction of spectral profiles
derived from generated layer stacks. In this way we can
easily identify the increase and decrease of crop growth
condition in a specified time over the study areas.

6.2 Analysis of Temporal and Spatial Growth Profiles of
Aus Rice

For an analysis of temporal and spatial growth profiles,
eight sites have been selected for number of sample
clusters. These cluster masks were then used for obtaining
mean NDVI value of each sample cluster in the NDVI time
series data. By plotting the mean NDVI values of a sample
cluster of the whole time series, the temporal growth
patterns for the crops have been constructed. According
to the procedure described earlier, each sample cluster
for Aus rice represents a specific class of Aus rice based
on percentage of crop coverage. Figure-3a shows the site
of each selected cluster. In this figure all the sites fall
under the class of Aus rice except site 8. Site 8 contained
settlement canopies shown in figure 6b (high resolution
TM image). Site 1 is also shown in figure 6a as a sample
of Aus rice site as well as Boro rice area.

The sites 2, 3, 4, 5, 6 and 7 shown in Figure-7 display that
starting from 1st week of May (May 8); NDVI values
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decreased upto last week of May, then increased upto
1st week of July and then gradually decreased up to July
27, most of the sites, the magnitudes of the curves are
higher in June 25 to July 11, indicating the Aus rice areas.
This is a typical pattern of Aus rice in the context of
Bangladesh. Some of the curves have lower magnitude
during full growth period (June 25 to July 11), due to
sparse Aus rice canopies. In site 1 starting from May 8,
the curve gradually increased upto July 27. This site is also
Aus rice area, but may have late plantation due to Boro
rice. Some of the fields of these regions have dual crop.
Site 1 is one of them. In site 8, it is clearly seen that, NDVI
values are almost similar and magnitudes of the curves
are also same throughout the season. These are the
permanent  vegetat ion  (homestead)  a reas .
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 Fig. (7) Temporal growth profiles of Aus rice during the period
                  (May to July 2012)

7. Conclusions

An attempt has been made in this study to characterize
the temporal and spatial growth patterns of Aus rice in
Bangladesh, using MODIS and 16 days composite NDVI
time series data for the year 2010.  For temporal growth
profiles, eight sites have been selected during the Aus
rice period from May 8 to July 27 for the year 2010. This
study has revealed that out of eight sites, five sites are
found to have almost same magnitude of growth profiles
during planting, growing and flowering stage of Aus rice.
One site is found to have late plantation and also late full
growth stage, due to the common field for Aus and Boro
rice. One site is found to have less magnitude due to
sparse crop canopies.

Field verification was conducted caring with differential
GPS during full growth period. The field observation results
were verified with the Office of Agriculture extension. It
is found that the percentages of Aus rice coverage are
almost 99% accurate.

So, it is evident that in the absence of MODIS raw data
due to cloud in monsoon period or lack of microwave
data it may be possible to monitor Aus rice using MODIS
and 16-day composites NDVI data.
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Monitoring of crops through satellite technology is an
efficient, effective and fast track technique as an input in
food security. However, the technique requires a referral
system to keep the output of satellite image classification
on track and in line with field situation. While developing
a satellite based classification system, SUPARCO have
designed an area frame as a referral system to support
and compare the system output. In this endeavour, Satellite
images of 2.5 m resolution were acquired during peak
growth season of September for Kharif crops and
February/March for Rabi crops.

To manage the system efficiently, agricultural areas of the
country were divided into 10 zones depending upon crop
ecologies. Each zone was stratified on the basis of land
cover features, vegetation and cropping intensity. Each
stratum was further sub-divided into primary, secondary
and tertiary units, drawing 366 samples of almost 30 ha
each, based on the principle of probability proportion.

Seasonal ground truthing survey was conducted and crop
estimates were made using Raising Factors. These data
were used as a reference to perfect the satellite based
image classification system. The technique has proven
very useful and led SUPARCO to guide on outliers and
other deviations in the system outcomes.

Introduction

The World Food Summit 1996 defined food security as
existing when: “All people, at all times, have physical and
economic access to sufficient, safe and nutritious food
that meets their dietary needs and food preferences for
an active and healthy life” (World Food Summit (1996),
cited in FAO, 2006, pg. 1). In this relevance crop monitoring
is very important to manage food security at country level
efficiently and quickly. Method of crops estimation; using
RS/GIS techniques well before cultivation is not only
helpful for managing supply and demand mechanism, but
it also facilitates in making import export deals. Usually
the crop estimates are made by sending officials to fields;
who visit hundreds of hectares of land and note down
the crops acreage manually, which is bit difficult and
involves huge money and time consumption. Moreover,
verification of data is almost impossible in least available
time. Therefore, RS/GIS technology is applied in this paper
to make crops estimates accurately and quickly.

Crop Estimation Using Classification Method

For the purpose, Spot-5 images of 10 m resolution are
acquired during peak growth seasons of Rabi i.e.
February/March and Kharif i.e. September. Then, the

selected samples are visited and crops grown there are
marked. When the whole area i.e. the zone wise
distribution is covered, then the signatures collected from
field of different crops are given as input to the system in
GIS frame work and supervised classification technique
is applied on the image. On the basis of spectral signature
inputs, crop areas are calculated initially on district level
then on provincial and country levels. (Figs. 1, 2 & 3).

Developing a Referral System

When we do crop estimates by classification technique,
the obtained results are required to be verified by another
reliable system that should be run in parallel. Therefore,
a referral system has been developed that will help in
accurating our estimates. For the purpose, the whole
country has been divided into various zones on the basis
of crop ecologies (Fig 4). These zones are Punjab Central
Zone, Punjab South Zone, Punjab North-East Zone, Punjab
Potowar Zone, Sindh Right Zone, Sindh Left Zone, KPK
Zone and Baluchistan Zone. In each zone, specific
combinations of crops are grown depending upon soil
conditions, water availability and climate. Therefore, on
the basis of specific crop ecologies these zones were
made. Later on; each zone was stratified on the basis of
crop intensity, land cover features and vegetation and
strata IDs were assigned (Figs. 5, 6, 7 & Table 1). Then, all
the PSUs from north to south were numbered and using
statistical model of probability proportion 342 PSUs were
selected from all over the country (Figs 9,10 & 11). These
selected PSUs were further sub-divided into secondary
and then tertiary units and same statistical model was
applied to select final segments (Fig. 13). Printouts of all
these segments were taken and ground truthing campaign
was conducted to obtain the acreage of different crops
grown in these segments. (Fig. 12). The applied statistical
model has specific benefit that it selects segments evenly
and gives proper representation from whole

Developing a Referral System for Monitoring of Crops for Food Security Using
Satellite Technology

Muhammad Jawad, Muhammad Iftikhar Bhatti and Muhammad Ibrahim

Non-farmland (Desert, Forest, Saline,
establishments

Starta Discription

11
12
21
42
13
14
31
32
50

60

Intense Cropland Area (75-100 %)
Less intense crop land (50-75 %)
Cropland Pasture Mixed (25-50 %)
Mostly Pasture ( 25 % cropland)
Un-identified seasonal vegetation
Areas rarely under vegetation
Rural area around city (Less that 50 houses\Km)2

Inter city

Water bodies (Rivers, Canals)

Table-1. Showing Strata IDs and their Descriptions
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zone containing segments from all strata types. Then,
keeping in mind the strata in which segment lies a
multiplicative factor is established to make crop estimates
of that particular area. This referral system parallel to
classification technique is not only useful for the
verification of results obtained, but it is also helpful to
comprehend the situation at ground.

Satellite Acquisition of Spot-5 Imagery

Table-2. Shows results of crop acreage of different departments
(Area in 1000 ha

Ground Truthing Survey and Collection of
Spectral Signatures

Fig. (1) Satellite Acquisition and Collection of Spectral Signatures
for Classification

Supervised Classification Technique

Fig. (2) Spot 5 Image of Purana Dero (Jatoi Farm) on
Left and Classified Image on Right
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Fig. (3) Classified image of Kharif Crops of Rahim Yar Khan
 District of Punjab South Zone

Fig. (4) Zonation on the basis of Crop ecologies

Starta 11

Intense Cropland (75-100 %)

Starta 12

Less Intense Cropland (50-75 %)

Fig. (5) Showing Strata of area almost 1000 ha

Starta 21
Cropland Pasture Mixed (25-50 %)
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Starta 42

Mostly Pasture (25 % Cropland)

Fig. (6) Showing Strata of area almost 1000 ha

Stratification of Punjab Central Zone

Fig. (7) Demarcation of Primary Sampling Units and Strata IDs

Development of PSUs in Punjab North East Zone

Development of PSUs in Punjab South Zone

Fig. (8) Development of Primary Sampling Units
in Punjab north East and South Zones

Selected PSUs in Punjab South Zone

Fig. (9) Primary Sampling Units Selection by Statistical Modelling

Selected Primary Sampling Unit
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Division of Selected PSU into Secondary
Sampling Units

Fig. (10) Statistically Selected PSU and then its divisionto Secondary
Sampling Units

Division of Selected PSU to Secondary Sampling
Unit and then to Tertiary Sampling Units

Fig. (11) Secondary Sampling Units are further divided into Tertiary
Sampling Units

Final Selected Segment

Fig. (12) Finally Selected Segment and Demarcation of Crops by
Ground Truth Survey

Selected Segments of All Zones of Pakistan

Fig. (13) Statistically Selected Segments for Crops Estimation
proportionally
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Conclusion

A satellite based area frame methodology is very helpful
for rapid crop area estimation. The strata identification
makes it possible to overview the crop acreage, and the
raising factor helps us to measure the results accurately
according to the conditions at ground. It is recommended
that SPOT-5 imagery of 2.5 m resolution should be used,
where the field size are small i.e. less than 0.2 - 0.5 ha.
Due to is small size of the parcels, the use of 2.5m SPOT
image is necessary to realize the ground truth campaign.
It has been observed that valuable classification results
are obtained from the 10m SPOT image and the SWIR
band is interesting for crop discrimination (especially the
fodder crop).
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Spatio-Temporal Analysis of Wheat under Climate Change by Combined Use
of Crop Simulation Modelling and Remote Sensing Techniques

Abstract

Agriculture is very much dependent on climate and climate
variability and changes affect the agriculture production
to a significant extent, thereby creating the problem of
food insecurity in the country. Pakistan being an agro-
based economy is heavily reliant on agriculture, which
contributes 23% to GDP of Pakistan. Wheat is the staple
food crop, which contributes 3% to GDP of the country.
Wheat production is extremely vulnerable to climate
change; rising temperatures are causing yield declines
while encouraging weed and pest proliferation. That is
why; food security is at top of the agenda not only in
Pakistan but also in South Asian countries, mainly due to
the two reasons, growing population and many direct
and indirect effects of climate change. Present study,
therefore, is aimed at estimating the wheat crop yield
under changing climatic conditions through the combined
use of crop growth modelling and Remote Sensing (RS)
techniques.

The study reports the GIS exhibition of the results on
assessing impacts of climate change on wheat production,
using CERES-Wheat model, at different locations in the
arid and semi-arid irrigated areas of Pakistan. Remote
sensing techniques were used to extract the soil
information from the remote sensing data (satellite
imagery) of soils of selected sites for use as input to DSSAT
based CERES-Wheat model to project wheat yield and
Growing Season Length (GSL) for 2020’s, 2050’s and 2080’s
under A2 and B2 scenarios of climate change downscaled
from the output of ECHAM-4 and PRECIS models.  Baseline
climatic data of 30 years (1960-90) was used to see the
historic impact of climate change on wheat production.
The changing climatic conditions accelerated plant
phenology resulting in reduced dry matter accumulation
and decreased crop yields. The results further showed
that wheat yield is likely to decrease by 5 to 13% in the
arid and 5 to 10% in the semi-arid under the A2 and B2
scenarios of climate change. Growing Season Length (GSL)
was projected to shorten in the range of 7-23 days in the
arid and 5-15 days in the semi-arid areas. The study data
also envisage the future potential use of RS/GIS techniques
for assimilation of remote sensing into crop simulation
models.

Introduction

Wheat is the most important crop of the world in terms
of human and animal nutrition. Pakistan being an agro-
based economy is heavily reliant on agriculture, which
contributes 23% to GDP of Pakistan. Wheat is the staple
food crop, which contributes 3% to GDP of the country.

Muhammad Ijaz and Muhammad Arif Goheer

It is grown all over the country under changing climatic
conditions.  The temperature in the inland areas is as high
as 52 C while that of the mountainous areas drops to
freezing point and even below freezing point (Sultan et
al. 2009). Wheat production is extremely vulnerable to
climate change. Rising temperatures are causing yield
declines, while encouraging weed and pest proliferation.
That is why food security is at the top of the agenda not
only in Pakistan but also in South Asian countries. This is
mainly due to the two reasons growing population and
many direct and indirect effects of climate change (IPCC
2001). Thus, Climate change is likely to affect human and
animal food supplies by impacting wheat production.

As a result of an average increase of 2.5 C in temperature,
wheat yield would decrease as much as 60% (Pakistan
Country Report, 1994). The dependence of agriculture on
temperature, solar radiation and water (climatic factors)
indicates that the crop production will be highly affected
by the climate change (Parry 1978; Thompson 1975; WMO
1979). Prolonged dry spells or more intensified heat waves
due to climate change in some regions may lead to
moisture and thermal stress that damage the crop
production very seriously (Rounsevell et al., 1999 in the
IPCC, 2001). Increased water demand for agricultural
crops because of increased evapo-transpiration and
adversely affected water availability for crops, both are
due to vagaries of climate change (Ullah et al., 2001;
Kimball et al., 1995). Severe water scarcity due to recent
climatic variations in the arid areas of the country has
very seriously affected the human life, ecology and
economic activities. Therefore, understanding of the likely
impacts of climate change is very important for national
and regional benefit (Quadir et al. 2004).

The rising atmospheric temperatures and carbon dioxide
levels along with rainfall uncertainties are likely to influence
future crop productivity especially in the arid and semi-
arid areas, which are also called as the food basket of the
country. Extreme weather events consistent with climate
change are already playing havoc with the livelihoods and
food production system. Pakistan, being a developing
country with large growing population, with  limited
resource base and a heavy reliance on agriculture is further
jeopardized by the vagaries of climatic perturbations.
Achieving food security and reducing poverty under
changing climatic conditions has thus become a major
challenge for the government, scientists and development
agencies.

For studying the extent and nature of climate change
impacts on agriculture, various crop simulation models
have been used as valuable tools over last two decades.
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These models address “what if” type questions and are
very commonly being used in the world. Crop simulation
models combined with remote sensing techniques reduce
the need for expensive and time consuming field
experimentation as they can be used to extrapolate the
research results (both spatially and temporally) conducted
in one season or location to the other seasons, locations
or management options. Crop simulation models in
combined use of remote sensing techniques help to
quantify the effects of climate, soil and management on
crop growth, productivity and sustainability of agricultural
production. Besides, they can be used to test certain
adaptation options to offset the likely negative impacts
of climate change.

The study was designed with objective of assessing impacts
of climate change on wheat production in arid and semi-
arid areas of Pakistan for baseline scenario (1960-1990)
and to project likely impacts of climate change for short,
medium and long term under A2 and B2 scenarios of
temperature and rainfall by combined use of crop
simulation modelling and remote sensing techniques.

The study will also envisage the future potential use of
RS/GIS techniques for assimilation of remote sensing into
crop simulation models.

2. Methodology

2.1 Site Selection

Six wheat producing districts were selected as study sites
from arid and semi-arid areas of Pakistan. Based on
different agro climatic characteristics (Table 1) and data
availability, four sites (Bahawalpur, Multan, Badin and
Hyderabad) and two sites (Faisalabad and Sheikhupura)
were selected to represent the arid and semi-arid zones
respectively.

stimulates crop growth stages (vegetative and
reproductive), accumulation and partitioning of biomass,
and grain yield for a specific cultivar (Hoogenboom et al.,
1994; Ritchie et al., 1998). The model can stimulate the
impact of the main environmental factors, such as weather
and soil type and helps in providing information to the
farmers for their management decisions (Tsuji et al., 1998).

2.3 Model Data Requirements

To run the CERES-Wheat model, following type of data
inputs are needed (Fig. 1):

i. Field Crop Management Data (X File): Yield and yield
components data (A File) and Crop Growth Data (Crop
Phenology Data, T File).
ii. Crop Genetic Coefficients Data: Cultivar File, Ecotype
File and species File.
iii. Soil Data: Surface Albedo, Layer Depth, Volumetric
Water Contents and Bulk Density data.
iv. Weather Data: Temperature maximum (Tmax),
Temperature Minimum (Tmin), Rainfall, and Solar
Radiation.

Table-1. Agro climatic characteristics of the selected study sites in
arid and semi-arid areas of Pakistan

2.2 CSM-Cropsim-CERES-Wheat Model

In this study, CSM-Cropsim-CERES-Wheat model version
4.0 (Ritchie et al., 1998; Jones et al., 2003) was used.
CERES-Wheat model is the part of DSSAT (Decision Support
System for Agro technology Transfer) Version 4.0
(Hoogenboom et al., 2004). CERES-Wheat model is a
dynamic and mechanistic crop growth model that

Simulation Process

Fig. (1)  Data inputs to the CERES-Wheat Model for simulation studies

In this study, a pre-calibrated CERES-Wheat model was
used. The model was calibrated at Global Change Impact
Studies Centre (GCISC), using field experimental crop data
including yield and yield components data and crop growth
data taken from University of Agriculture Faisalabad.

A widely adapted and suitable for both early and late
sowing, spring wheat cultivar (Inqlab 91) was used
(Humaira et al., 2009). It is semi erect variety with average
height of 106 cm and average number of seeds per ear
of 42. It is a  general purpose variety with average crop
duration of 147 days and the average yield is 3500 kg/ha.
Therefore, optimized genetic coefficients of Inqlab 91
were used as crop genetic coefficient data as input to
CERES-Wheat model.

Each study site selected has its own soil information and
soil type. The required soil information was extracted
from remote sensing data and Soil Survey of Pakistan.
Baseline time series weather data of temperature
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maximum, temperature minimum, rainfall and solar
radiation for the period of 1960-1990 were taken from
Pakistan Meteorological Department.

2.4 Simulation Scenarios

Thirty years past data (1960-1990) of Tmax, Tmin, Rainfall
and Solar Radiation for all the selected sites were used
as baseline climate data. A2 and B2 scenarios (Tables 2 &
3) of climate change for likely changes in temperature
and rainfall for 2020s, 2050s and 2080s were developed
in the Climatology section of GCSIC by downscaling from
the output of Global Circulation Model, ECHAM-4, of
Hadley Centre U.K., using Regional Climate Model, PRECIS.

2.4.1 A2 Scenario

The A2 scenario family is based on mid range emission.
It is, therefore, also called as mid range scenario family.
The A2 storyline describes a heterogeneous world with
self reliance and preservation of local identities. It assumes
continuously increasing population, regionally oriented
economic development, per capita economic growth and
more fragmented technological change slower than other
storylines.

2.4.2 B2 Scenario

The B2 scenario family is based on low range emission.
It is, therefore, also called as low range scenario family.
The B2 storyline and scenario family describes a world in
which the emphasis is on local solutions to economic,
social and environmental sustainability. It is a world with
continuously increasing global population, at a rate lower
than A2. It assumes intermediate levels of economic
development and less rapid and more diverse technological
change. The B2 scenario is also oriented towards
environmental protection and social equity focusing on
local and regional levels.

Table-2.  Projected Temperature Changes, Ð'3fT (°C) using PRECIS –
ECHAM4 combination for A2 & B2 scenarios at 50km resolution

Table-3. Projected Precipitation Changes in Percent, Ð'3fP (%)
using PRECIS – ECHAM4 combination for A2 & B2 scenarios

at 50km resolution

2.5 Simulation Process

All the required data input to CERES-Wheat model was
used to run the model for assessing the impact of climate
change on wheat production in the selected study sites
of arid and semi-arid zones of Pakistan. Initially model
was run under baseline climatic data for the period of 30
years (1960-1990) as baseline climatic scenario not only
to see the historic impact of climate change on wheat
yield and GSL but also to provide as a reference point to
compare the projected impact of climate change on wheat
yield and GSL for short, medium and long term basis.
Then model was run under A2 and B2 scenarios, the
projected scenarios of change in temperature and rainfall,
to project the likely impact of climate change on wheat
yield and GSL for 2020s, 2050s and 2080s.

