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ABSTRACT 
 
An efficient crop production system requires proper planning and timely management of 
available agricultural land areas under an appropriate land budgeting scheme. Obviously such a 
scheme includes an evaluation of land capability and determination of suitability of each of these 
areas for cultivation of different agricultural crops and thereby, maximum crop productivity can 
be largely ensured. The role of land characteristics is extremely important in agricultural crop 
production activities. Such characteristics are determined by a number of issues namely land 
type, surface elevation, drainage pattern etc. All these factors collectively determine the 
suitability of a given area for a particular type of crop cultivation. As such, evaluation of land 
suitability is very important in order to build up an efficient crop production network. In the 
present study, land evaluation has been performed through suitability analysis for T. Aman 
(Transplant Aman) rice cultivation in relation to land inundation type, soil toxicity and ground 
water level under a GIS environment. A suitability map has been produced that shows the 
suitable area for T. Aman rice cultivation in Bangladesh. 
 
 
1. INTRODUCTION 
 
Bangladesh is an agriculture-based country. About 80 percent of the total population are directly 
related to agricultural activities and mostly depend on earning from agriculture. This sector 
directly contributes around 35 percent of the gross domestic products (GDP). Rice, wheat, 
sugarcane, jute, oilseeds, pulses and potatoes are the principal crops. 
 
Bangladesh is a country, which is affected almost every year by some natural hazards like 
cyclone, flood, drought etc. which hampers the agricultural productivity of the country. Therefore 
it is essential to develop an effective food security system, which requires the development of an 
efficient crop information system (CIS) over the country. For this purpose it needs to monitor 
crop condition, crop growth, crop acreage estimation, crop yield and as well as land evaluation 
for crop cultivation. 
 
Satellite remote sensing along with its repetitive and synoptic viewing facilities offers an effective 
means for monitoring crop condition at large scale on a repetitive basis. The high spatial 
resolution satellite sensors like the thematic mapper (TM) on board the satellite Landsat or the 
high resolution visible (HRV) on board the satellite SPOT provides data at an interval of 16 and 
26 days. The relatively coarse spatial resolution sensors as that of AVHRR on board the satellite 
NOAA offers data on daily basis over large area. All these data offer valuable information on the 
condition of the Earth's surface-atmosphere system particularly regarding vegetation. 
Nowadays, the use of remote sensing technology have been largely multiplied over the world 
(Tucker et al., 1986; Goel and Norman, 1990; Ruimy et al., 1994) and particularly the agriculture 
is one of the major sectors where such a technology has acquired considerable momentum.  



 

There is a considerable potential for the use of GIS techniques as an aid to land evaluation for 
crop suitability for formulating sustainable landuse strategies. FAO (1976) framework of land 
evaluation for crop suitability was adopted in Boolean methodology using GIS (Burrough, 1986). 
GIS based integrated analysis involving satellite remote sensing derived existing crop inventory 
and potential suitability of crops in terms of soil and terrain slope and elevation is of paramount 
importance for sustainable landuse planning of a region (Saha and Thet, 1997). This present 
study was undertaken for land evaluation and suitability analysis for T. Aman rice in Bangladesh 
using different thematic information map derived data under a GIS environment.  
 
2. STUDY AREA AND DATA USED 
 
The study area covers the whole Bangladesh. Aerial extent of the study are is about 1,47,570 
sq. km. Lying between latitudes 20.70° and 26.80° N and longitudes 88.01° and 92.75° E. The 
study is shown in Fig.-1. The study area is mostly flat except in the Chittagong hilly areas in the 
south eastern part and to a greater extent in the Madhupur in the central part and Barind tract 
areas in the north western part of Bangladesh. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. -1. Map of Bangladesh showing the study area 



 

The annual rainfall varies from about 152 cm in the western part of the country and to about 508 
cm in the northeastern part, which is generally very high in the world and most of the rainfall 
occurs during the rainy season (July to September). The climate of the country is tropical 
monsoon. Average temperature continues to rise uniformly from the month of February and 
reaches around 42.2°C at the absolute maximum in April. The minimum temperature is usually 
recorded in the month of December and January. The absolute minimum temperature is 4.4°C, 
where the average annual temperature is 25.7°C. The average annual humidity is 75 %, while 
the total annual rainfall is 2,098 mm. 
 
Inundation land type map (Source: BBS, 1995), Soil