3. Results and Discussion

3.1 Grain yield and GSL of wheat under baseline
scenario in arid and semi-arid zone of Pakistan

Runs from DSSAT based CERES-Wheat simulation model
on wheat yield under baseline scenario of climate change
(1960-1990) revealed highest average GSL in the semi-
arid zone than the arid zone, which resulted in highest
average wheat yield in the semi-arid zone as compared
to the arid zone (Fig. 2).
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the findings of wheat response to baseline scenario (1960-
1990) that arid zone is more vulnerable to climate change
than the semi-arid zone under projected scenarios of
temperature and rainfall (A2 and B2).  Again, it has been
found that decrease in the wheat yield is highly attributed
to the shortened GSL due to higher projected scenarios
of temperature and rainfall for 2020s, 2050s and 2080s.

Temperature is an important climatic factor that affects
the plant growth at all phenological stages till maturity.
Projected rise in temperature under A2 and B2 reduced
the GSL of wheat in both arid and semi-arid areas of
Pakistan and subsequently yield loss. According to Hussain
and Mudasser (2007), increase in temperature corresponds
to an increase in the Growing Degree Days resulting in
decrease in the length of crop life cycle.  Bender et al.,
(1999) confirmed the results in his findings that a constant
1 C increase in temperature over the whole season would
decrease yields by 6-10% due to shortened crop life cycle.
Results are also in accordance with the findings of Qureshi
and Iglesias (1994), who reported that higher temperature
will drastically reduce yields in Pakistan. This suggests
that because of the water shortage both zones are
vulnerable to increase in a temperature that has already
reached tolerance limits (CGIAR 2004-2005; Parry et al.
1988).

Fig. (2) Wheat yield and GSL in the arid and semi-arid zone of Pakistan
under baseline scenario of climate change

The results suggest that other management practices
remaining the same during all the study years, the
aggregate impact of climatic parameters (Tmax, Tmin,
rainfall and solar radiation) has a negative impact on
wheat yield. The decrease in the wheat yield can be highly
attributed to the shortened GSL. Higher air temperature
with less rainfall in the arid zone as compared to the semi-
arid zone, shortened the GSL by accelerating crop growth,
which resulted in the yield decrease. Wheat crop
Phenology and grain filling is a very critical stage for higher
temperature injury (Johnson and Kanemasu 1983).
Reproductive stage of wheat crop is also very sensitive to
high temperature, which hampers normal grain
development resulting in shriveled grain and afterward
drastic yield losses (Sultana 2003).

3.2 Grain yield and GSL of wheat under A2 & B2
scenarios in arid and semi-arid zone of Pakistan

CERES-Wheat based simulation results showed that on
an average the wheat maturity period was shortened in
both wheat growing study zones, but the magnitude was
different in both zones. Under A2 & B2 scenarios of climate
change for 2020s, 2050s and 2080s; the results, when
compared to the respective baseline scenario of each
zone (arid and semi-arid), showed that wheat yield and
GSL may decrease from 5% - 13% and 7-23 days
respectively in the arid zone (Table-4) by 2080s.

Table-4. Impact of climate change on wheat production in arid zone
of Pakistan by 2020s, 2050s and 2080s under A2 and B2 Scenarios

While in the semi-arid zone, it may decrease from 5-10%
with a decrease of 5 – 15 days in GSL by 2080s (Table-5).
Here, again the projected yield and GSL of wheat confirmed

Table-5. Impact of climate change on wheat production
in semi-arid zone of Pakistan by 2020s, 2050s and 2080s

under A2 and B2 Scenarios

When compared the wheat yield and GSL in the arid zone
under A2 scenario and under B2 scenario, it was found
that under A2 scenarios, decrease in the wheat yield and
GSL was more than that of under B2 scenarios and same
is the case in the semi-arid zone, where under B2 scenarios
yield and GSL is less effected than under A2 scenarios
(Fig. 3). As B2 storyline (as mentioned in section 2.4.2) is
based on low range emissions and describes the world
with continuously increasing population (at a rate lower
than A2)   in which emphasis is on local solution to
economic, social and environmental sustainability, while
A2 scenario is mid range scenario family which describes
heterogeneous world with continually increasing
population at rate higher than B2. Therefore, being
localized, environmental friendly and low range, B2
scenario affects the wheat yield and GSL less in the
magnitude than A2 scenario.
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a) Wheat yield and GSL under A2 scenarios in the arid zone of Pakistan

b)  Wheat yield and GSL under B2 scenarios in arid zone of Pakistan

C) Wheat yield and GSL under A2 scenarios in semi-arid zone
of Pakistan

d) Wheat yield and GSL under B2 scenarios in semi-arid zone
of Pakistan

Fig. (3) Comparative response of wheat yield and GSL under A2 and
B2 scenarios in arid and semi arid zones of Pakistan
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3.3 Likely Implications for National Food Security

Climate change impacts on wheat yield in both arid and
semi arid zones under baseline scenario (1960-1990) and
under projected A2 and B2 scenarios showed that average
wheat yield may decrease from 5%-12% by 2080. As arid
areas contribute to national wheat production to the
maximum extent of 47% followed by semi-arid areas (42%)
and, therefore, their combined contribution is 89%. As
discussed earlier, the climate change would affect wheat
production negatively in both the arid and semi-arid areas,
but arid areas will be affected more in magnitude than
semi-arid areas.  As arid and semi-arid areas are considered
as food basket of the country, therefore, it is evident that
climate change under projected A2 and B2 scenarios
would affect our national food security very seriously if
effective adaptation or mitigation strategies are not
devised and applied.

4. Potential use of RS/GIS techniques for
assimilation of remote sensing data into crop
simulation models

Crop growth modelling affects crop growth & health by
involving manipulation of physical and physiological
factors. Crop Simulation Models (CSM) have proven very
useful in increasing crop production through improved
crop and soil management practices. These models help
in maximizing outputs and minimizing inputs and use
daily field data to predict the effects of various agricultural
inputs and climatic factors. Models that can simulate field
variations and certainty with appropriate time scale for
management decisions are suitable for Precision
Agriculture.

CSMs produce point output when use field/site specific
input data. The CSMs simulation applications can be
extended to a broader scale by providing inputs with
spatial variability (soil, climate and crop management
data) and combining their capabilities with a Geographic
Information System (GIS). The interfacing of CSMs and
GIS is important for spatial and temporal analysis
simultaneously as crop behaviour has a spatial dimension
at regional scale and simulation models produce temporal
output. The GIS helps in spatially visualizing the results
as well as their interpretation by spatial analysis of model
results. In other words, Crop Modeling within a GIS doesn’t
mean spatial modelling techniques (reclassification,
overlays, interpolation) but refers to simulation modelling
and process based modelling to agricultural concerns like
crop production and soil erosion. Integration of CSMs
with GIS refers to either embedding GIS into models or
vice versa. The interaction of both temporal and spatial
issues can be best handled through interfacing agronomic
models with GIS (Hartkamp et al., 1999).

According to Hartkamp et al., (1999) ‘interface’ and
‘ interfacing’ can be used as umbrella words for

simultaneously using GIS and modeling tools, and ‘linking’,
‘combining’ and ‘integrating’ as suitable terminology for
degree of interfacing. The term integrating should not be
mixed with linking (only used for passing input and output
between GIS and model) and combining (automatic data
exchange and tool functions).

DSSAT is a system with set of models for different crops.
For simulation process, it needs detailed data sets of crop
management, soil profiles, weather and crop genetic
information as discussed earlier in section 2.3. DSSAT
based simulations are field based and data acquisition as
per model requirement is a hard task to start simulation.
Interfacing of DSSAT with GIS can not only solve the data
acquisition problem through RS inputs, but also the
outputs of DSSAT can be explained in the form of maps.
Calixte et al., (1992) developed a regional agricultural
decision support system, known as Agricultural and
Environmental Geographic Information System (AEGIS)
that used DSSAT capabilities within ARC/INFO GIS for
regional planning and productivity analysis. AEGIS allows
the user to select various combinations of crop
management practices over space and evaluate potential
crop production. Engel et al., (1997) modified the AEGIS
into AEGIS/WIN, which links the DSSAT with geographic
mapping tool Arc View-2 as shown in Fig 4. Thornton et
al., (1997a) developed spatial analysis software of DSSAT
that provides a standard link between CSMs and GIS
software and allows developers to use GIS software of
their choice for a particular purpose, while ensuring that
basic links to the DSSAT system and the crop models are
the same.

Fig. (4) Structure of AEGIS/WIN Interfacing DSSAT with GIS (Arc View)
Engel et al., 1997.

5. Summary and Conclusion

Wheat yield is reduced in both arid and semi-arid areas
under baseline and A2 and B2 scenarios of climate change.
In the baseline scenario and projected A2 and B2 scenarios,
rising temperature will render arid areas most vulnerable
zone in magnitude than semi-arid areas. Temperature rise
in all the selected sites of arid and semi-arid zone has
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shortened the GSL of the crop. This reduction in GSL in
an accelerated rate resulted in decreased yield in both
zones but more in arid zone. Being food basket of country
(by contributing 89% to national wheat production),
vulnerability of both arid and semi-arid areas to projected
climate change scenarios would be a serious threat to
our national food security, if effective adaptation or
mitigation strategies are not  devised and applied.
Achieving food security and reducing poverty under
changing climatic conditions has thus become a major
challenge for the government, scientists and development
agencies. Hence for environmentally safe and sustainable
agriculture, a pro-active approach of integrating different
technologies such as crop simulation modelling, GIS and
satellite imagery etc, is needed to reduce some of the risk
to agriculture for yield maximization and timely decision
making to avoid any disastrous situation like food crisis.
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Fishing Site Identification System
Using Remote Sensing and GIS

Abstract:

Malaysian Remote Sensing Agency (ARSM) with the
Department of Fisheries Malaysia (DOF), Fisheries
Development Authority of Malaysia (LKIM), and National
Fishermen's Association (NEKMAT) have collaborated to
develop a Fishing Site Identification System (FSI System),
using information derived from Aqua and Terra satellites.
The system development started in 2007 and its operation
began in July 2010. FSI system consists of four components,
namely, image receiving and processing, potential fishing
areas modelling, database, and dissemination system.
Daily Sea Surface Temperature (SST) and chlorophyll
concentration derived from Moderate Resolution Imaging
Spectroradiometer (MODIS), sensor images were analyzed
to derive information on potential fishing locations.
Information on these locations were disseminated to
fishermen through local fishermen's association. This FSI
system has managed to increase in fishermen's income
through reduction of time for searching of fishing locations,
fuel usage and increase fish catch.

1- Introduction:

The traditional method of identifying the prolific locations
for fishing, as being practised by fishermen, is based on
experience and sharing of information. Such traditional
practice is less efficient and, therefore, a new and modern
method needs to be introduced to meet the increasing
food demand and increase the income of fishermen as
well as to further develop the fisheries industry in the
country. Modern technology such as remote sensing has
been used to replace this traditional method. Remote
sensing data provide information on Sea Surface
Temperature (SST) affecting the existence of
phytoplankton, which is the primary food source for fish
and, therefore, indicates areas of fish concentration. From
this information, potential fishing locations can be
determined more quickly and accurately. It also increases
the potential of finding new fishing grounds.

Malaysian Remote Sensing Agency (ARSM), Department
of Fisheries Malaysia (DOF), Fisheries Development
Authority of Malaysia (LKIM) and National Fishermen's
Association (NEKMAT) took the initiative to develop a
computerized system known as Fishing Site Identification
System (FSI System). The system uses information from
remote sensing satellite images that are acquired daily
by ARSM ground receiving station. The development of
this system began in 2007 with the east coast of Peninsular
Malaysia as the pilot study area. The system is now being
adopted throughout Malaysia.

S S Hazil, W M Azran, M Fuad, Z Zuliarni, S Zuraimi and A Shahruddin

1. Objective

The main objective of the system development is to
support national fisheries agencies in improving
socioeconomic well-being of the fishermen through
utilization of Remote Sensing, GIS and ICT technologies.

2. Study Area

FSI system initially covered the east coast of Peninsular
Malaysia. Since the end of 2010, it has been extended to
cover the whole country (Figure 1). To-date the system
has benefited 20,300 fishermen, who  are using purse
seines and drift nets. By the end of 2012, 25,000 fishermen
are expected to use this system.

Fig. (1) Map of territorial waters of Malaysia

4. FSI System Components

FSI system consists of four (4) main components (Figure
2):

a. Image Receiving and Processing.
b. Modelling of Potential Fishing Areas.
c. Database.
d. Information Dissemination System (IDS).

Fig. (2) FSI components
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4.1 Image Receiving and Processing

MODIS (Moderate Resolution Imaging Spectroradiometer)
data acquired daily at ARSM Ground Receiving Station in
Temerloh Pahang are pre-processed before being
transmitted to ARSM headquarters in Kuala Lumpur. These
data are then further processed to produce maps of Sea
Surface Temperature (SST) and chlorophyll maps (Figure.
3). Both products are then analyzed to obtain the thermal
front to determine the location of fishing.

4.3 FSI Database

FSI database developed by ARSM in June 2010 comprises
fishing location information, information on oceanography,
fishing and vessel information, and information on state
as well as local fishermen’s association. Development of
the database is a key requirement for providing the access
of information for potential fishing locations. A complete,
accurate and up-to-date information is an important factor
in ensuring the effectiveness of potential fishing location
information dissemination to the local fishermen’s
association center and fishermen.

Fishermen and vessel profile information obtained from
the DOF contains information such as on licensing of
fishing zones (A, B, C and C2), the personal information
of fishermen (mobile phone number and address), state
registration of vessels and others. Fishing location
information that is disseminated to registered fishermen
is based on their class of vessel and state.

4.4 Information Dissemination System

This system provides information on potential fishing
areas to fishermen, depending on the availability of
satellite images that are free of cloud cover. Application
for fish location information for the current date can be
made as early as 5.00 pm on any particular day. This
location can be used by fishermen for a period of three
(3) days (based on the date of satellite data acquisition)
and the accuracy is within 3 km radius from the stated
coordinates.

Dissemination of information to fishermen can be made
in two (2) ways:

4.4.1 FSI Portal

FSI portal is one of the methods for fishermen to get
information on the potential fishing location. The portal
consists of three (3) main components:

a. Latest fish location coordinates information in tables
and GIS Web Map.
b. Two-week archive of fish location coordinates
information in the form of tables and GIS Web Map.
c .  Management  of  f i shermen informat ion.

Fishermen will be registered to the FSI System through
the respective local fishermen’s association center before
access is granted. Their informations will be verified and
subsequently stored in the database.  Local fishermen’s
association center also serves as the central location for
the dissemination of potential fishing location information
and manages the fishing catch feedback that can be
directly updated via the portal. Users can access the portal
via  to get the latest information on fishing location. Figure
5 shows the interface  of the main page of FSI portal,

4.2 Modelling of Potential Fishing Areas

It is a known fact that the presence of chlorophyll indicates
the abundance of phytoplankton and this relates to the
presence of fish. SST shows a synoptic view of the ocean
surface and its contouring highlights oceanic fronts,
currents, eddies and upwelling. These two parameters
were analyzed to produce the potential fishing locations,
which are subsequently stored in geographic coordinate
system (longitude and latitude) in the FSI database. Figure
4 shows the FSI Model, which is the complete procedure
to produce these Potential Fishing Zone (PFZ) map.

Fig. (3) Chlorophyll map (first) and SST map (second)

Fig. (4) FSI Modelling flowchart
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whilst Figure 6 shows a map of potential fishing areas.

Fig. (5) Main page of FSI portal

Fig. (6) Map with coordinates on potential fishing areas

4.4.2 Short Messaging System (SMS)

For fishermen who do not have access to computers and
internet, SMS is used as an alternative method for data
dissemination. The Malaysian Government has developed
an SMS service platform called MySMS as an additional
communication channel for government services. One of
its main objectives is to ensure the availability of
information for Malaysians from all walks of life through
a common short code.

For the FSI, MySMS operates through information on
demand, in which fishermen will need to send an SMS
requesting for information on fishing locations. Fishermen
just need to type the specific access code.

5. Verification of PFZ

Thirty two verification points were undertaken to
determine the accuracy of the PFZ generated by the FSI
system. All project team members representing each
collaborative agency together with the fishermen have
participated in this verification exercise to ensure the

accuracy of the information generated by this system.
The percentage of this accuracy is 94%. Fishermen, who
are using the system have provided feedbacks on their
increase catch and fuel cost savings.

6. Conclusion

Overall, the FSI system contributes to the increase in fish
catch up to 50% per month.  The system is also being
used by the respective authorities for surveillance of
Malaysian waters from the intrusion of foreign fishermen.
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Remote Sensing Based Forecast of Cereals Productivity in
Northern Kazakhstan

Abstract:

The practical use of satellite data for diagnosing of cropland
moisture in steppe zone of northern Kazakhstan and the
yield forecast of spring grain crops on non-irrigated arable
land was considered. It is shown that the USGS MODIS
products (MOD09, MOD11, MOD13, MOD34) which are
the physical reflection coefficients, land surface
temperature, vegetation indices and cloud masks can be
effectively monitor of the crop state and to conduct an
operational forecast of grain yields with 8-day renew
starting a month before planting.

1. Introduce

Kazakhstan is a major exporter of wheat grain. Spring
crops of Northern Kazakhstan (wheat and barley),
constitute the basis of crop and the main export crops.
In northern Kazakhstan in 7 provinces for growing spring
crops is used more than 17 million hectares of non-
irrigated arable land. The largest province acreage (5
million hectares) are in Kostanay, Akmola and North
Kazakhstan provinces, Figure 1. Cereals monoculture and
large size of the fields (400 ha) provide using the satellite
data such as EOS MODIS 250 m resolution for the daily
monitoring of the spectral characteristics on the scale of
individual fields.

Alexey Terekhov, Irina Eserkepova

tones in 2011 favorably. Accordingly, the export potential
was changed from 3 to 15 million tons. Yield forecast of
spring wheat in Northern Kazakhstan in conditions of high
volatility of grain production is of great practical interest.

2. Diagnosing of vegetation season humidity

Arid climate of Central Asia, with large variations in the
moisture of vegetation season determines the significant
volatility in crop yields on non-irrigated lands. In this
regard, early detection of drought condition is of
considerable interest. Cloud cover is an essential
component in the process of wetting of the Kazakhstan
territory. Clouds provide precipitation have a significant
impact on air humidity, regulate the level of solar radiation
reaching the Earth's surface and thus the intensity of
moisture evaporation from the soi l  surface.

In the task of diagnosing of the vegetation season moisture
the cloud cover monitoring is a convenient option. The
source of satellite information on the total cloud cover
mask was the daily USGS product - MOD11A1DAY/
MOD34A1DAY collection 5, which is the land surface
temperature (LST) and cloud mask at the time of pass of
Sun-synchronous satellite EOS/TERRA.

Daily cloud masks were accumulated into the archive and
then reduced to monthly and seasonal estimates of the
frequency of clouds covering the Kazakhstan territory on
the states (0-100), where the maximum of observed clear
weather is (0), to the cloud maximum is (100). The 13
year’s archives of satellite data (from 2000 to current
time) could form the internal assessment of the scale,
close to the long-term average conditions. Examples of
the results of the total cloud cover monitoring in the
period 2000-2012 Kazakhstan's. shown in Figure 2.

Fig. (1) Crop land disposition in northern Kazakhstan.
Created on base of satellite data.

Daily information on the spectral characteristics of the
cereals culture allows to control various parameters of
grain production [1,2], including the cropland acreage
[3,4,5], weed infestation [6], the elements of productivity
of spring wheat [7]. Aridity of the climate of northern
Kazakhstan leads to low crop yield (1-1.5 metric tones
per hectare) and high-quality grain. Variations of moisture
growing season determine the significant fluctuations in
the total grain production, such as in the dry 2010 year
the crop totaled 12.4 million tones, against 27.06 million

Fig. (2) Cloud cover regimes for main crop provinces in northern
Kazakhstan and examples of cloud anomalies (dry and humidity

regimes). Created on base of daily MOD34A1 (TERRA) data.
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3. Forecast of Cereals Productivity

3.1 Forecast on Base of Satellite Vegetation Indexes

The analysis of the state acreage of major agricultural
regions based on satellite vegetation indices has a number
of difficulties. The main one is the difference in the sowing
calendar dates (10 May - 10 June) and the use of different
crop varieties. The most informative is the period of
cereals flowering in which there is a maximum of the
green biomass. The maximum of the green biomass exists
in the Northern Kazakhstan for several weeks (10-30 July).
During this period, minimizing the effect of different
sowing dates, which allows obtaining the most comparable
estimate the amount of green biomass crops on a regional
scale.

3.1.1. Methodology of Forecast

The use of satellite vegetation indices derived in the
second half of July can give grain yields forecast over the
last month before harvest. Methods of yield forecasting
are based on empirical relations between the vegetation
indices values for crop mask (province scale) and the
actual cereal state of the individual test fields. The ground
data collected during the route survey conducted in the
period of 15-30 July, in Figure 3. During the shuttle survey
collects information on the status of about 300 cereal
fields. Empirical curves in the period 2005-2009 were
quite close, which makes it possible also to use the
universal relation [8], shown in Figure 3.

associated with changes in field’s form. Therefore, mapping
the boundaries of large fields (400 hectares) in northern
Kazakhstan was carried out by the IRS LISS (resolution 23
m) images dated by 2005. Decoding of the land use types
is carried out according to the MODIS (250 m resolution)
data. The standard USGS products (collection 5), scene
h21v3, h21v4, h22v3, h22v4: 8-day composite MOD09Q1
(reflection coefficients in the red and near
infraredchannels) and daily MOD09GQ. To construct maps
of the seasonal maximum vegetation index data involved
MOD09Q1 for 193-208 days (12-27 July). Two 8-day
composite (193-200, 201-207 days) allows for virtually
cloudless mask covering the major croplands in northern
Kazakhstan during the f lowering of  culture

3.2 Forecast of Cereals Productivity on Base of Land
Surface Temperature (LST)

Vegetation indices restrict the time frame forecast yield
of spring cereals in Northern Kazakhstan. A month before
the harvest during the flowering stage the informativeness
vegetation index is highest. However, an earlier date of
the yield forecast has less informative in case vegetation
indices. Cloud cover, variation of field’s soil humidity and
sowing dates (10 May - 10 June) make it difficult to use
of the ascending curve [Vegetation Index - Time]. The
land surface temperature (LST) doesn’t have of these
shortcomings.

In the fields of northern Kazakhstan is typical of a low
amount of green biomass and the absence of a complete
projective leaf cover. Under these conditions, LST is a
parameter which is very sensitive to the condition of the
soil surface humidity and the volume of green biomass
throughout the growing season; it can be used in task of
the yield forecast before the sowing period. Water deficit,
as a limiting factor of the grain production in Northern
Kazakhstan, can be diagnosed at a high temperature of
arable land surface almost immediately after the spring
snowmelt.

The deficit of surface soil moisture leads to a temperature
increasing, which registers by satellites. To describe the
thermal regime used the temperature condition index
(TCI) proposed by Kogan F. The TCI values range from 0
to 100, where 0  is a long-term minimum, a 100 is a long-
term maximum of temperature at this location at this
time a registered by satellite. In the forecast scheme was
used the land surface temperature at 15 o'clock in the
afternoon (pass time of EOS/Terra satellite). The 8-day
accumulation period and coarsening of up to 10 km
resolution were used for reducing of the cloud cover
influence.

Fig. (3)  Scheme of rout ground survey for crop field expecting and
empirical relations: [vegetation index – cereals productivity].

Vegetation index created with help of MOD09Q1 [193-208 days]

Mask acreage is based on the processing of two types of
satellite data. High-resolution imagery (IRS LISS resolution
23 m) used for mapping of the field boundaries, and daily
data MODIS (resolution 250 m) are used to land use types
decoding and the formation of the field mask of the spring
sowing as sum of the individual fields. Masks of arable
land, thus obtained, combining good accuracy in
determining the field’s size, with the certainty of
recognition such as land-use field based on base of the
daily satellite images, Figure 4.

3.1.2. Satellite Data

The boundaries of individual fields in northern Kazakhstan
are quite stable. Change of ownership is usually not
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The structure of the analogue-year is determined by the
degree of proximity of temperature regimes in 7 provinces
of the region and throughout the region as a whole in the
current year to past years (since 2000). That is, comparison
between years is on the 8 parameters. Binary metric used
to assess the degree of the temperature regimes closeness.
If the value of TCI did not differ by more than 10 TCI units
from one of the last years, it was thought that these years
are similar to the analyzed component. For example, in
meeting of this condition for all 8 regional sites between
the current and one of the past year the proximity is
assumed as 8 for non-compliance is equal to 0. Next stage
is the calculation of the sum of all proximity degrees
between the current year and archive years (since 2000).
This sum was normalized to 1. The share of the
contribution of the each archival years and was a part of
his fate in a composite analogue-year. The crop yield of
the compound, the analogue was determined by the
proportion of past years and the normalized grain crops
yield, Figure 6.

The need for normalization of the crop yield is determined
by the past years significant changes in the level of
agricultural practices. The collapse of the former Soviet
Union led to a profound degradation of agriculture in
Kazakhstan. Significantly reduced acreage and reduced
yields of cereal crops are observed. The bottom of the
crisis in agriculture accounted for about Kazakhstan for
1998-1999. In 2003 began the recovery process. The
normalization of the yield of crops solves the problem of
bringing the level of agricultural practices to about the
same equal level, in order to make a more meaningful
relationship between crop productivity and weather
conditions. The procedure for evaluation of long-term
changes in agricultural practices of cereal crops in Northern
Kazakhstan is described in [9].

Fig. (4)  Cropland mask in 2012 year’s season. Created on base of
IRS LISS (resolution 23 m) and MOD09Q1 (resolution 250 m) data.

3.2.1. Satellite Data

The temperature condition index (TCI) was calculated on
the basis of the standard USGS product MOD13A2DAY
(TERRA) (resolution 1 km). It was used the data from
collection 5 and satellite scene - h21v3, h21v4, h22v3,
h22v4. The satellite data are an 8-day composites land
surface temperature, about 15 o'clock in the afternoon.
The period of analysis starts from 15 April (one month
before sowing of spring crops) and ends in mid-August (2
weeks before harvest). The 8-day LST composite provides
an 8-day renew of the information to yield forecast the
of grain crops in the province scale (7 provinces) and
region of northern Kazakhstan as a whole.

3.2.2. Forecast Methodology for Cereals Productivity

The forecast technique is based on LST regime of arable
land and the analogue-year. The satellite MODIS data are
from 2000, which provides a 12-year series of the weather
conditions of the vegetation seasons. For a more accurate
it was used a synthetic analogue-year, consisting from
various parts of the past years. Thus, the LST regimes and
crop yield the period since 2000, formed an integral
analog-year, and its estimated yield is forecast of this year.
Every 8 days, the structure and crop productivity of the
synthetic analogue-year is recalculated.

Temperature range is an estimate of the TCI scale of
average temperature of arable land in the considered
time interval. By the end of the vegetaton season, the
accumulated time interval becomes longer and the current
8-day time-steps is less change the average estimates,
Figure 5.

Fig. (5) Temperature regimes (Temperature Condition Index) of
cropland for Aktubinsky province of Northern Kazakhstan. Created

onbase of MOD11A2DAY(TERRA) data.

Fig. (6) The scheme  of calculation of year-analog structire on base of
MOD11A2DAY (TERRA)/

4. Resume

Diagnosis and yield forecast of the cereals in dry climates
with a deficit of moisture can be based on different satellite
indices. Cloud cover, LST, vegetation indices are diagnostic
parameters that provide control over the vegetation
season moisture at any time. For details of Northern
Kazakhstan the USGS MODIS products: MOD09Q1,
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MOD09GQ, MOD11A1, MOD11A2, MOD34A1 with good
reliability allow mapping of cereals productivity (Fig. 7)
and to yield forecast of the spring crops in real time
throughout the growing season, Figure 8.

Fig. (7) Forecast productivity maps of Northern Kazakhstan cereals
in three provinces(Kostanay, Akmola, Northern Kazakhstan)

during 2001-2009 years. Created on base of the year’s empirical
relations [vegetation index - test field productivity]

Fig. (8) Operative forecasts of cereals productivity in Kazakhstan
during of 2011 year season.
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Assessment and Mapping of Soil Salinity and Sodicity, using Soil Techniques,
Remote Sensing and GIS; Case Study: Elthamid Sector, Gezira and Managil

Scheme, Sudan

Abstract

This study focused on the assessment of land degradation
in El Tahameid Sector, Gezira State, Sudan, through
mapping and monitoring the changes that occurred in
the soil properties, due to drought and mismanagement.
The study also attempted to update some information in
the study area such as chemical properties, using different
methods of data transformation and analysis such as: Soil
analysis technique, GIS and remote sensing techniques.

The research was based on the data and information
deduced and extracted from soil survey data, soil analysis,
and remotely sensed data, in addition to fieldwork
verification and other sources. The study covered an area
about 706.8 km².

Soil analysis indicated that soil degradation had taken
place in the study area; especially the top northern and
southern parts of the area which were affected by salinity,
while some soil in the north-eastern and south- western
parts were affected by sodicity.

The study showed that there was a hardpan at subsurface
layer (30-50 cm) that impedes the water infiltration and
crop growth since tilling is done only in the top soil to the
depth of 20 cm. Evaluation of soil properties and wind
erosion hazard (sand encroachment) revealed that 95.5%
of the total area was suitable with respect to crops within
the study area.

Introduction

Monitoring soil degradation is not only necessary to
determine changes related to the real extent of erosion
areas but also it enables the evaluation of programmes
of soil conservation programme executed in that area.

According to Eswaran and Kapur (1998) before monitoring,
we should determine what to monitor and what should
be the time interval for that monitoring, because different
processes of degradation require different time intervals
to be recognized. They also stated that salinization
monitoring should be probably done every year (if there
is a reason for that); whereas sheet erosion-monitoring
could be done every five years, while gully erosion
monitoring may require more than five years.

Little is known about  land degradation in the Gezira
scheme although some scattered studies were carried
out on the fertility status of the soil. In addition, some
studies were conducted on land degradation, using remote

El Hag A M H, Amna A Hamid, Eltaib S Ganawa, Ibrahim S I, Dafalla M S

sensing techniques. However, these studies were mainly
in the soil of  White Nile and Khartoum state, to the west
and north of the scheme, respectively (Kapur 1998).

Salt-affected soils in the Sudan occur in the desert and
semi-desert climatic zones, e.g. the high terrace of the
River Nile and its tributaries, and in the arid regions, e.g.
central clay plain-north Gezira (Abdalla 1986). Most of
the salt-affected soils in Sudan have a relatively low
nutrient status and contain 0.01-0.02% organic nitrogen.
The impact of salinity on agriculture is now being felt in
irrigated areas in which soil and waterborne salts are
accumulating during repeated cycles of water use.
Nonsaline soils could easily be damaged and degraded
by secondary salinization through irrigation with water
from the Blue Nile, White Nile and River Nile (Abdalla
1986~ Mustafa 1986). These problems will become more
serious as increasing population leads to more intensive
use of land and water, and as presently unused or
marginally used resources are pressed into service. The
entire physical and biological systems involved in saline
agriculture must be understood and carefully managed,
if increased production is to be achieved without
exacerbating the existing problems.

Salinity and sodicity are separate and unique descriptions
of the impact of soluble salts in soil and water. Sodicity
represents the relative predominance of exchangeable
sodium compared to other exchangeable cations; chiefly
calcium, magnesium, potassium, hydrogen and aluminium
and is expressed as ESP (exchangeable sodium percentage).
The sodium adsorption ratio, SAR, is another expression
of sodicity that refers to the ratio of adsorbed sodium
and the sum of calcium and magnesium. Soil salinity is a
characteristic of soils relating to their content of water-
soluble salts and expressed mostly as ECe (Electrical
Conductivity of paste extract) and is measured as dS m-
1 (Charman and Murphy, 2000). The inter-relation of all
these soil parameters is important for the Interpretation
of their measures (Van de Graaff and Patterson, 2001).

Study area

Study area lies in central Sudan within Managil Agricultural
Scheme, which was established in 1966, immediately after
independence of the Sudan  and annexed to Gezira
Scheme, which was established in 1911.

El-Thamied Group is the largest section in Managil scheme.
It is bordered by Getaina Province to Western and Matoug
sector at the south, Wad El Manci sector at East (Figs. 1
and 2). This is situated between longitudes 32 28” ando
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32 48” East and latitudes 14 24” and 14 35” North and
covers an area of about 706.8 km² (F ig. 2).
Population are mainly farmers. The soil of the study area
is black cotton soil (Vertisols) and some parts are saline
and/ or sodic, while some are alkaline. Salinity led to the
abandoning of many western blocks of the Managil
scheme since 1962 (Al-amin1999).

In El-Thamied sector, land degradation and sand
encroachment is whipping a life that is centuries old.
"Sand movement has exhausted us?. Like this farmer,
thousands of villagers, along the Gezira and Managil
scheme who own narrow strips of arable land that borders
the scheme, watch the sand moving closer every day.
They are watching the land that degraded or eroded. So
most of the land was lost or degraded. Then all farmers
left their homeland seeking for new opportunities in urban
areas.

Methodology

Four false coloured composite (FCC) subsets images from
Landsat TM and ETM dated (1996, 2001, 2005 and 2008)
covering the study area (706.8 km²) were used in this
study. The field work was conducted during the period
10 to 25th December 2009 aided by GPS receivers (Garmin
60C). Radiometric and image to ground points geometric
corrections were conducted. Soil samples were collected
from different selected locations to cover the variability
that observed from satellite image analysis. Global
Positioning System (GPS) was used to locate the position
of the check sites. Different soil samples strategies were
applied depending on satellite image interpretation and
morphological and differences physical properties (colour,
texture, structure…etc). Soil samples were collected from
two different depths (0-30 and 30-60cm) with a total
number of 132, the distance between adjacent soil samples
(in all directions) was 3 km (Fig. 3). The soil samples were
analyzed, using the facilities of the department of Soil
and Environment Science Faculty of Agriculture, U of K.
The following properties were determined in soil samples:

    Soil Reaction: Soil pH was measured in soil paste using
analogue pH-meter JENWAY.
    The Electrical Conductivity (ECe): The electrical
conductivity of the saturation extract (ECe) was measured
by conductivity meter WAPcm 35 (model cm 35).
    Soluble Calcium and Magnesium: Calcium and
Magnesium were determined volumetrically with titration
against ethylene diamine tetra acetate (E.D.T.A).
    Sodium: Sodium was determined photometrically, using
Corning EEL flame photometer.
    Sodium Absorption Ratio:
Sodium absorption ratio was estimated from values of
calcium, magnesium and sodium of saturated paste
extract. Exchangeable Sodium Percentage (ESP) was from
regression equation of ESP on SAR.

Results and Discussion

The soil analysis indicated that most of the soils of the
study area are non-saline and non-sodic classes, except
some surface and sub surface samples at the top north
and southern parts of the study area, which are saline.
SAR and ESP values indicated that some parts at north
east and south west of the study are sodic, while most of
the area is non-sodic. These findings are in agreement
with UNDP (1970).

The spatial variability of ECe values for the top-surface,
sub-surface and weighted value are shown in Figures 4
(a and b) and Figure 5; respectively. Figure (4) showed
that high ECe values were found at the top north and
south part of the study area, while most of the area was
non-saline (0.3 to 1.0). Figure (4b) showed similar pattern
to above mentioned one. Weighted ECe spatial variation
as expected follows the same pattern as that of surface
and subsurface ones (Figure 5).

Field work and survey results revealed land degradation
signs, which might be due to bad management such as
misuse of irrigation water (wrong scheduling). The survey
data showed that there was surface salt accumulation at
the top north eastern and eastern parts of the study area
(plates 1 and 2).

Soil Reaction (pH): The analysis of the soil samples revealed
that the soil reaction is moderate to slightly alkaline,
which is not unexpected for soils of arid and semiarid
region. Spatial pH variability for the top and sub surface
is shown in figures (6a and b). Figure 6a reflects that high
pH values at surface layer (what is the range of these high
values) were found at the central and south west of the
study area, while most of the area ranged within the 7.4
to 7.8 pH values. Figure (6b) showed that the high pHvalues
are concentrated at the south and south west of the study
area.

Figure 6 indicated that neutral soils cover 30.3% and
18.2% of the top and sub surface soils respectively, while
slightly alkaline soils constitute 56.1% However, moderately
alkaline soils cover 13.6% and 28.5% of the top surface
and sub surface  soi l  samples, respectively.

Sodium Absorption Ratio (SAR) and Exchangeable Sodium
Percentage (ESP): The spatial variability of SAR for the
top, sub surface and for the weighted values are shown
in Figures (7a and b) and (8) respectively. Figure 7a showed
high SAR value (10 to 14) which concentrated in the top
north east of the study area, while SAR values in most of
the area were within the normal non-sodic range (less
than 10). Figure 7a showed that most of the area were
non-sodic (less than 8). In addition weighted SAR values
confirm the above mentioned and most of the SAR values
fell within the normal range.

o

o

o
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The SAR values ranged from 0.37 to 29.5. The lowest
values of SAR were in the first depth (0-30cm); 1.5% of
the surface soil sample fell within the sodic class, while
98.5% fell within the non-sodic class. In the second depth
(30-60cm), SAR values ranged from 1.109 to 18.3 and
approximately 3% of the sub-surface soil sample values
fell within the sodic class and 97% within the non-sodic
class.

ESP spatial maps for the top, sub surface and for the
weighted values are shown in Figures 9 (a and b) and 10
respectively. Figure (9a) showed that high ESP values (11
to 13) were found at the top north east of the study area,
while in most of the area ESP values ranged within the
normal range. Figure (9b) showed that most of the area
ranged within the non-sodic range. Weighted ESP values
showed the same pattern. ESP values ranged from 0.42
to 29.73. The lowest values of ESP were in the first depth
(0-30cm) and about 3% of the surface soil sample fell
within the sodic class, while 97% within the non-sodic
class. Compared to the second depth (30-60cm) the result
showed that ESP values ranged from 0.38 to 20.8 and
approximately 4.5% of the surface soil sample fell within
the sodic class and 95.5% of them within the non-sodic
class.

Comparison of some of the results of some previous
studies showed that there were some changes in the soil
properties such as: salinity and sodicity which indicates
a deterioration of the soil during the past 25 years (tables
1 and 2), These results also indicated that about 61% of
the soils were plowed to depths of 20 cm despite the
presence of a hardpan in some parts at the depth of 30
cm. In addition, cultivation of land more than three times
per year with the minimum addition of fertilizers.

Conclusion and Recommendation

The study revealed different signs of land degradation in
the study area as judged by change in soil chemical
properties. These changes indicated decrease in cropped
yield and productivity, decrease in vegetation cover,
expansion saline and sodic soils around and inside the
study area. These signs could be revised with the use of
agricultural indicators. Land degradation as reduction in
biological productivity can be interpreted from crop yields.

Soil analysis showed that chemical properties of the soil
had revealed different changes, some parts were affected
by salinity and sodicity that had negative impact on the
soil productivity. The observed land degradation (wind
erosion, dunes, poor natural vegetation and poor soil
fertility) was due to both climate changes and human
activities.

Policies of the government of negligence in the project
besides the changes in the composition of the crops and
the changes in the domestic and world markets, had direct

impacts on the farmers compelling them to think hard in
the cultivation of other cash crops such as sugar cane or
to change to other activities rarther than agriculture.

Based on these findings, the following recommendations
are given:

1. In saline soils, Urea is not recommended. Ammonium
Sulphate or Ammonium Nitrate are recommended for
such soils. In saline soils pH is already high. When urea is
applied, the pH of the soil becomes very high temporarily
and due to this high pH, urea is lost as a gas and young
seedlings die when come in contact with urea.
2. Use some of the mechanisms for the removal of hard
pan layer.
3. Provide irrigation water and increase the number of
irrigations to wash the salts.
4. New polices and practices of in the field of soil sodicity
should be adopted to alert farmers to the threat posted
by chemical degradation.
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(a) Top Layer

(b) Sub Surface Layer

Source:
Soil Analysis (samples of the study area).Geostatistics
analysis,Landsat (ETM) 2008 and Survey data

Fig. (4) ECe Values for the Surface (a) and Sub Surface Layer (b)
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(a) Top Layer

(b) Sub Surface Layer

Source:
Soil Analysis (samples of the study area).Geostatistics
analysis,Landsat (ETM) 2008 and Survey data

Fig. (6) pH Values for the Surface (a) and Sub Surface Layer (b)
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(a) Top Layer

(b) Sub Surface Layer

Source:
Soil Analysis (samples of the study area).Geostatistics
analysis,Landsat (ETM) 2008 and Survey data

Fig. (7) SAR Values for the Surface (a) and Sub Surface Layer (b)
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(a) Top Layer

(b) Sub Surface Layer

Source:
Soil Analysis (samples of the study area).Geostatistics
analysis,Landsat (ETM) 2008 and Survey data

Fig. (9) ESP Values for the Surface (a) and Sub Surface Layer (b)
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Plate No (1): Surface accumulation of salt, North Western Al-Sheglah Village

Plate No (2): Surface accumulation of salt, West Al-Sheglah Village Source: Survey data 2010.
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Operational System of Flood Monitoring and Damage Assessment Using Space
Technology, The Case Study of Sharg En-nile in Khartoum State, Sudan

Abstract

The study area is located at east of Sudan /County in
Khartoum State. It lies within the grids 32  55, 34  12 E
and 16  15, 15  24 N with total area of 9464.91 Km².

The area is often suffered from various kinds of natural
disasters. Flood is one of the disasters, which affects
seriously the sustainable development of society and
economy in the area. The general situation of flood disaster
in area is first introduced briefly in the paper. Sudanese
government pays a lot of attention to flood disaster
management, including flood monitoring and assessment
by space technology. With regard to the application of
space technology in this field, the user requirements are
analyzed. For flood disaster management, an operational
and professional system is important and necessary. This
paper mainly introduces the operational and professional
system of flood monitoring and disaster assessment by
space technology in Khartoum State, Sudan. Due to the
significant difference between operation and scientific
research, the parameters for operational and professional
system by space technology in this field are concluded.
The operational and professional system used by space
technology for flood monitoring and disaster assessment
in the study area is introduced in detail. Especially; the
information needed before, during and after flood disaster
as well as their acquisition and communication. The
construction of background database, including baseline
of water body, land use classification of social and
economic data as well as its update are very important
for disaster assessment before, during and after the
occurrence of flood. The preparedness before flood and
its contribution to decision making for the purpose of
disaster mitigation is emphasized. The results on flood
disaster monitoring and assessment in previous years are
shown in the paper to illustrate the importance of
application of space technology in this field.

Key words: Floods Assessment, Space technology, Disaster.

1- Introduction

1.1 Background

Every year, river and coastal flooding in the world result
in major loss of life and property. The United Nation report
showed the result of disasters statistics collected world
wide during the 30 years period (1963 - 1992) and found
that floods killed more people than any other type of
disaster (22% all of deaths) and caused the most damage
(32 % of the total bill).

Salih Abdelrahim, A Mohamed, Dalal Elhaj Ibrahim

Sudan is one of the most disaster-prone countries in the
world and water-related disasters (e.g. flood, erosion,
seawater infiltration, etc.), which are the most serious
and highly frequent in Sudan, cause substantial suffering,
severe losses of life and economic damage. In the study
area, one more reason made water disasters became
increasingly serious is that almost all the agricultural lands
and the population lives in areas susceptible to flooding.
Remote sensing data (Landsat Image, TM 1987, 1988) in
frames covering an area with suitable to investigating part
area.

Flood is an unusually high stage in a river-normally the
level at which the river overflows its banks and inundates
the adjoining area. The damage caused by floods in terms
of loss of life, property and economic loss due to disruption
of economic activity are all too well known.

Floods cannot be controlled totally; however, flood damage
can be minimized by proper flood control measures.
Human activity tends to concentrate in flood-liable areas,
which are often convenient and attractive locations for
settlement and other economic endeavors resulting in
greater damages.

Space technology has emerged as the most powerful tool
for decision making in flood disaster management and
happens to be a critical source of information, on flood
inundation, progression/ recession and damage
assessment. Satellite images provide vital information
required by the decision makers at different phases in
flood disaster cycle i.e. pre flood (preparedness), during
flood (relief and rescue operations) and post flood
(mitigation measures). Landsat Satellite provides data in
a variety of spatial, spectral and temporal resolutions very
useful for mapping and monitoring flood events in near
real-time and operational mode. (V.Bhanumurthy, 2010).

This study is aimed to explore the capability of remote
sensing technique in hydrology application, particularly
for imaging flooded areas and monitoring its changes and
impact.

Flood- An overflow or inundation that comes from a river
or other body of water and causes or threatens damage.
Any relatively high stream flow overtopping the natural or
artificial banks in any reach of a stream is known as flood.
Flash flood- The result of heavy or excessive amounts of
rainfall within a short period of time, usually less than 6
hours, causing water to rise and fall quite rapidly.
Flood frequency- Refers to a flood level that has a specified
percent chance of being equaled or exceeded in any given
year. For example, a 100-year flood occurs on average
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once in every 100 years and thus has a 1 percent chance
of occurring in a given year (Link, R.C.1967).

1.2 Study Area

The Sharg En-Nile area east of Sudan /County in Khartoum
state was selected to represent the Operational System
of Flood Monitoring and Damage Assessment. The
boundary of the study area lies within the grids 32  55,
34  12 E and 16  15, 15  24 N with total area of 9464.91
Km². (Figure 1.)

1.3 The Situation

Torrential rains in Sudan since the beginning of August
1988 have caused the Nile River and other seasonal rivers
to over flow, resulting in extensive flooding in eight states
of the country. According to the Sudanese Government
authorities and media reports and latest assessment
results, more than 30 people have been killed, an
estimated 100 injured and more than 25,000 houses
destroyed by the floods. The floods have submerged
villages and caused immense damage to infrastructure,
including roads and bridges, also agricultural Lands.

data as well (Jeyaseelan, 1999).

2. Research Problem

Regions in Sudan are currently suffering from some kinds
of disasters particularly disaster of flood, the Sharg En-
Nile area is often suffered from various kinds of natural
disasters, while flood is one of the disasters, which affects
seriously the sustainable development of society and
economy in the area. The study area was badly affected
by the two severe floods of (1988 and 1994), which led
to the destruction of many houses and loss of many of
the agricultural lands. Property was largely damaged by
the two floods, especially the flood of 1988. So; this study
will focus on the flood of 1988, using remote sensing data.

3. Research Objective:

To explore the possibility of using the remote sensing
data and GIS techniques with tools to automatically
generate the maps and calculate the approximate damages
and assessment. Also to monitoring the gauge readings
of floods and rainfall causing flood in the study area.

4. Materials and Method

4.1 Materials:

The following materials were used to carry out this
research:

1. Rainfall data and floods records, used in this study,
were the long-term monthly rainfall data obtained from
Khartoum weather station from 1988, 1994, focusing on
1988.

2. Digital Elevation Model (DEM) of the study area has
been analyzed to produce Physiographic information such
as; contour lines, slope, hillshade, 3D landscape, and
drainage system maps; Arc map 9.3 software was used
for this function.

3. Remote Sensing data for (1987-1988) used in this study;
two landsat satellite images of the study area have been
utilized; one image before the cyclone (8th July 1987)
(Fig. 14) and one after cyclone (12th August 1988) (Fig.
15), were used in ENVI 4.5 software to produce the flooded
area maps of the study area to identify the damaged sites
and its extent in addition to assessment of the damaged
sites.

Fig 1. Location Map of the study area

1.4 Remote Sensing and Damage Assessment

During the floods, Remote sensing data provide timely
and detailed information that are required by the
authorities to locate and identify the affected areas and
to implement corresponding damage mitigation. It is
essential that information should be accurate and timely,
in order to address emergency situations (for example,
dealing with diversion of flood water, evacuation, rescue,
resettlement, water pollution, health hazards, and handling
the interruption of utilities etc.). Some important spatial
outputs are required to be produced and analyzed in real
time .for example, flood extent maps, real time monitoring
by remote sensing data and of damage to buildings and
infrastructure Maps. Moreover, meteorological reports
based on real-time remote sensing data are required to
show intensity/estimates, movement, and expected
duration of rainfall for the next 3 hours. Evaluation of
secondary disasters, such as waste pollution can be
detected and assessed during the crisis by remote sensing
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4.2 Method

Fig. (2) The methodology used in this study

4.3 Tools

4.3.1 Arc GIS 9.3 including the extensions: Spatial analysis
and Arc tools box.
4.3.2 ENVI software 4.5 including the extensions:
Classification tools to produce the flooded area maps.
4.3.3 Laptop Dell inspiron 1525. Intel (R) Pentium (R) DUL
CPU T 2390 @ 1.86 GHz 1.49 GB of RAM.
4.3.4 Smart Draw software 2010 including the extension
Flow Chart.
4.3.5 Surfer Plot software including 3D analysis.

5. Result and Discussion

5.1 Physiography of Study Area

The results obtained by using (DEM) Digital Elevation
Model 90m downloaded from SRTM web site, to generate
Contour lines, Hillshade, drainage system,3D landscape,
and slope maps for study area, so as to give us an idea
about topography unites was shown in Figs (3,4,5,6 and
7).

For the detailed study of the proposed site: the result
obtained from applying geo-spatial analyst for processing
the DEM 90 was contour lines, Hillshade, 3D, slope, and
drainage system, for the study area. The result was
presented here because it reveals a detailed situation of
the topography of the proposed area.

These maps have been shown in the Physiography of the
study area. We can notes, from the slope map that most
of the area falls in elevation more than 89.98 km². It
means that all the rainfall water will flow more quickly
and then led to cause damages, as we can see in the Figs.
7 and 8. Some settlements are distributed into drainage
system, so it is likely to cause more damage.

Fig. (3) Contour map for study area

Fig. (4) Slope Map for study area

    Fig. (6) Drainage Systems for study area

Fig. (5) Hillshade Map for study area

Fig. (7) 3D landscape for the study area
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in was recorded in the years 1988 and 1994. The years of
high rates of floods in the study area can be seen in Figures
(9, 10).
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5.2 Rainfall and Flood monitoring, Damage
Assessment

On August 21-31, 1988 an unusual northward penetration
of moist air and rain occurred over the Red Sea, Arabia
and the Ethiopian high lands. Heavy rainfall, as indicated
by metrological Authority (Sudan) values, occurred over
the Blue Nile basin and in particular over the upper Atbara
basin on the four days of 26-29 August. Rainfall continued
over the Ethiopian highlands in August and September.
After substantial storms at the end of July, a major storm
occurred over Khartoum on 4-5 August, with an associated
storm to the north. (J. V. SUTCLEFFE, 1988).

Fig. (8) Daily Rainfall in Khartoum storm 4-5 August 1988

Daily rainfall of 200 mm was measured at Khartoum
Airport, and 210 mm at Khartoum Central, with falls of
130-175mm in different parts of the city (Figure. 8).

This extreme storm caused immediate and widespread
flooding in the Study area, with consequential damage
to housing and installations. A description of the impact
is given by Hulme and Trilsbach (1989), one of whom was
in Sudan at that time. Study area is described as being
located in a tropical lake and an estimated 1.5 million
people were made homeless. Most of the houses and
shelters destroyed were around the periphery of the city,
often on previously unoccupied land. The storm of 4-5
August extended to the north of Khartoum towards Atbara
and Merowe, and caused high flows in ephemeral
watercourses and widespread disruption of
communications. Two smaller storms affected Khartoum
on 12 and 15 August.

The result obtained from this; there is a close relationship
between the occurrence of floods and rainfall in the study
area and through the meteorological information was
described in the Figures (9, 10) and Table (1). We notice
that there is fluctuation in the amount of rain in the
seventies decreased the amount of rain then began to
rise at the end of the eighties and fell in the early nineties
and rose once other in the mid-nineties.

Table-1 shows the fluctuation in the amount of rain during
the periods 1972-1989 and 1990-2007. The highest rainfall

Table 1. Shows the rainfall in the study area during 1989 -2007

The following paragraphs review the spatial and temporal
configuration of rainfall as constructed by Sudan
Metrological Authority. This paragraph illustrates the
annual magnitude of rainfall in the study area. On annual
basis, the rainfall values showed two maxima (1988 and
1994). In 1988, the rainfall is 415 mm and in 1994 it was
401 mm. The rainfall in all other years was minimum.

Fig. (9) Rainfall of study area from 1972 – 1989

Fig. (10) Rainfall of study area from 1990 – 2007

5.3 Flood Peak and Frequencies

To put the recent floods into perspective, the peak flows
have to be compared with flood frequency curves at sites
with long-term measurements. Historical monthly flows
are available in the Nile basin (Figures 11, 12). However,
discharge measurements have been made every few days
during the flood period at most sites. These figures show
the flood peak and frequencies in 1988 and 1994.
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Fig. (12) Daily gauge readings of floods at Khartoum
station in meters in1994

Fig. (11) Daily gauge readings of floods at Khartoum station in
meters in1988

Result of total floods peak generated from Metrological
information in proposed site is shown in Figure 13.

Fig. (13) Total Peak of floods recorded in study area (1994, 1988)

One can see the total peak of flood during the two years.
The peak of flood in the year 1988 is 504.36 meter, and
it is higher than the peak of flood of 1994, It is more
significant and dangerous, because the damages related
to 1988 flood were very huge.

5.4 Floods Damages Using (Landsat TM 1987, 1988)

The two images have been geometrically corrected. Then,
Area of Interests (AOI) have been extracted from the
images using (Subset function) in ENVI 4.5 software using
visual observations depending on flood impacts from the
recent image (after event image). Change detection
technique used here to compare (AOI) from (after event
image) with their counterparts in the old image (before
event image) using (Geo-link function) in ENVI 4.5. This
technique can be included within "Visual Analysis"
techniques where visual interpretation is used to identify
the change by on-screen digitizing from images of different
dates (LU et.al, 2004).

Areas of Interests (AOIs) have been extracted from the
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As a result obtained from Analysis of the tow images
Figure 15 shows damages of the agricultural lands and
urban area (after the flood event). All this areas were
damaged by the peak of flood event in 1988, as shown
in Fig 15. These results show the situation and how the
flood damages agricultural and urban lands in the study
area.
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two images. The results obtained from applying this
methodology are shown in Figures (14, 15 and 16).

Result obtained from using change detection method for
processing the map as detailed to affected area shown in
Fig. 16. That can be seen in red and black colors. These
colors show us agricultural lands and urban areas damaged
by 1988 flood, as presented in Table-2.

For the detailed area affected by flood, Table-2 gives us
an idea about the agricultural lands and urban areas that
were affected by1988 flood.

Fig. (14) Part of an agricultural Land and Urban area before flood
event, 1987

Areas of interests (AOIs) have been extracted from the
two images. As a result obtained from applying this
methodology, Figure 14 illustrates a part of the agricultural
lands and urban areas (before event flood). As one can
see in Figure 16 the red and gray colors represent the
agricultural and urban lands in part of the study area, as
indicated by yellow color, before flood event in 1987.

Fig. (15) Part of damages of an agricultural Land and Urban
area after flood event, 1988.

Fig, (16) Flood affected area (Red -Black) color

Table 2. Part of area affected by flood of 1988

Results obtained from using landsat image of 1987 and
1988 are presented in Figures 17 and 18. These figures
show the study area affected by flood of 1988 and flood
extent in the area Figure 18.

Fig. (17) Shown part of the area before flood in left (1987) and after
flood in the right (1988)

The image in the left has shown the area before the flood
event in 1987. Once can see the agricultural lands at the
red colors in all sites. But the image in the right shows
the part of the same area after flood event in 1988. One
can see that all the agricultural lands, urban planning and
the islands wave disappeared.
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considered to mitigate the problem in the study area. This
includes the following recommendations:

- The method outlined in this paper can be adopted for
monitoring, studying, assessing the damage caused by
the flood in the entire country. Thus, it ends up with a
thorough product required for controlling floods.
- Remote sensing data are very useful for monitoring and
assessment of the flood and its impact, by temporal and
real-time products.
- Since Sudan lacks proper risk maps of surface water
systems, which are essential and urgently required for
flood and risk management, it is recommended to adopt
the methodology detailed in this paper to produce proper
maps and geodatabases of the drainage system, which
will represent a major component of a powerful decision
support system in this field.
- The task of flood control and its impact require the
contribution of a multi-disciplinary team including, but is
not limited to, soil specialists, surveying engineers,
geologists, meteorological specialists, hydrological
engineers, social, economic and environmental
specialists,… etc. Therefore, it is recommended that the
contribution of all such experts will be sought in order to
carry out such a task in the proper manner. Consequently;
a surface water network, which is useful for the whole
country and necessary for controlling the floods in the
study area and other areas, can be produced in a very
short time and with minimum cost and effort.

7. References

[1] D. LU, P. MAUSEL, E. BRONDI´ZIO and E. MORAN,
Change detection techniques, International Journal of
Remote Sensing, VOL. 25, NO. 12, PP 2365-2407, 20 JUNE,
(2004).
[2] General Authority for Meteorology _ Sudan, Khartoum,
web site; http://www.ersad.gov.sd/
[3] Hulme, M. & Trilsbach, A. (1989) The August 1988
storm over Khartoum: its climatology and impact. Weather
44(2), 82-90.
[4] Jeyaseelan, A.T.: Droughts & Floods Assessment and
Monitoring Using Remote   Sensing and GIS, (1999).
[5] J. V. SUTCLEFFE: The Sudan floods of 1988.
[6] Link, R. C., Flood Control alternatives and the economics
of flood protection, water Resources Research, 3 (1967).
[7] Shuttle Radar Topography Mission (SRTM), web site;
http://edc.usgs.gov/srtm/index.html.

Fig. (18) Shown the flood extent in the area in 1987 left -1988 right

As a result obtained from the analysis of images, Figure
18 shows the flood extent in the area as a comparison
between the images in 1987 and 1988. This is a very
important result, because it shows what we can do to
protect the area from flood damage in the future. The
image in the left shows the drainage system without flood
extent in the area before flood event in 1987, while the
image in the right the flood extent in the area after flood
event in 1988. One can see the flood extent in the blue
color. Part of the settlements distribution in the flow
direction of the flood can also be seen.

6. Conclusion and Recommendation

In this study, remote sensing data and techniques provided
by GIS have proven their usefulness in disaster
management planning especially in mapping the new
situation after the disaster, which helps in updating the
geographical database. This can be used for the
reconstruction of the damaged area. GIS helps to interpret
information by creating satellite based thematic maps
that show the spatial dimension of the affected areas.
This will ease information analysis for successive stages
of the process of assessing the damage caused by the
disaster, especially re-building damaged facilities and
infrastructure. Landsat images with its suitable-resolution
proved usefulness for pinpointing locations and the
representation of damages.

Flood damage assessment is very much important;
because unless the estimation of loss caused due to flood
is not being calculated, mitigation and rescue work can’t
be carried out properly. Not only that, for long term
planning regarding the prevention, warning, monitoring
and relief along with the flood protection works damage
assessment is very much meaningful. This involves the
interaction among different government and private
agencies on one hand and the people of the country
facing the disaster on the other hand, in making use of
information and carrying out the above task.

Based on the findings of this study, to control the flood
and its impacts in the study area, some measures may be
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Considerable applications of InSAR have been developed
leaving it an established technique for high-quality DEM
generation from spaceborne and airborne data and that
it has advantages over other methods for the large-area
DEM generation. It is capable of producing DEMs with
the precision of a couple of ten meters, while its movement
map results have sub-centimeter precision over time
spans of days to years. Terrestrial use of InSAR for DEM
generation was first reported in 1974. It is used for different
means particularly in geo-hazards and disasters like
earthquakes, volcanoes, landslides and land subsidence.

Abstract:

Space technologies have proved to play key role in the
sustainable development in national, regional and global
levels. Earth observation techniques are considered of
great importance amongst these technologies. Radar
remote sensing is one of the new earth observation
technologies with promising results. Synthetic Aperture
Radar Interferometry (InSAR) is a sophisticated radar
remote sensing technique for combining complex images
to form interferograms and utilizing their phase
contribution to land topography, surface movement and
target velocity. In recent years considerable applications
of Interferometric SAR technique are developed. It is an
established technique for precise assessment of land
surface movements, and generating high quality Digital
Elevation Models (DEM) from spaceborne and airborne
data. InSAR is able to produce DEM with the precision of
a couple of ten meters, whereas its movement map results
have sub-centimeter precision. The technique has many
applications in the context of earth sciences such as in
topographic mapping, environmental modelling, rainfall-
runoff studies, landslide hazard zonation and seismic
source modelling.

In this paper the experience gained on this new satellite
technology applied for damage monitoring and risk
assessment in course of the continuous research work
since 1994 in the Iranian Remote Sensing Center and the
Iranian Space Agency is given and different case studies
on the variety of the phenomena including the Izmit quake
of August 1999, the Bam quake of December 2003 and
few other calamities of recent years are discussed.

Introduction

Radar remote sensing is accounted for as a new earth
observation technology with promising results and future.
Its potentials and capacities by itself and being a strong
complementary tool for optical and thermal remote
sensing are undeniable currently. In course of the years
of explorations and examining the new radar technologies,
their unique possibilities to comply the needs and
answering the questions that the classic optical and
thermal remote sensing techniques have been unable or
difficult to tackle has grown the expectation that radar
technologies can play a key role in bridging the gaps in
this connection.

Nowadays, radar remote sensing in general and Synthetic
Aperture Radar (SAR) technique in particular represent
their values and potentials increasingly. Radar is a useful
tool for land and planetary surface mapping. It is a good
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Monitoring of the damages from space, using new microwave Earth observation
techniques

Parviz Tarikhi

means for obtaining a general idea of the geological setting
of the area before proceeding for field work. Time,
incidence angle, resolutions and coverage area all play
important role at the outcome.

Newly emerging InSAR techniques

SAR interferometry (InSAR), Differential InSAR (DInSAR)
and Persistent Scatterer (PSInSAR) are the new techniques
in radar remote sensing. By using InSAR technique very
precise Digital Elevation Models (DEM) can be produced
which privilege is high precision in comparison to the
traditional methods. DEM refers to the process of
demonstrating terrain elevation characteristics in 3-D
space, but very often it specifically means the raster or
regular grid of spot heights. DEM is the simplest form of
digital representation of topography, while Digital Surface
Model (DSM) describes the visible surface of the Earth.

InSAR is a sophisticated processing of radar data for
combining Synthetic Aperture Radar (SAR) Single Look
Complex (SLC) images to form interferogram and utilizing
its phase contribution to generate DEM, surface
deformation and movement maps and target velocity.
The interferogram contains phase difference of two images
to which the imaging geometry, topography, surface
displacement, atmospheric change and noise are the
contributing factors. Orbit baseline changes can produce
varying phase shifts, while the parallel baseline component
plays key role in producing interferograms (Fig. 1).

Fig. (1) Orbit baseline changes can produce varying phase shifts.
The parallel baseline component plays key role in producing

interferograms.
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Data sources and software

Satellite-based InSAR began in the 1980s, using Seasat
data. Its potential was expanded in the 1990s with the
launch of ERS-1 (1991), JERS-1 (1992), Radarsat-1 and
ERS-2 (1995); which provided the stable well-defined
orbits and short baselines necessary for InSAR. The 11-
day NASA STS-99 mission in February 2000 used two SAR
antennas with 60-m separation to collect data for the
Shuttle Radar Topography Mission (SRTM). As a successor
to ERS, in 2002 ESA launched the Advanced SAR (ASAR)
aboard Envisat. Majority of InSAR systems has utilized the
C-band sensors, but recent missions like ALOS PALSAR
and TerraSAR-X are using L- and X-bands. ERS and Radarsat
use the frequency of 5.375 GHz for instance. Numerous
InSAR processing packages are also used commonly.
IMAGINE-InSAR, EarthView-InSAR, ROI-PAC, DORIS, SAR-
e2, Gamma, SARscape, Pulsar, IDIOT and DIAPASON are
common for interferometry and DEM generation.

InSAR and DEM Generation Methods

DEM is important for surveying and other applications in
engineering. Its accuracy is paramount; for some
applications high accuracy does not matter but for some
others it does. Numerous DEM generation techniques
with different accuracies for various means are used.
DEMs can be generated through different methods, which
are classified in three groups that are DEM generation by
(i) geodesic measurements, (ii) photogrammetry and (iii)
remote sensing.

In DEM generation by geodesic measurements, the
planimetric coordinates and height values of each point
of the feature are summed point-by-point and using the
acquired data the topographic maps are generated with
contour lines. The 1:25000-scale topographic maps are
common example. The method uses contour-grid transfer
to turn the vector data from the maps into digital data.
For DEM generation by photogrammetry, the photographs
are taken from an aircraft or spacecraft and evaluated as
stereo-pairs and consequently 3-D height information is
obtained.

DEM generation by remote sensing can be made in some
ways, including stereo-pairs, laser scanning (LIDAR) and
InSAR. There are three types of InSAR technique that is
single-pass, double-pass and three-pass (Fig. 2). In double-
pass InSAR; a single SAR instrument passes over the same
area two times, while through the differences between
these observations, height can be extracted. In three-pass
interferometry (or DInSAR) the obtained interferogram
of a double-pass InSAR for the commonly tandem image
pairs is subtracted from the third image with wider
temporal baseline respective to the two other images. In
single-pass InSAR; space-craft has two SAR instruments
aboard, which acquire data for the same area from
different view angles at the same time. With single-pass,
third dimension can be extracted and the phase difference
between the first and second radar imaging instruments
gives the height value of the point of interest with some
mathematical method. SRTM used the single-pass
interferometry technique in C- and X-bands. Earth's height
model generated by InSAR-SRTM with 90-m horizontal
resolution is available, while the DEM with 4-to-4.5-m
relative accuracy is also available for restricted areas
around the world.

Comparison

InSAR ability to generate topographic and displacement
maps in wide applications like earthquakes, mining,
landslide, volcanoes has been proven. Although other
facilities like GPS, total stations and laser altimeters are
also used, comparison between InSAR and these facilities
reveals its reliability. Laser altimeters can generate high
resolution DEM and low resolution displacement maps
in contrary to InSAR with the spatial resolution of 25m.
However, most laser altimeters record narrow swaths.
Therefore, for constructing a DEM by laser altimeter, more
overlapping images are required. Displacement map
precision obtained by terrestrial surveying, using GPS and
total stations, is similar or better than InSAR. GPS generally
provides better estimation of horizontal displacement
and with permanent benchmarks slow deformations is
monitored for years without being concerned about
surface de-correlation. The most important advantage of
InSAR over GPS and total stations is wide continuous
coverage with no need for fieldwork. Therefore, wide and
continuous coverage, high precision, cost effectiveness
and feasibility of recording data in all weather conditions
are its main privileges. However, it is important that the
InSAR displacement result is in the line-of-the-sight
direction and to decompose this vector to parallel and
normal components the terrestrial data or extra
interferograms with different imaging geometry are
required. It is shown that DEM generated by
photogrammetric method is more accurate than the
others. It has approximately 5.5m accuracy for open and
6.5m for forest areas. SRTM X-band DSM is 4m less
accurate for open and 4.5m less accurate for forest areas.

Fig. (2) Differential interferometric SAR data collection scheme
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Data availability and atmospheric effects limit the use of
InSAR, Moreover, processing of its data is challenging. For
each selected image pair, several processing steps have
to be performed. One of the current challenges is to bring
the techniques to a level where DEM generation can be
performed on an operational basis. This is important not
only for commercial exploitation of InSAR data, but also
for many government and scientific applications. Multi
pass interferometry is affected by the atmospheric effects.
Spatial and temporal changes due to the 20% of relative
humidity produce an error of 10 cm in deformation.
Moreover, for the image pairs with inappropriate baseline
the error introduced to the topographic maps is almost
100 m. In topographic mapping this error can be reduced
by choosing interferometric pairs with relatively long
baselines, while in the displacement case the solution is
to average independent interferograms.

Why InSAR’s DEMs are better?

Distinction between SAR imaging and the optical systems
are more profound than the ability of SAR to operate in
conditions that would cause optical instruments to fail.
There are basic differences in the physical principles
dominating the two approaches. Optical sensors record
the intensity of radiation beamed from the sun and
reflected from the features. The intensity of the detected
light characterizes each element of the resulting image
or pixel. SAR antenna illuminates its target with coherent
radiation. Since the crests and troughs of the emitted
electromagnetic wave follow a regular sinusoidal pattern,
both the intensity and the phase of returned waves can
be measured.

InSAR has some similarities to stereo-optical imaging in
that two images of the common area, viewed from
different angles, are appropriately combined to extract
the topographic information. The main difference between
interferometry and stereo imaging is the way to obtain
topography from stereo-optical images. Distance
information is inherent in SAR data that enables the
automatic generation of topography through
interferometry. In other words DEMs can be generated
by SAR interferometry with greater automation and less
errors than optical techniques. Moreover, using DInSAR
surface deformations can be measured accurately.

Different DEM generation methods of Advanced
Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) stereoscopy, ERS tandem InSAR, and SRTM-InSAR
are used. Both the ERS-InSAR and SRTM DEMs are free
of weather conditions, but ASTER DEM quality may be
affected by cloud coverage in some local areas. InSAR has
the potential of providing DEMs with 1-10cm accuracy,
which can be improved to millimeter level by DInSAR. Its
developments are rapid. However, it is our requirements
that decide which one is better for use.

InSAR applications

InSAR techniques are developing rapidly and increasingly.
Its civil applications includes:

  Oceanography - Ocean wave, ocean currents, wind,
circulation, bathymetry.
   Hydrology - Wetland assessment.
   Glaciology - Glacier motion, polar research.
   Seismology - Co-seismic displacement field.
   Volcanology - Prediction of volcano eruption.
   Subsidence and uplift studies.
   Change detection.
   Coastal zones.
   Forestry - Forest classification, deforest monitoring.
   Cartography - DEM, DTM, topographic mapping.
   Geology - Geological Mapping, tectonic applications.
   Soil Science - Soil moisture.
   Agriculture - Crop monitoring.
   Environment - Oil spill, hazard monitoring.
   Archaeology - Sub-surface mapping.

while the non-civilian application are as below:

   Reconnaissance, surveillance, and targeting.
   Treaty verification and nonproliferation.
   Navigation and guidance - Sandia National Lab. 4-inch
SAR.
   Foliage and ground penetration.
   Moving target detection.
   Target detection and recognition.

Using InSAR technique for earthquake monitoring
and detecting precursors

In course of the years since 1994, studies and verifications
by the Microwave Remote Sensing Group that is currently
based at the Mahdasht Satellite Receiving Station affiliated
to the Alborz Space Center of the Iranian Space Agency
has been carried out continuously; good and valuable
achievements gained on InSAR technology applications.
The results achieved by combining the available SAR image
pairs of the areas hit by the quakes look interesting and
promising. If the geodynamic phenomena in general and
earthquakes in particular are the result of different
processes  and interactions in Sun-Earth System and
beyond, then the occurrence of such phenomena would
be detectable by investigation and continuous monitoring
of the dynamism and changes in the features. The studies
include verifying and investigation of the variety of the
phenomena namely Izmit quake of August 1999, Bam
quake of December 2003, L'Aquila quake of April 2009,
Haiti earthquake of January 2010 and Chile earthquake
of February 2010. However, empirical field checkups are
still necessary and the job will be followed up for examining
other sites around the globe.
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Examples of our practical studies and achievements

(I) In Fig. 3, the top images at the left and right show the
tandem amplitude data of 12 and 13 August 1999 (4 and
5 days pre-quake) of Izmit, Turkey (hit by an earthquake
of the magnitude 7.4 in Richter scale on 17 August 1999)
as master and slave images respectively. The research
team conducted by the author used the ERS-

1&2 data provided by the European Space Research
Institute (ESRIN), and the Earth-view and SAR Toolbox
softwares to generate the variety of related products. The
normal baseline for the image pair is 224.2 m and parallel
baseline is 91.1 m. The image at the bottom left is the
coherence image while the right  image, at the  bottom
depicts  the DEM

(Image credit: Parviz Tarikhi)

Fig (3) InSAR products of Izmit area in western Turkey

image where the interferogram is overlaid on it. For each
product the relevant histogram is seen as inset. The
similarity of the histograms of master and slave images
is considerable due to the high correlation of the images
that is clearly seen in coherence image. It is important to
note that lowest coherence values (darkest values)
correspond both to steep slopes or vegetated areas
(especially visible in the lower part of the image) and to
the lakes (image center and left). DEMs generated from
the tandem images are accurate because of the high
correlation between master and slave images. Although
both the master and slave images are pre-earthquake
data of the earthquake of August 17, 1999, the strain in
the disaster area is visible a week before the quake (as f

ore shocks). It could be a useful precursor for the advent
of a disaster like the earthquake in Izmit. Fig. 4 compares
the image pairs of before and after quake of Izmit area.
Images in the right side shows the combinations of before
quake (as fore shocks) and those in the left side shows
the combinations of images acquired after quake (as post
shocks). The image in top right is produced by combining
the ERS SLCI pairs of 20 March 1999 and 24 April 1999
(113 days and 144 days before quake), with the normal
baseline of  228.264 m and parallel baseline of 27.607 m.
The image in bottom right is produced by combining the
ERS tandem image pairs of 12 and 13 August 1999 (4 and
5 days before quake) with the normal baseline of 224.190m
and parallel baseline of
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91.097 m. The image on top left is produced by combining
the ERS tandem image pairs of 10 and 11 September 1999
(23 and 24 days after quake) with normal baseline of
183.313 m and parallel baseline of 73.239 m. The image
in bottom left is produced by combining the ERS tandem

image pairs of 16 and 17 September 1999 (1 month after
quake) with normal baseline of 234.443m and parallel
baseline of 103.386 m. In all of the cases the anomaly
around the place the quake hit by is quite distinguishable.

Fig. (4) Comparison of the InSAR products of before and after Izmit quake of western Turkey

(II) Advent of the awful earthquake of December 26, 2003
in Bam, Iran has drawn the attention of the many scientific
and humanitarian organizations to study the phenomenon
and its causes and origins as well as its impacts and
developments. Fig. 5 shows the position of the area on
a satellite image with the photos of the pre and post-
quake views of the Citadel Bam as insets. In Fig.6, the left
image is the topo-DInSAR product acquired from the
Envisat-ASAR data of 11 June and 3 December 2003, while
the image at right is the topo-DInSAR product generated
by combining the SLC images of 3 December 2003 and 7
January 2004. The team conducted by the author used
the data provided by ESRIN, and the DORIS and IDIOT
softwares to generate the products. The middle image
obtained by NASA scientists is the 3-D perspective view
of vertical displacement of the land surface south of Bam
during the 3.5 years after the 6.6 earthquake of December
26, 2003 that is derived from analysis of radar images.
Blue and magenta tones show where the ground surface
moved downward; yellow and red tones show upward

motion (particularly in south of Bam). Displacements are
superimposed on a  false-color  Landsat  Thematic
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(Image credit: Parviz Tarikhi)

Fig. (5) Satellite view of Bam area with the pre and post-quake photos of the Citadel Bam as insets

Mapper image taken on 1 October 1999. In the right
image that is obtained from the ASAR data pre and post-
earthquake the curl-shape pattern south of Bam is
distinguishable where such the torsion is not visible in
the left image that is obtained from pre-earthquake data.
For the left image the normal baseline is 476.9 m and
parallel baseline is 141.6 m, while for image at right the
normal baseline is 521.9 m and the parallel baseline is
268.3 m. The right image demonstrates that the related

interferogram includes four lobes. Since the displacement
in the east is greater than that in the west, the related
lobes are larger.  The displacements measured along the
radar line-of-sight direction are 30 cm and 16 cm at south-
east and north-east lobes of the interferogram,
respectively. However, the displacement related to the
western part of the area is about 5 cm along the radar
line-of-sight direction.

(Image credit: Parviz Tarikhi)

Fig. (6) Bam area’s topo-DInSAR images and DEM
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(III) The 2009 L’Aquila earthquake occurred in the region
of Abruzzo, in central Italy. The main shock was registered
at 3:32 local time on April 6, 2009. Its intensity was 5.8
on the Richter scale and 6.3 on the moment magnitude
scale.

Its epicenter was near L’Aquila, the capital of Abruzzo,
which together with the surrounding villages suffered
most damage.  There  have  been  several   thousand
foreshocks  and  aftershocks  since  December   2008,

Fig. (7)  Image products generated by combining the Envisat ASAR image pair of March 11 and June 24, 2009 (27 days before and 78 days after
the trembling) with 239.54 meters virtual baseline and 61.45 meters parallel baseline

more than thirty of which had a Richter magnitude greater
than 3.5. The earthquake was felt throughout central Italy;
308 people are known to have died. The investigation and
study work on this event was started by the Microwave
Remote Sensing Research Core conducted by the author
since early July 2010. Thanks to the availability of the
radar data provided by the European Space Research
Institute (ESRIN) affiliated to the European Space Agency
(ESA). Using Synthetic Aperture Radar (SAR) Interferometry
technique the investigation and research work on the
data, which includes the single look complex images (SLCI)
of the C-band Advanced Synthetic Aperture Radar (ASAR)
image mode system of Envisat satellite in addition to
other type of data, was carried out.

The two image sets included in Fig. 7 and Fig. 8 respectively
are the samples of the products generated by combining
the Envisat ASAR images pair of March 11 and June 24,
2009 (27 days before and 78 days after the trembling)
with 239.54 meters virtual baseline, and the images pair
of January 28, 2007 and May 17, 2009 (798 days before
and 41 days after the quake) with 580.82 meters virtual
baseline.
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Fig. (8) Image products generated by combining the Envisat ASAR image pair of January 28, 2007 and May 17, 2009 (798 days before and 41 days
after the quake) with 580.82 meters virtual baseline and 216.10 meters parallel baseline

Fig. 9 compares the phase-flattened products of L'Aquila
area. On the top row those products are given which their
relevant SLCIs are all acquired before the L'Aquila
earthquake of 2009 (fore shocks) while in the bottom row
the products generated from the combination of SLC
image pairs which one is acquired before and the other

after quake are given. The anomalies in the first row
images are considerable. Like the case of Izmit quake of
17 August 1999 in Turkey (see Fig. 4) they could be
considered as precursors for the incidence of the quake
on 6 April 2009.
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Fig. (9) Comparison of the phase-flattened products of L’Aquila area, central Italy

(IV) Fig. 10 shows the sample of data products in the
framework of the research and study work on Haiti
earthquake. On January 12, 2010, Tuesday a huge quake
measuring 7.0 rocked the Caribbean Haiti. It destroyed
mainly the capital of Haiti, Port-au-Prince toppling buildings
and causing widespread damage and panic. Using the
radar data provided by the European Space Research
Institute (ESRIN) affiliated to the European Space Agency
(ESA) an investigation and research work on the available
data has been carried out since early March 2010. The
data included 47 single look complex images (SLCI) of th

e C-band Advanced Synthetic Aperture Radar (ASAR)
image mode system of Envisat satellite in addition to
other type of data. The results sound good and the samples
of phase flattened products below generated for the area
of study. The products are generated by combining the
Envisat ASAR post-quake descending image pairs acquired
on 20 January 2010 and 24 February 2010 (baseline 434.40
m), 26 January 2010 and 2 March 2010 (baseline 279.98
m), and post-quake ascending images of 30 March 2010
and 19 January 2010 (baseline 165.61 m).  All three
products refer to post shocks.

Fig. (10) InSAR products of Haiti area in North America
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For the Chile study area following the disastrous
earthquake of 27 February 2010, with the magnitude of
8.8 on Richter scale a sample of the results of combination
of image pairs is given in Fig. 11. It shows the combination
of the post-quake SLC image pairs of 26 March 2010 and
30 April 2010 with the baseline of 251.05 m (post shock).

Conclusions and Suggestions

The results achieved by combining the available SAR image
pairs of the study areas suggest that if the geodynamic
phenomena in general and earthquakes in particular are
the result of different processes and interactions in Sun-
Earth System and beyond, then the occurrence of such
phenomena are detectable by investigation and
continuous monitoring of the dynamism and changes in
the features. SAR Interferometry is a useful technique for
this purpose. By applying the technique, the anomaly
around the place where the quake occurs is detectable
and visible apparently. Detecting the anomalies, fore
shocks could be the precursor of the incidence of the
dynamic phenomena like a quake/s. Detected anomalies
that refer to fore shocks and post shocks are the indication
of oscillatory behaviour of the fault system. It can be
modelled, if sufficient data and information are accessible.

Newly developed InSAR techniques like PSInSAR (Persistent
or Permanent Scatterer) technique and SqueeSAR
technique could lend a good hand of assistance and
usefulness in detecting and change detection of anomalies
and dynamism. Persistent Scatterer Interferometry (PSI)
is a revolutionary new technique for measuring ground
displacements to a degree of accuracy and over time
periods previously unachievable using conventional
interferometry methods. Monitoring the seismic faults
and volcanic areas, subsidence and uplift, and landslide
and instability phenomena are amongst the common
applications of PSInSAR technique. The ease with which
PS data can be updated suits the improvement of early
warning systems in matters of Civil Protection. Whether
by natural failure or from manmade activities (e.g.
extraction of water/gas/oil), the PS technique provides

Fig. (11) InSAR products of Chile area in South America that was
hit by the earthquake of 8.8 Richter on 27 February 2010

regular updates on displacement patterns. It is particularly
suited to monitoring urban subsidence where conventional
methods of survey cannot match the information density,
at similar cost. The PS technique is also capable of
identifying the extent of unstable land and the
corresponding rate of movement, when slow movements
occur. The integration of PS data within a GIS and regular
updating of PS data significantly increases the potential
of microwave remote sensing for landslide investigations.
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Drought Mining of Spot Vegetation Temporal Data for Prevailing Food
Insecurity in Potohar Region

Abstract:

Drought is posing a significant threat to food security in
climate change scenario. Satellite data based drought
mining provides potential tool for food security with an
additional benefits of spatial coverage and vegetation
monitoring. This study was primarily focused to evaluate
the use of SPOT satellite vegetation temporal data for
monitoring of drought impacts on wheat crop from its
emergence till harvesting in Potohar region of Pakistan.
Secondly, the rainfall pattern was compared with satellite
vegetation data for drought assessments. The data used
include the time series starting from 1998-99 to 2010-11;
observed wheat yields, SPOT vegetation indices and
Rainfall at district level. Drought impacts on wheat are
categorized into severe drought (<1000 kg/ha), medium
drought (1000-1300 kg/ha), low drought (1300-1500
kg/ha), normal season (1500-1800 kg/ha) and good Season
(>1800kg/ha) based on finally observed wheat yields.The
cumulative analysis of Potohar region revealed that SPOT
vegetation data are more consistent as compared to
cumulative rainfall based on drought monitoring and
wheat yields assessments.

Introduction:

Drought is most complex but least understood among all
natural hazards. There is no single universally accepted
definition of drought as it is dependent on many
climatological parameters with significant spatial variability
(Loukas et al., 2002; Dalezios et al., 1991). Drought can
be categorized into meteorological, hydrological,
agricultural and socio-economic drought based on time
scales and its impacts (Heim, 2002). Main characteristics
of any drought are its type, severity, frequency, duration
and spatial extent (Kanellou et al., 2008). Drought
occurrence is obvious when there are abnormal dry
weather conditions and low rainfall more than normal
condition of the area resulting in decrease of water level
in rivers, lakes along with long lasting impact on agricultural
production, livestock and overall economy (Shaheen et
al., 2011 and Nagarajan, 2003). According to Lewis (2009),
the natural hazards like drought become natural disasters
when they destroy the people's life and livelihoods with
an average of 397 disasters per year at global level starting
from 21st century.

Droughts are recurring climatic events, which often hit
South Asia, bringing significant water shortages, economic
losses and adverse social consequences. The latest drought
in South Asia during 2000-03 affected more than 100
million peoples. Furthermore, political instability and
economic crisis aggravate the drought impacts
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(Thenkabail, 2004). Preparedness for drought should form
an important part of national environmental policies as
information on drought onset and development is not
readily available.

Remote sensing is inherently useful for disaster
management with high frequency and large area coverage.
Remote sensing provides opportunity to cover whole
disaster cycle of preparedness, response, recovery and
mitigation through hazard mapping, risk mapping, damage
assessment, vegetation monitoring and others. Since late
1980's satellite data have been used for drought
monitoring and agricultural crop damage assessment
(Kogan, 1997). Drought can be monitored through ground
as well as through remote sensing observations. Although
ground based drought monitoring is direct and accurate,
but is labour intensive and higher cost involvement as
compared with fast and economic way of remote sensing
(Gao et al., 2008).

Drought monitoring indices are radiometric measurement
of condition and its dynamics in the domain on Red and
Infrared wavelengths (Huete et al., 1997, 2002) with
sensitivity to type of vegetation and its growth stage
(Clevers and Verhoeff, 1993; Thenkabail, 2003), ground
coverage and canopy leaf structure and its orientation to
sensor and sun. Normalized Vegetation Difference Index
(NDVI) first suggested by Tucker (1979) as index of
vegetation health and most common index in use today
for vegetation monitoring. It has been documented that
direct relation exists between NDVI and stress condition
in vegetation (Schmidt and Karnieli, 2000; Wong, 2003).
NDVI respond to vegetation vigour, Leaf Area Index and
amount of biomass (Teillet et al., 1997; Baret and Guyot,
1991). NDVI is detect drought based on assumption that
photosynthetic activity in vegetation during growing
season is affected by drought (Peter et al., 1991 in Rahee
et al., 2010).Shofiyati et al. (2011) found interesting fact
that the area with high ground water level has higher
NDVI and natural vegetation like bushes and shrubs
respond easily to drought conditions. Copra (2006) found
that NDVI has more strong relation with precipitation in
water deficit regions. NDVI is simple with best dynamic
sensitivity with vegetation cover changes (Murai, 1995
and Ray, 1995). Direct use of NDVI for drought monitoring
is not very promising due to soil background insensitivity
as well as lagged response to rainfall (Reed, 1993;
Rundquist and Harrignton, 2000 and Wang et al., 2001).
This lag time behaviour of NDVI to rainfall is dependent
mainly on nature of vegetation dependence. Rainfed
agriculture has least lag time effect as compared to
irrigated agriculture (Farrar et al., 1994 and Wang, 2000).
NDVI has no direct relation to drought or non drought
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conditions, but can identify the severity of a drought may
be NDVI deviation from its long term mean (Thenkabail
et al., 2004) used as drought indicator (Johnson et al,
1993). Range and extent of NDVI deviation index at a pixel
level to region along with duration of its continuity provide
strong base for monitoring of drought magnitude and
persistence. According to Thenkabail (2004), the successive
below normal time period and its magnitude in Deviation
NDVI is powerful indicator for drought severity. Owrangi
et al. (2011) studied the monthly drought variability based
on hydrological, meteorological and vegetation aspects
from 10-daily SPOT NDVI data.

Drought is mainly due to rain deficit in the southwest
monsoon in Pakistan with some association with El Nino
and La Nina events. Frequency of drought in Pakistan is
high, affecting all provinces.  In some arid regions without
canal system, people look towards sky for water for their
crops and drinking water in Pakistan (Bhutto et al., 2009).
In Pakistan, annual water availability per capita has
decreased from 5600 cubic meter to 1200 cubic meter
from 1947 to 2001 (Kahlown, 2002). Akhtar (2011) argued
that remote sensing technology has developed into
specialized discipline for plant science ranging from crop
morphology, physiology at plant level to yield and area
estimation at regional to global levels. Population growth
and climate change posing a serious threat and are major
driving factor for food insecurity in Pakistan.

Material and Methods:

This study was primarily focused to evaluate the use of
SPOT satellite vegetation data for monitoring of drought
impacts on wheat crop from its emergence till harvesting.
Secondly, the rainfall pattern was compared with satellite
vegetation data for drought assessments. The data used
include the time series starting from 1998-99 to 2010-11;
observed wheat yields, SPOT vegetation indices and
Rainfall at district level.

Study Area

Potohar region includes Rawalpindi, Attock, Chakwal and
Jhelum districts of Punjab province. Agriculture in this
region is mostly rainfed, as there is no irrigation network
except some tube wells in areas like Pind daddan khan in
Jhelum. It contributes around 6% to total wheat acreage
in Punjab and around 3 % in term of its production. Most
of the wheat grown meets the domestic needs of the
farmers with little profit margin.

As this is a rainfed region, drought is one of the key factors
affecting the final wheat yields and consequently the
production. This area lies in the Northern parts of Punjab
province in Pakistan with 71.73 - 73.94 East and 32.35 -
34.01 North.

Remote Sensing Data

In order to study droughts of Potohar region, SPOT
vegetation sensor on board was used acquired from VITO
(VlaamseInstellingVoorTechnologishOnderzoek), Belgium
since April, 1998 (Owrangi et al., 2011). This SPOT VGT
Normalized Vegetation Difference Index is 1 square
kilometer resolution which is corrected for reflectance,
atmospheric scattering and other absorptions based on
procedures explained by Achard et al. (1994) and
Duchemin et al. (2000). NDVI is a earth surface feature
response in the Red and Infrared wavelengths with more
relevance to vegetation performance during its growing
season.

SPOT NDVI = (  IR -   Red))/(  IR+  Red)
Where
  IR is Reflectance in Infrared and   Red wavelengths, which
was observed by the satellite sensor and correspond to
relational absorption and reflectance by the plant surface
and its architectural structure.

These daily SPOT NDVI images were coverted into
Maximum Value Composite (MVC) based on ten days
images (Holben, 1986) to remove the cloud effects from
daily images and represent the vegetation cover changes
more reliably (Cuomo et al., 2001 and Lanfredi et al.,
2003). These decadal SPOT NDVI MVC images were used
for drought identification and its spatial coverage over
the period of 1998-99 to 2010-11 wheat growing season.
Wheat is a major food crop in this region sown during
October on the residual moisture conserve from previous
monsoon rainfall. Wheat crop harvesting normally start
from mid of April. Corresponding SPOT NDVI served as
possible drought indicator.

SPOT NDVI MVC=<Max(NDVIi1,NDVIi2………….NDVIi10)>

Where
NDVIi1 is the NDVI value for pixel i for day one and so on.
These images were averaged on monthly basis for wheat
growing season from November till end of April. These
monthly SPOT NDVI MVC were averaged to Wheat Season
NDVI for overall wheat growth performance for its
comparison with meteorological parameters for all last
thirteen years.

Meteorological Data

Meteorological data are core variables used in the
monitoring of the droughts at global level based on
information collected by the different instruments installed
at different locations on daily basis. These stations
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represent the location day to day weather conditions.
There are many weather parameters, which are collected
by each meteorological station. Among these rainfall
(mm), and the Minimum/Maximum Temperatures ( C)
are the most important ones. Daily meteorological data
of the study area were collected from Pakistan
Meteorological Department as static locations. These
stations based data provide localized information, which
lacks information about spatial patterns. These datasets
were organized on 10-daily basis and spatially interpolated
based on Geo-statistical modeling. Inverse Distance
Weighting (IDW) method was used for temperature
variables as it does not vary over smaller area. Rainfall
was interpolated based on Thin Plate Spline method,
which was most suitable for localized representation.
These interpolated images were extracted for each district
and meteorological database was developed for drought.
Cumulative rainfall was compared with SPOT NDVI MVC
for assessment of rainfall in term of vegetation growth
change.

Anomalies Analysis

Deviation (difference) indices were calculated for
simulating the worst drought and best wheat growing
season conditions from SPOT vegetation data and
cumulative rainfall (mm). These anomalies identify the
change in drought severity on temporal scale (Asthma
and Baig, 2011).  These anomalies negative values are
indicator of vegetative stress and extreme negative values
indicate the drought existence.

SPOT VGT MVC Anomaly =[(mNDVIi-mNDVIavr)]
Rainfall Anomaly =[(cRainfalli-cRainfallavr)]

Where
m = mean value
i = current decadal value
avr = thirteen years average decadal value

Wheat Crop Yield Based Anomalies

Drought directly affects the wheat crop yield from
germination stage till grain formation through limiting
crop water availability. Therefore, drought impacts on
wheat were categorized into severe drought (<1000 kg/ha),
medium drought (1000-1300 kg/ha), low drought (1300
-1500 kg/ha), normal season (1500-1800 kg/ha) and good
Season (>1800kg/ha) based on finally observed wheat
yields. Secondly, this will establish the relationship strength
between drought, meteorological data and SPOT satellite
NDVI data for drought monitoring in future.

Geographic and Agriculture Drought

Drought is an extreme event covering a vast area, but it
varies in its spatial impact due to variable rainfall in the
area. Assumption was made that not all crop of the area
will be equally affected by the drought, which could be

due to use of underground water or local weather systems.

Drought Risk Area Mapping

Risk area mapping of the potohar area was carried out to
identify the high risk area for drought based on thirteen
years from 1998-99 to 2010-11 cropping seasons.

Results and Discussion:

Preliminary Drought Incidence Analysis

This analysis revealed different level of drought severity,
spatial extents and temporal occurrence at district level.
Cumulative NDVI profiling and rainfall was used for the
comparison of drought detection (Figures 1 & 2). In Attock
district, the extreme vegetation drought years based on
cumulative NDVI profile observed were 2001-02 followed
by 2004-05, 2000-01 and 2002-03 in term of severity,
respectively. Cumulative rainfall revealed different
meteorological drought incidence pattern, which were
2009-10 followed by 2000-01, 2008-09, 2007-08, 2001-
02, 2010-11, 2005-06 and 1998-99.

Fig. (1) Temporal analysis of district based cumulative SPOT NDVI

Drought incidence condition based on NDVI was observed
for wheat years of 2009-10; followed by 2001-02, 2000-
01 and 2002-03 in Chakwal district. Wheat crop affected
by meteorological drought as observed in 2000-01;
followed by 2009-10, 2001-02, 2010-11, 2008-09, 2007-
08, 2005-06 and 1998-99. NDVI based drought incidence
in Jhelum district was observed during 2001-02; followed
by 2009-10, 2000-01, 2002-03 and 2008-09 respectively.
Meteorological drought incidence was observed during
wheat season of 2000-01; followed by 2009-10, 2001-02,
2010-11, 2005-06 and 2008-09. Drought incidence based
on NDVI was detected for the wheat season of 2001-02;
followed by 2009-10, 2000-01 and 2002-03 in Rawalpindi
districts, respectively. Meteorological drought incidence
was observed during 2000-01 followed by 2001-02, 2009-
10, 2010-11, 2005-06 and 2008-09 wheat seasons.

0
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Distinct behavior was observed in drought incidence
detection through cumulative SPOT NDVI and rainfall.
SPOT NDVI detected less number of drought incidence
years as it considers the spatial extent of drought and its
impact on vegetation like wheat crop. Rainfall based
meteorological drought incidence revealed almost twice
number of drought years in Potohar region. This could be
attributed to nature of data collection, which was a mere
local point observation which doesn’t represent the whole
district. NDVI based drought detection is not feasible as
well because some time it underestimate/overestimate
the drought severity due to its pixel resolution.

Fig. (2) Temporal analysis of district based cumulative Rainfall

Anomalies and Drought Conditioning

Deviation indices were the procedure to compare the
current situation with long term average for the districts.
These indices were calculated to understand the variability
in drought severity for each district based on SPOT NDVI
and rainfall. These thirteen years averaged indices covered
the whole growth period of wheat crop from November
till end of May. Cumulative SPOT NDVI anomalies represent
the drought conditioning based on thirteen years (1998-
99 to 2010-11).

Maximum and minimum cumulative NDVI represent the
highest and lowest vegetation performance (Figure 3a).
Maximum growth responses were observed around 2.5
and -2.0 NDVI units for drought condition level. Rawalpindi
district was observed least drought susceptible area
followed by Attock and Jhelum. Chakwal district was
observed most drought conditioned area with -0.4 NDVI
units on average spatial scale.Maximum and minimum
cumulative rainfall (mm) of Potohar region was used to
detect drought based on rainfall anomalies on decadal
basis (Figure 3b). November month was observed most
driest month with maximum rainfall of 20mm. Drought
condition starts in December with  20mm less rainfall
than long term average. January and February months
were observed crucial for the long term drought impact

observed as major drought impacts in Potohar region.
Rawalpindi was observed least drought district, followed
by Attock, Chakwal and Jhelum based on meteorological
basis.

Categorization of Drought Conditions and Wheat
yields

Wheat crop statistics of observed yield were used for
drought categorization at district level. Drought impacts
on wheat were categorized into severe drought (<1000
kg/ha), medium drought (1000-1300 kg/ha), low drought
(1300 -1500 kg/ha), normal season (1500-1800 kg/ha)
and good Season (>1800kg/ha) (Figure 4). Average wheat
yields observed were 760 kg/ha (severe drought), 1118
kg/ha (medium drought), 1352 kg/ha (low drought), 1597
kh/ha (normal season) and 1905 kg/ha (good season).
Attock, Rawalpindi and Chakwal were observed most
susceptible to severe droughts as compared to Jhelum.
Medium level drought was observed only in Chakwal and
Jhelum. Low level drought was observed more common
in Attock and Chakwal.

Fig. (3a & b) SPOT NDVI and Rainfall Anomalies

Fig. (4) Drought Categorization by wheat observed yields

Identified droughts categorized years were used for further
drought detection possibility from SPOT NDVI and rainfall.
Cumulative NDVI for wheat growing season revealed that
it delineate the drought categories well as compared to
cumulative rainfall. In case of rainfall, low and medium
droughts are dependent on time scale. Low drought was
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observed to become medium drought in the month of
February due to extended rainfall deficit

Fig. (5) SPOT NDVI and rainfall relation with categorized
drought classes

Wheat Yields Relationships with Spot NDVI and
Meteorological Data:

Observed wheat yield was co-related with SPOT NDVI and
rainfall data to find out suitability for drought
categorization (Figure 6). Results revealed that NDVI is
more related to observed yield ranging from R2 value of
0.30 - 0.60. Rainfall data of meteorological station was
less reliable with R2 value of 0.14 - 0.20. This proved that
SPOT NDVI based drought monitoring will be more stable
as compared to meteorological data of a static position.

Fig. (6) Relationship strength between monthly NDVI and Rainfall
with wheat yield

Spatial Patterns of Droughts in Potohar

Spatial patterns were identified for droughts in Potohar
region (Figure 7). Three out of twelve years were observed
drought free. Three years were observed to be affected
by the slight drought with less spatial impacts.
Furthermore, six years were observed with medium to
extreme droughts in this region. Distinctive behavior of
drought was observed that it starts with low drought and
takes one or two years to become devastation to cause
food security in region. Similarly, drought passes through
two or three years to diminish in term of its affects.

Fig. (7) Spatial Temporal behavior of drought in Potohar region

Geographic Drought and Agricultural Drought

Geographical drought was further partitioned into
agricultural and non-agricultural droughts to effectively
address drought impact on food security (Tables 1 & 2).
SPOT NDVI long term average was used to develop the
agricultural concentrated area in region based on crop
phenological analysis. This crop mask was used to extract
the agricultural drought area on temporal scale.
Agricultural droughts were observed in the range from 6
to 42 percent in term of total geographical drought. This
revealed that geographical drought was not evenly
distributed in space and time. District wise drought
analyses revealed that Rawalpindi is the least agricultural
drought prone; followed by Attock, Jhelum and Chakwal.
Geographic drought was observed in the range 348–658
thousand hectares as compared to agricultural drought
area of 83 – 232 thousand hectares.

Table 1. Geographical and Agricultural Droughts Area Statistics
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Table 2. District-wise Geographical and Agricultural Droughts Impact

Drought Impact Assessment and Risk Mapping

Potohar region risk map was produced from SPOT NDVI
anomalies based on thirteen years of wheat growing
season (Figure 8). Risk map was classified into five
categories of drought susceptible. First three categories
of High Susceptibility to Susceptibility represent major
food in-secured area due to repetitive rainfall deficit,
possibility due to availability of tube well and soil
conditions. 

Fig. (8) Drought Risk Map for Potohar region.
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A decision Support Tool and its Operational Applications for the Senegalese
Grasshopper Control in the Sahel

Abstract:

Locusts and grasshoppers (especially the Senegalese
grasshopper) are the main pest group damaging crop in
the Sahel and their impact can be substantial even thought
the figures relating their damage and losses are not often
available. Their adverse effects can often be considerable
and affect food production and food availability for
Sahelian people. Crop losses caused by this group of pests
are indeed more important than they appear at first
because they are percentages of losses compared to a
crop, which, without locust attacks, is already insufficient
to meet family needs of the year. Previous studies have
shown that in some parts of the Sahel, the average number
of months of consumption as possible with crops in the
assumption of no attacks of grasshoppers was 8.5 and
this time is reduced to 7 months in the assuming attacks
of grasshoppers (Cheke, 1990).

Since the major outbreaks of 1974 and 1975, the
Senegalese grasshopper Oedaleus senegalensis Krauss
1877 has become the main grasshopper pest in the Sahel.
This species causes, repeatedly, considerable damage to
grain crops in particular millet (Pennisetum glaucum), the
main food crop of the rural population in the Sahel. These
unprecedented outbreaks of the species as well as other
pest grasshoppers covered nearly 3.5 million hectares
and caused losses estimated at 368 000 tones of crops
in 1974 (Bernardi, 1986).

Currently, very large areas are treated with regular
applications of chemical insecticides to control outbreaks
of this insect, particularly in Niger, Senegal and Mali. The
control of this grasshopper pest has become, for many
years, a major concern for the national authorities in
countries affected and for which the implementation of
a rational control strategy is more than necessary.

In the prospect of contributing to a better management
of this plague, an IPM approach for the management of
grasshoppers in the Sahel has been developed as a result
of a collaborative program between AGRHYMET Regional
Centre of CILSS, the Danish Environmental Research
Institute of AARHUS University in Denmark and the Plant
Protection Services of Burkina Faso, Mali, Niger and
Senegal. This program was funded by the Danish
Cooperation DANIDA.

PRéLISS program has aimed at to develop tools for decision
support based on the Senegalese grasshopper population
dynamics modeling through ecological models (SahelEco
and SahelOse) for better management of the populations
of this species in the Sahel. This communication is devoted

Dr Idrissa H MAIGA, Ir J L BAK , Dr Jorgen A AXELSEN

to SahelOse model coupled to GIS that allows to visualize
and spatial interpolate various products generated during
the model simulations.

This model, through the consideration of climate and
meteorological factors and soil, provides a better
understanding of population dynamics and helps to design
optimal national and regional strategies for O. senegalensis
control both in terms of economic efficiency and
environmental preservation. In addition, it allows the
assessment of these strategies.

In prospect, including other pests of economic importance
in such a proved approach undoubtedly contribute to
better management of these pests, and therefore, reduce
their impact on food production and contribute for a
better preservation of the environment.

Keywords: Ecological modeling, millet, pest control,
population dynamics, SahelOse model, Senegalese
grasshopper

Résumé

Au sahel, les locustes et les sauteriaux (en particulier le
Criquet sénégalais) constituent le groupe le plus
dommageable et les pertes liées à leur incidence peuvent
être substantielles bien que les données chiffrées relatives
aux dégâts et aux pertes qu’ils occasionnent aux récoltes
sont peu nombreuses. Leurs effets néfastes peuvent être
souvent considérables sur les productions vivrières et
affecter ainsi la disponibilité alimentaire pour les
populations sahéliennes. Les pertes de récolte
occasionnées par les acridiens ravageurs sont en effet
plus importantes qu'elles n’apparaissent au premier abord
car elles constituent des pourcentages de pertes par
rapport à une récolte, qui, sans attaques acridiennes, est
déjà insuffisante pour satisfaire aux besoins familiaux de
l'année. Des études antérieures ont montré que
dans certaines régions du Sahel, le nombre moyen de
mois de consommation possible avec les récoltes dans
l’hypothèse d’absence d’attaques de sauteriaux était de
8.5 et cette durée est réduite à 7 mois seulement dans
l’hypothèse d'attaques de sauteriaux (Cheke, 1990).

Le Criquet sénégalais Oedaleus senegalensis Krauss 1877
est devenu, depuis les importantes pullulations des années
1974 et 1975, le principal acridien ravageur des cultures
au Sahel. Cet acridien provoque, de façon récurrente, des
dégâts considérables sur les cultures céréalières en
particulier le mil (Pennisetum glaucum), principale culture
vivrière des populations rurales. Ces pullulations sans
précédent du Criquet sénégalais  ainsi que celles d’autres

Theme 5: Damage Assessment



Bind
Area

138

sauteriaux ravageurs ont couvert près de 3,5 millions
d’hectares et occasionné des pertes estimées à 368 000
tonnes de production agricole en 1974 (Bernardi, 1986).

Actuellement, de très vastes zones sont régulièrement
traitées avec des applications d’insecticides chimiques
pour contrôler les pullulations de cet insecte en particulier
au Niger, au Sénégal et au Mali. La lutte contre cet acridien
ravageur est devenue, depuis de très nombreuses années,
une préoccupation majeure pour les autorités nationales
des pays concernés pour lesquelles la mise en œuvre
d’une stratégie de lutte plus raisonnée s’avère plus que
nécessaire.

Dans la perspective de contribuer à une meilleure gestion
de ce fléau acridien, une approche intégrée de lutte contre
les sauteriaux au Sahel a été développée à l’issue d’un
programme collaboratif entre le Centre Régional
AGRHYMET du CILSS, l’institut Danois de recherche
Environnementale de l’Université AARHUS du Danemark
et les services de Protection des Végétaux du Burkina
Faso, du Mali, du Niger et du Sénégal. Ce programme a
été financé par la Coopération Danoise DANIDA. Le
programme PRéLISS a eu pour objectif le développement
d’outils d’aide à la décision basés sur la modélisation de
la dynamique des populations du Criquet sénégalais grâce
aux modèles écologiques (SahelEco et SahelOse) pour
une meilleure gestion des populations de l’espèce au
Sahel. La présente communication est consacrée au
modèle SahelOse couplé au SIG et permettant une
visualisation et une interpolation spatiales des différents
produits générés lors de la simulation.

Ce modèle, à travers la prise en compte des facteurs
météorologiques et pédo-climatiques, permet une
meilleure compréhension de la dynamique des populations
et de concevoir des stratégies nationales et régionales
optimales de lutte contre O. senegalensis à la fois en
termes de rentabilité économique et de préservation de
l’environnement et d’évaluer ces stratégies.

En perspective, la prise en compte d’autres déprédateurs
d’importance économique avérée dans une telle démarche
contribuera sans nul doute à une meilleure gestion de
ces fléaux et, par conséquent, une réduction de leur
incidence sur les productions vivrières et une meilleure
préservation de l’environnement.

Mots clés : Criquet sénégalais, dynamique des populations,
lutte antiacridienne, mil, modélisation écologique.

Introduction

The West Africa and the Sahel in particular, like other
parts of the world, are affected by numerous shocks
including food crisis, energy crisis, and advance of
desertification and climate change. Besides climatic factors,
poor soils and low production techniques and lack of

investment in agriculture, this food deficit regularly
Iobserved in West Africa is partly due to losses caused by
pests poorly controlled. These losses, estimated annually
at 30% for cereals only, are averaged at 2.5 to 3 million
tons in the Sahel where locusts and grasshoppers are the
most damaging pests group on millet, the staple food of
the population mostly rural.

Also, despite the constant development of pesticides use
that has enabled other inputs to achieve their full potential
to ensure crops but also the quality of products for over
50 years, FAO still estimates at 37% the global agricultural
production losses due to pests and diseases. In the African
continent, food losses attributed to pests are estimated
at 43% including 14% due to insects, 13% by fungi and
16% by weeds (FAO, 2009).

Currently, very large areas are regularly sprayed with
chemical insecticides to control outbreaks of major pests,
especially locusts and grasshoppers. However, regarding
the migratory behavior of these pests as it is the case for
the Senegalese grasshopper, it seems difficult to assess
the impact of these treatments on their population
dynamics. The control of these food crop pests has
become, for several years, a major concern for national
authorities in countries concerned and for which the
implementation of an environmentally sound and
sustainable control strategies is more than necessary.

Reducing crop losses below 2-3% can be achieved by
chemical air treatments operations over very large areas
(e.g. 3,3 million hectares in the Sahel in 1988). These
large-scale spraying of insecticides large volumes, however,
proved very expensive (with an average cost of application
of 9.10 U.S. dollars per hectare) and negative on the
sahelian ecosystem already weakened by the irregular
rainfall, soil leaching and human actions such as
deforestation (Brader, 1988). The nature of farms and the
fragility of the environment in the sub region are serious
constraints and, therefore, increasing the agricultural
production can probably not be done via extensive use
of chemical inputs as in Northern countries.

In this context, the sustainable protection of food crops
is more than an imperative for all countries in the Sahel
and West Africa with a view to ensuring food availability
to people. CILSS, since 1973, enables Sahelian countries
to address issues of food security and natural resource
management at the sub regional level and to propose
measures for solving them. CILSS manages a regional
disposal for information, training, discussion and proposals
in these two areas, to serve its member states, civil society
actors and cooperation partners. To meet this challenge
in a sustainable manner, CILSS has acquired as a result of
a Work Plan for 2009-2013 through goals related to cyclical
food insecurity as the construction of a structural food
security.
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In this context, AGRHYMET in collaboration with its
partners (including DNERI), has implemented the PRéLISS
program, which allowed the development of decision
support tools based on ecological modeling for a better
management of the Senegalese grasshopper’s population
in the Sahel. This approach is based on population
dynamics and losses caused forecast by taking into account
weather and climate factors, soil and diapausing eggs of
the dry season. The system development is also based on
an integrated control including the use of chemicals and/or
bio-pesticides in order to contribute to a better
management of this grasshopper plague. The decision
support system as well developed, based on knowledge
of the biology and ecology of the Senegalese grasshopper,
led to the development of one (1) database system and
two (2) ecological models as SahelOse model coupled
with the GIS system and the main subject of the current
communication.

I. Grasshoppers and Locusts Problem: A PLAGUE
STILL NEWS

Locusts and grasshopper pests, particularly the Senegalese
grasshopper, are the main pests of cereal crops in the
Sahel where they regularly cause considerable damages.
Every year, these pests are targeted for chemical control
operations on a large scale in most countries of the Sahel.

As part of locust control, there are two types of pests
according to their migratory behavior. Locusts in which
the desert locust Schistocerca gregaria Forskal is the best
known locust pest and the most impressive because of
its spectacular swarms that occur with variable time
intervals (Steedman, 1990). The focal point of the locusts
control in the world is the FAO through the Desert Locust
component of EMPRES program. The Commission for
Desert Locust control in Western Region (CLCPRO), which
includes countries of the front line (Mali, Mauritania,
Niger, Chad) as well as Senegal and Chad and Maghreb
countries affected by the plague (Algeria, Morocco, Libya,
Tunisia) is responsible for the coordination of preventive
control in West and North West Africa with support from
national locust control centers available to each member
country.

Less migratory and less gregarious species are found in
the grasshoppers group (Steedman, 1990) and although
their outbreaks are less spectacular than those of locusts,
the cumulative damage of their attacks is much higher
every year. This is the case of the Senegalese grasshopper
Oedaleus senegalensis Krauss 1877. Unlike locusts for
which significant progress was recorded in the field of
preventive control in their original breeding areas,
grasshoppers integrated control approaches in Africa have
to be developed for a sustainable management of this
group.

The Senegalese grasshopper O. senegalensis is the most

harmful in the Sahel and most treatment campaigns aimed
at particularly this species (Brader, 1988). O. senegalensis
breeds during the rainy season across the Sahel. It migrates
but at a smaller scale compared to other grasshoppers
and often forms swarms that attack millet, the main food
crop, in the maturation stage. There may be three
generations per year that develop at different geographical
latitudes. In early rainy season, the first generation can
cause extensive damage to seedlings of millet and thus
compel the farmers to sow seeds until exhaustion.

Upsurges in grasshopper populations were recorded in
the Sahel since the release of the 1970 drought. Many of
them are not well documented. It may, however, be noted
that following the droughts of 1968-73 and 1982-84, most
of the Sahel experienced good rainfall and grasshopper
populations, especially those of the Senegalese
grasshopper, increased significantly (Brader, 1988). The
Senegalese grasshopper egg pods can survive for many
years in dry soils, while remaining viable thus causing
flare-ups when environmental conditions become
favorable. Unprecedented outbreaks of the Senegalese
grasshopper, a little known grasshopper before the 70's,
as well as other grasshoppers pests, covered nearly 3.5
million hectares and caused losses estimated at 368000
tones of production in 1974 (Bernardi, 1986).

In 1985 and 1986, control campaigns against grasshoppers
were primarily designed to protect crops freshly installed
and those at the stage of maturation. Farmers were doing
for themselves the first applications using insecticide
powder. The control campaign by the end of the season
was characterized by aerial operations. A total of 3.3
million hectares has been treated mainly by air. This
campaign was successful and crop losses were limited to
2-3%. However, the large-scale application of large volumes
of insecticides cannot remain without negative impact
on an already fragile ecosystem although it hasn’t been
evaluated. The global assistance amounted to over 30
million $ U.S., with an average cost of application of 9.10
$ U.S. (Brader, 1988). In 1987 a similar amount was
invested for grasshoppers control in the Sahel and the
grasshoppers’ situation is back to normal only in 1988
(Brader, 1988). For example, the level of crop in Niger in
1988, a locust invasion year, was 40 to 60% lower than in
years 1987 and 1989 which have not experienced invasions
(Krall, 1994).

Crop losses are larger than they appear at first because
they are percentages of losses compared to a crop, which,
without attacks of grasshoppers, is already insufficient to
meet the family needs of the year. Indeed, the average
number of consumption months assuming no
grasshoppers’ attacks is 8.5 and in the event of
grasshoppers attacks it is only 7 months (Cheke, 1990).

In Zinder and Maradi regions in Niger, losses on millet
heads were between 10 and 82% in 1992. In Mali, the
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development module and seasonal migrations of the
Senegalese grasshopper are the important element of
the system. This module is coupled to the modules of
grasshoppers’ control, crop development and crop losses.
Data sources are locust population data from monitoring,
climate and weather data, GIS and remote sensing data.

2.1. The System Components

The decision support system needs a database
management system and two models, which were
developed using open source softwares to minimize costs
resulting from the periodic updates:

i. The data management system includes a database in
Access format and a database in MySQL format. An online
data entry form has been developed to facilitate entering
and transfer of data collected on the basis of a harmonized
methodology for collection in the different countries
concerned.

ii. The population dynamics simulation model SahelEco,
which is a detailed simulation model focused on
physiology. This model is based on detailed information
about the biology of important species in the ecosystem
"pasture - millet - grasshoppers - natural enemies" - in
the Sahel. The model works on the basis of species and
includes millet cultivation (including yield), a species of
"imagination" of grass (representing the vegetation of
the pasture), the harmful grasshopper species Oedaleus
senegalensis, a less harmful grasshopper species Acrotylus
blondeli (also serving as potential prey to natural enemies),
the largest two groups of egg pods predators (Bombylidae
and Tenebrionidae) and over 24 species of birds feeding
on grasshoppers.

iii. Another model, more general and coupled to the
Geographic Information System (GIS) called SahelOse,
object of this paper, covering the entire Sahel region, was
also developed. It is based on data from surveys of
grasshoppers, GIS and remote sensing data, meteorological
and climate data (rainfall and wind). This model includes
various components or sub-models including:
 
  A simple sub-model of O. senegalensis population
dynamics developed by CIRAD / PRIFAS;
   A sub-model of O. senegalensis migration developed by
the PRéLISS project;
  DHC Model for millet yield forecast developed through
cooperation between CIRAD and AGRHYMET and currently
used by AGRHYMET and CILSS member countries;
   A model of crop losses (GHLSIM model);
  A model of pesticides and entomopathogenic Green
Muscle ® application efficiency developed by the PRéLISS
Project.

2.1. SahelOse Model
a. Model Description
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situation at Mourdiah region in the north of Bamako was
similar, with losses of up to 1.5 tons of grain per family
(Jago et al. 1993).

Currently, very large areas are treated with regular
applications of chemicals to control grasshoppers’
outbreaks. However, because of their migratory behavior,
it is difficult to assess the impact of these treatments on
the population dynamics that migrate seasonally from
south to north and north-south over several hundred
kilometers. National authorities of the countries are
concerned, for many years to develop more rational
control  strategies.  These strategies include:

(1) Optimizing chemical insecticides use in particular to
determine the dates and areas of optimal treatment
allowing not only to ensure an immediate protection of
threatened cultures, but also to influence significantly the
population dynamics in the medium term by reducing the
risk of future outbreaks;

(2) Determination of the conditions for the use of new
biological products recently developed in an attempt to
replace chemicals with adverse effects to non-target fauna,
the environment in general and human populations living
in treated areas. Can we determine in particular the best
niche space and time for the application of such biological
products, which act slowly and for which the temperature
is an important factor that may limit their effectiveness?

(3) In establishing an integrated control strategy - to
consider where biological products would hold an
important place - interactions with natural enemies, eggs
predators and birds in particular, which seem to play an
important role in terms of grasshoppers’ population
control.

With a view to contributing a better management of the
grasshoppers plague, a decision support system with a
harmonized methodology for data collection and handling
and two (2) ecological simulation models was developed
by an environmentally friendly integrated grasshoppers
control program in the Sahel, a collaborative program
between AGRHYMET, the Danish National Environmental
Research Institute at Aarhus University in Denmark and
the Plant Protection Services of Burkina Faso, Mali, Niger
and Senegal.

I. The Decision Support System

The decision support system development has inspired
several attempts to model the dynamics of the species,
among others, the models of Launois (1978), Coop et al.
(1991), Colvin et al. (1996) and recently those of Fisker
et al. (2007) during the first phase of the PRéLISS Program,
which allowed a better understanding in terms of
population dynamics without leading to a sustainable
implementation at an operational scale. A population
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SahelOse model is a decision support tool coupled with
GIS covering the Sahel region and based on grasshoppers’
densities data sampling, GIS data such as soil types and
land use, station and prediction climate data, remote
sensing data such as rainfall and decadal rainfall fields.
SahelOse operates at a detailed geographical level and
has outputs in the form of maps of rainfall, locust densities,
grasshopper populations’ migration, crops damage, etc.
SahelOse is a very large program that requires a
computation time for initial calculations, but once these
initial calculations are made, it is easy to optimize, modify
and evaluate various control scenarios, making it a
powerful tool to optimize control efforts at the national
level. SahelOse can also perform simulations of control
measures’ impact of both chemicals and the biocontrol
agent the entomopathogenic Metarhizium acridum (Green
Muscle).

This model requires a limited number of parameters and
can be used for simulations covering the entire Sahel
region.

This decision support tool coupled with GIS has been
designed to simulate: 1) Predictions of when and where
O. senegalensis problems are likely to occur, 2) The design
of an optimal integrated control strategy against O.
senegalensis at the regional level, both in terms of crop
protection and in terms of health and side effects
evaluation on the environment and 3) The control
strategies evaluation for users with special needs and
different objectives, different access to information and
different resources, such as aid agencies, national crop
protection services, village brigades and individual farmers.

This tool is demanding in terms of computing power for
computers used and should have access to sampling data,
remote sensing data and, preferably, climate prediction
data. The system has been implemented at AGRHYMET
and at the central level of crop protection services in
some countries. It should be used for planning and
prioritization of strategies against grasshoppers at national
and / or regional level.

b. SahelOse Inputs and Outputs Data

Input data to the GIS system are the climate data from
satellite imagery, from synoptic stations, climate data
forecasts and the Senegalese grasshopper eggs densities
calculated from juveniles and adults densities observed
in the field. These grasshopper densities should be
provided by crop protection national services. The GIS
system is capable of operating with a resolution of 1 km²
and the population dynamics model performs simulations
of events with this resolution.

SahelOse model provides various outputs concerning the
climate data, grasshoppers’ data, treatments and scenarios
processing data. These outputs are generated in the form

of maps, text files or graphics.

Climate relate outputs are, inter alia, decadal maps of
wind, rain and rainfall anomalies compared to the decadal
average over the past 5 years, the daily maps of PET,
relative soil humidity, potential yield of millet, etc. All
these data generated as maps are stored in folders and
accessible for each control scenario.

Fig. (1) 10 days rainfall in Niger_ 3rd dcd June 2009

Fig. (2) 10 days Rainfall anomalies 3rd dcd August 2009

Fig. (3) Potential Evapotranspiration map

Fig. (4) Relative soil humidity map

Fig. (5) Millet potential yield (kg/ha) in
Niger – season 2009

Theme 5: Damage Assessment



Bind
Area

142

Locust relate outputs are: decadal maps of larvae and
adults observed densities, decadal densities simulated by
the model, the probable date of the first generation
hatching, PRIFAS parameters such as adult survival rate
or viable eggs number per female, graphs of population
dynamics at different development stages, etc.

Fig. (6) Sampling sites and grasshopper densities per m²

Fig. (7) Simulated grasshopper densities per m²

Fig. (8) Simulated grasshopper population dynamics at
different stages during the season on a single

sampling point

Scenarios and treatments outputs include, among other
things, maps of spatial treatments made or suggested by
the model, maps on treatment efficiency and its
optimization. For each scenario, the model displays the
results on the number of treatments, the percentage of
area sprayed, treatment effectiveness and benefit/cost
ratio.

Fig. (9) Treatment scenario optimization in Senegal – 2009

Fig. (10) Treatments scenario parameters

c. SahelOse Model Implementation

SahelOse model was originally scheduled to be
implemented only at AGRHYMET, but during the project
it became clear that there was a great desire of crop
protection services of the countries to have this tool
available to them also. Furthermore, it was found that it
was possible to create a version of the program that could
run locally on servers and even PCs. Therefore, it was
decided on its implementation at both AGRHYMET and
crop protection services central levels.

In Senegal, the implementation of the system gave, during
the campaigns from 2008 to 2010, a very significant and
progressive reduction of area treated against this species
(respectively 160000, 54 000 and 34 000 ha) (DPV, 2010)
through a better understanding and control of the species
population dynamics. Thus, the implementation of the
system, although it was not the only factor, has contributed
to a significant reduction in the volume of insecticides
applied and, therefore, in the related environmental risks.

This model was programmed in Java and the source code
was transferred to the Technical Support Department of
AGRHYMET that some staff had received capacity building
to master the codes and to be able to make some
modifications, if further needed. This should enable them
to ensure:

•  Updating of the codes in case of changes in the Java
virtual machine
• Changing the software if the users wish it
•   Extend in the future the programs to other pests if the
necessary expertise in biology is available at AGRHYMET
AGRHYMET staff and the project manager in Niamey
participated in writing the user manual as part of the code
transfer and understanding of program operations.

d. Using SahelOse

SahelOse is used to:

     Plan when and where infestations are likely to occur
during the season;

     To simulate the impact of treatments against
grasshoppers using chemicals and /or biopesticide
(Metarhizium) and make long-term simulations;

     Develop an optimal strategy the Senegalese grasshopper
control at the regional level both in terms of crop
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protection (gains) and in terms of environmental
preservation and side effects evaluation on human health;
Evaluate scenarios already implemented in previous
seasons and identify opportunities to increase their
effectiveness;

     Improving control strategies and the quality of
information available for the Senegalese grasshopper
outbreaks management.

Ultimately, this model can be used for the definition, the
analysis and the evaluation of control strategies against
the Senegalese grasshopper, but also for planning and
setting priorities for strategies at national and regional
levels. This decision support tool has permitted, in fact,
a better understanding of population dynamics and
allowed development of national and regional strategies
for an optimal control of the Senegalese grasshopper both
in terms of profitability and in terms of environmental
conservation and evaluation of these strategies. In
addition, this decision support system has contributed to
capacity building of actors in the grasshoppers’ control
at national and regional level as well as it improved the
role of AGRHYMET and national plant protection services
of beneficiary countries in the field of pest control through:
 
     The dissemination of advice on grasshoppers control
in special bulletins on the basis of the decision support
system outputs in countries and at AGRHYMET;
 
     The integration of grasshoppers’ ecological modelling
in the basic training, the integration in the database system
and in the early warning and dissemination systems of
food security information in AGRHYMET.

I. Conclusion

Although the decision support system is intended for
technical services in charge of grasshopper control in
countries affected by the plague, the beneficiaries are
mainly the rural poorest populations of the Sahel, where
starvation is a tangible reality that can have serious
consequences as evidenced by the famines that occurred
in 2005 and 2009 in Niger. The purpose of national
strategies and their improvement is always to help protect
crops of these populations. Increasing food availability
and in particular improving food security in general are
subject to a clear relevance for these populations.

This system has contributed not only to a better
understanding of population dynamics and factors
responsible for the outbreaks, but also to control effectively
grasshopper population in order to reduce damages and
crop losses in a row when densities are manageable even
on relatively small tracts not requiring spraying with
insecticides on a large scale. Its use has finally established
the cost/benefits of proposed control measures and

allowed a choice of optimal strategies for the short,
medium and long term.

The integration of the decision support system in the
decision making process has contributed significantly to
control effectively the Senegalese grasshopper outbreaks
and reduce side effects following the use of pesticides in
a large scale. It also helped to strengthen the capacity of
technical services responsible of grasshopper control for
actions and decisions much more efficient from the
perspective of sustainable management of plagues.

The opportunity to simulate population dynamics, as well
as losses and control operations, makes it possible to
optimize treatments in time and space and take into
account the Senegalese grasshopper’s pressure on the
entire migration route. Therefore, this decision support
system will be a powerful tool to optimize use of available
resources in the Senegalese grasshopper control. The
SahelOse model generalized and coupled to the GIS system
aims to become the basis for a renewed grasshopper
species control.

In perspectives and recommendations with regard to
beneficiaries, taking account of other pests of proved
economic importance (eg millet head miners, Desert
locust, flower-feeding insects) in such an innovative
approach is, therefore, a high stress for structures in
charge of crop protection in the countries to which the
CILSS and its partners must make a consistent answer.
Consideration of other crop pests will undoubtedly
contribute to their better management and, therefore,
reduce their impact on food production to ensure food
availability with a view to achieving sustainable food
security.

The implementation of such an approach will also serve
as a model for a sustainable management of crop pests
(i.e. locusts, insects, rodents, birds, plants and
microorganisms) with high economic importance in other
West African countries and will contribute to achieve a
sustainable food security for the Sahelian populations
and those of West Africa in general.
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Assessment of the Efficiency of MODIS Data Products in Monitoring & Mapping
Wildland Fire in Krdofan

Abstract

Wildland fire causes major problems for the ecosystem
and the human lives as well as property. Therefore, its
observation and monitoring on large scale basis is very
important for a large country like Sudan. The use of remote
sensing for fire monitoring is very useful, which saves
both the time and cost. For this study three different
MODIS land surface spectral reflectance (250m) products
were used (daily, 8 day and 16 day) for monitoring and
mapping wildland fire in kordfan state for the years 2001,
and 2002. Landsat7 images (30 m) for the same years
were used for validation. The fire burned area were
mapped by using the NDVI  change detection method in
MODIS data products and the digitizing techniques in
Landsat7 data. The burned area is calculated per hectare
and the result areas are compared with each other to find
the best MODIS product for the fire burned area mapping.
The present study reveals that MODIS satellite images
can be used to produce burned area maps with acceptable
accuracy. MODIS daily product is the best product for the
burned area mapping. The 8-day and 16-day products
stay at 2nd and 3rd place of importance respectively.

Introduction:

Wildland fire is a major ecological disturbance factor
worldwide. Fire impacts on various ecological communities
are important in terms of ecological succession, changes
in ecosystem sustainability, loss of economic resources,
environmental impacts and damage to human lives and
property.

Remote sensing presents the only viable source of timely
and consistent data for burned area assessment and
spatially explicit fire impact analyses. The importance of
burned area mapping is reflected in the numerous
algorithms and approaches developed for this application
in many parts of the world. The variety of approaches
ranging from single date image classification to multi-
temporal change detection to regression based modelling
indicates that no single method has been sufficiently and
consistently successful in achieving the mapping accuracy
required by various users (Loboda and Csiszar, 2005).

Observations received from coarse resolution instruments
(e.g. SPOT-VEGETATION, AVHRR, MODIS, and ATSR) are
of particular importance because they provide daily
observations and monitoring of fire activity (temporal
availability), spatially it has large coverage area, and it’s
available free of cost via the internet (Loboda, and Csiszar,
2005). Here we provide an evaluation of some fire products
from Landsat and MODIS (Moderate Resolution Imaging

Alkhalifa Sh A, Mohmmed E A Ibrahim

Spectroradiometer) as three MODIS products are used
(daily, 8-day and 16-day) for mapping the burned area
and the Landsat data are used for validation.

The objectives

General objective: Contributes in Wildland fire
monitoring and mapping in Sudan (Krdofan).

Specific objective: Choose the best MODIS product
(daily, 8-day and 16-day) for burned area mapping.

Study area

The study area is a part of Kordofan region, located
between longitudes (30 10’), (30 50’) E and latitudes
(12 15’), (12 40’) N and extended between the Northern
and Southern Kordofan states.

Methodology

Fine resolution Landsat images (30m) for the dates (16-
Jan-2001 and 21-Dec-2002) were scanned visually and
the fire burned area  were digitized and mapped and  the
area were calculated per hectare  for the two years.

Moderate resolution MODIS surface reflectance images
(daily, 8-day and 16-days) 250m, 2 channels: band1 (red)
and band 2 (infrared) were downloaded freely for the
fires from their start dates (16-10-2000 to 17-01-2001),
(16-10-2002 to 19-12-2002).

For the daily products (MOD09GQ) images had
encountered opening problem as it couldn’t open in ENVI
software normally as the others 8-day and 16-day
products, so it’s opened by converted from HDF format
to geo-TIFF format, using the HEG Tool.

MODIS subset of the fire burned area were created for
the three products (daily, 8-day ,16-day) for the two years
(2001 and 2002) after  overlying the fire points which
extracted from Landsat to determine the burned area.
NDVI were created for all MODIS images (daily, 8-day & 16-
day ).

Change detection images  were generated by subtract
NDVI images for each two days, the  recent  day from the
 the previous day for  the hole period of  each  fire from
its starts to the dates of the Landsat images, in each
MODIS change detection image the NDVI ranges of the
fire burned area were determined and  mapped  ,by
adding those maps together the total burned area map
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for each  MODIS product (daily, 8-day & 16-day) for the
year 2001 and 2002 is generated, and the fire  burned
areas is calculated per hectare for the three products
(daily, 8-day & 16-day)  and compared with the other
digitized  burned area maps, which is extracted from
Landsat ETM + images (2001 and 2002).

Results

Table (1) shows the burned area as calculated from
Landsat7 images, MODIS daily product and the difference
between them expressed in absolute percent to the
burned area calculated from Landsat7.

Table 1. Burned area in Landsat7 and MODIS Daily product

The difference in burned area (ha) of  MODIS products
from Landsat7 burned areas  in absolute percentage for
the  years (2001 and 2002) was 5.8% for the daily product
as shown in table (1), 12.35% for the 8-day product and
24.12% for the 16 day product.

Discussion

The daily product generates the most accurate results as
compare to 8-day and 16-day products. This is because
it gives day to day observation for the burned area and
makes it easy to map the fire boundaries more accurately
as the burned area is still fresh, clear and not faded.

The MODIS 8-day product generates moderately accurate
burned area map  results as compared to the other two
products; which are more closer to the daily product
results, as the fire still exists and can be easily delineated
and mapped for each 8-day product .

The MODIS 16-day product generates less accurate results
as compared to the results of daily and 8-day products,
because it gives composite images each 16 day. In 16 days
(long time) the burned area may not be found fresh and
clear but become faded due to the vegetation re-growth
there in, and the wind blow, which is makes the burned
area difficult to be detected and discriminated accurately.

Conclusions

1. MODIS satellite images can be used to produce burned
area maps with acceptable accuracy.
2. MODIS daily product was the best product for the
burned area mapping, but it will take large time for images
downloading, processing (many days) and need larger
disk space for their storage.

3. Although MODIS daily product was the best in &
accuracy, but the MODIS 8-day product stood second with
less time needed for the downloading & processing. This
also needed lesser disk space for the storage than the
daily product.
4. The MODIS 16-day product was the least in accuracy,
although it only needed few hours to download and
produce the burned area maps than the other products.

Recommendations

1. The  use of MODIS daily product is recommended for
the burned area mapping in view of its high accuracy
results; if there is no problem in the internet, capabilities,
storage capacity and the time is available to process large
number of images.
2. If there is a problem in the MODIS daily product or in
the internet (slow speed), the present study recommends
the use of MODIS 8-day product for the burned area
mapping.
3. The MODIS 16-day product is not recommended for
the burned area mapping.
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Map (1): The study area location map

Map(2): Burned area LandsatETM+2002
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Map (3): Burned area MODIS daily product 2002

Map (4): Burned area MODIS 8-day product 2002

Map (5): Burned area MODIS 16-day product 2002

Theme 5: Damage Assessment



Bind
Area

148

Contact List

Organisation Committee

Mr Arshad Siraj
Executive Director ISNET
ISNET Secretariat,
SUPARCO Headquaters,
Suparco Road, P.O. Box 8402
Karachi-75270, Pakistan
Tel: 922134690939
Fax: 922134644928, 922134694941
Email: ed@isnet.org.pk

Dr Assize TOURE
Director General
Centre de Suivi Ecologique (CSE)
Rue Leon  Gontran Damas
B.P. 15 532, Fann Residence
Dakar, Senegal
Fax: +221 33 825 81 68
Email: assize@cse.sn

Mr Abdullah Jamil Khan
Administrator ISNET
ISNET Secretariat,
SUPARCO Headquaters,
Suparco Road, P.O. Box 8402
Karachi-75270, Pakistan
Cell: +923213891007
Tel: 922137650765 Ext 2276
Fax: 922134644928, 922134694941
Email: admin@isnet.org.pk

Mr Malick DIAGNE
Project Manager
Centre de Suivi Ecologique (CSE)
Rue Leon  Gontran Damas
B.P. 15 532, Fann Residence
Dakar, Senegal
Fax: +221 33 825 81 68
Email: malick.daigne@cse.sn

Authors

Dr Abbas El Hag
Researcher & Assistant Professor
Remote Sensing Authority (RSA)
Khartoum, SUDAN
Email: remotesensing_9@yahoo.com

Mr Abdelrahim Abdelmutalib Mohamed Salih
Researcher
Remote Sensing Authority (RSA)
Khartoum, SUDAN
Fax: +249183772726
Email: abdelrahim_rsa95@yahoo.com

Dr Amna Ahmed Hamid
Director
Remote Sensing Authority (RSA)
24/321/ University of Kahartoum
Khartoum, SUDAN
Fax: +249183770701

Mr Aymen Wadi Gwanmeh
Head of Project Follow-up Section
Royal Jordanian Geographic Centre (RJGC)
P.O. Box 414 Al-Jubayha
Amman 11941, JORDAN
Email:  wadiayman@yahoo.com

Mr Hazil Sardi Soliano
Research Officer
Malaysian Remote Sensing Agency (MRSA)
No. 13, Jalan Tun Ismail
Kuala Lumpur 50480, MALAYSIA
Fax: +60326973350
Email: hazil@remotesensing.gov.my

Dr Iddrisa Halidou MAIGA
Agronomist
AGRHYMET/CILSS
Centre Regional AGRHYMET
425, 01 Boulevard de I’ Universite
BP 11011, Niamey, NIGER
Email: i.maiga@agrhymet.ne; maigidris@yahoo.fr

Mr Mozammel Haque Sarker
Principal Scientific Officer
Bangladesh Space Research and Remote
Sensing Organization (SPARRSO)
Agargaon, Sher-e-Bangla Nagar
Dhaka 1207, BANGLADESH
Fax: +88028113080
Email: mhsarker2@yahoo.com

Muhammad Bilal
PhD Fellow
The Hong Kong Polytechnic University
HJ-715, The Department of Land-Surveing & Geo-
Informatics
HONG KONG
Fax: +85223302994
Email: muhammad.bilal@connect.polyu.hk

Contact list



Ms Suraiya Begum
Principal Scientific Officer
Bangladesh Space Research and Remote
Sensing Organization (SPARRSO)
Agargaon, Sher-e-Bangla Nagar
Dhaka 1207, BANGLADESH
Fax: +88028113080
Email: bsuralya89@yahoo.com

Ms Talhaoui Wafa
Engineer
Centre National de la Cartographie
et de la Télédétection (CNCT)
Route de la Marsa El Aouina BP. 200-1080
Tunis cedex, TUNISIA
Email: cnct@defense.tn

Dr Terekhov Alexey
Senior Research Officer
Kazakh Ecology and Climate
Change Research Institute
Saeifulin St. 597
Almaty, KAZAKHSTAN
Email: aterekhov1@yandex.ru

Dr Yahya Hasan Al-Tayeb
Senior Technologist
Remote Sensing Authority (RSA)
P.O. Box 2404 National Center for Research
Khartoum, SUDAN
Fax: +249183772726
Email:  yahyaeltayeb@yahoo.com

RESOURCE PERSONS/TRAINERS

Mr Ibrar ul Hassan Akhtar
Manager
Pakistan Space & Upper Atmosphere
Research Commission (SUPARCO)
SPARCENT, Near CDA Toll Plaza
Islamabad, PAKISTAN
Email:  ibrar.space@gmail.com

Dr Mobushir Riaz Khan
Assistant Professor
COMSATS Institute of Information Technology
Postal Code 44000
Islamabad, PAKISTAN
Email: mrkhan@comsatse.edu.pk

Bind
Area

Dr Muhammad Hanif
Agriculture Consultant
Pakistan Space & Upper Atmosphere
Research Commission (SUPARCO)
SPARCENT, Near CDA Toll Plaza
Islamabad, PAKISTAN
Email: dr.haniff@gmail.com

Muhammad Ijaz
Scientific Officer
Global Change Impact Studies Centre (GCISC)
National Centre for Physics (NCP) Complex
Shahdra Road, Quaid-i-Azam University Campus
P.O. QAU-45320, Islamabad, PAKISTAN
Email:  muhammad.ijazmalik@gmail.com

Muhammad Imran Ghafoor
M.Phil. Student
PARC Institute of Advanced Studies in Agriculture, NARC
Park Road, Chak Shehzad
Islamabad, PAKISTAN
Email:  imranghafoor16@yahoo.com

Muhammad Jawad
Assistant Manager
Pakistan Space & Upper Atmosphere
Research Commission (SUPARCO)
SPARCENT, Near CDA Toll Plaza
Islamabad, PAKISTAN
Email: geojawad@hotmail.com

Mr Obaid ur Rehman
Assistant Manager
Pakistan Space & Upper Atmosphere
Research Commission (SUPARCO)
SPARCENT, Near CDA Toll Plaza
Islamabad, PAKISTAN
Email: obaidrrhmn@yahoo.com

Dr Parviz Tarikhi
Head of Microwave Remote Sensing Research Core
Iranian Space Agency (ISA)
No. 5, East Flat, 3rd Floor, Block 5
Sadaf Complex, Eram Blvd, Mehrshahr
Karaj, IRAN
Email: parviz_tarikhi@hotmail.com

Mr Raheem Bani Falih
Assistant Head of GIS Department
Remote Sensing Center
Space Technology and Communication Directorate
Ministry of Science and Technology (MoST)
Baghdad, IRAQ
Email: _rahmangis2011@yahoo.com

Mr Shahid Parvez
Assistant Professor
University of the Punjab
Quaid-i-Azam Campus
Lahore, PAKISTAN
Email: shahid.spsc@pu.edu.pk

Ms Shahinda Abdelrahman Yahya
Researcher
Remote Sensing Authority
24/321/ University of Kahartoum
Khartoum, SUDAN
Fax: +249183770701
Email: shahinda7@gmail.com

Contact list

149



Bind
Area


	01-02 Cover plus page 1 and 2.pdf
	03-04 Isnet table of content
	05-06 Foreword
	07-10 Inaugral Session
	11-15 Isnet Programme
	16-17 Seminar Recommendations
	19-20 separator keynote address
	21-22 Keynote Address
	23-24 separator theme1
	25-29 USE OF SPACE TECHNOLOGY TOWARDS FOOD SECURITY OF BANGLADESH-
	30-32 A Satellite based Food Security Alert System-
	33-36 APPLICATION OF REMOTE SENSING FOR AGRICULTURAL STATISTICS THE TUNISIAN EXPERIENCE-
	37-38 separator theme2
	39-43 LAND SUITABILITY ASSESSMENT FOR RICE CROP IN SHEIKHUPURA-
	44-50 LAND DEGRADATION AND ITS IMPACT ON AGRICULTURAL PRODUCTION IN THE SOUTHERN REGION USING R.S&GIS-
	51-56 SATELLITE TECHNOLOGIES IN FAVOR OF FOOD SECURITY-
	57-58 separator theme3
	59-63 Monitoring Food Security using Hypertemporal Remote Sensing and Crop Growth Modeling-
	64-69 Temporal Monitoring of Aus Rice Using MODIS 16 Days Composite NDVI Data for Food Security-
	70-75 Developing a Referral System for Monitoring of Crops for Food Security using Satellite Technology-
	76-83 Spatio-Temporal Analysis of Wheat under Climate Change by Combined Use of Crop Simulation Modelling and Remote Sensing Techniques-
	84-86 FISHING SITE IDENTIFICATION SYSTEM-
	87-88 separator theme4
	87-92 REMOTE SENSING BASED FORECAST OF CEREALS PRODUCTIVITY IN NORTHERN KAZAKHSTAN
	93-109 Assessment and Mapping of Soil Salinity and Sodicity, using Soil Techniques, Remote Sensing and GIS-
	111-112 separator theme5
	113-119 OPERATIONAL SYSTEM OF FLOOD MONITORING AND DAMAGE ASSESSMENT USING SPACE TECHNOLOGY, THE CASE STUDY OF SHARG EN-NILE AT KHARTOUM STATE, SUDAN-
	120-129 Monitoring of the damages from space using new microwave Earth observation techniques-
	130-136 Drought Mining of SPOT Vegetation Temporal Data for Prevailing Food Insecurity in Potohar region-
	137-144 A decision support tool and its operational applications for the Senegalese grasshopper control in the Sahel-
	145-147 Assessment the Efficiency of MODIS Data Products in Monitoring & Mapping Wildland Fire in Krdofan-
	148-149 Contact List
	150 Back

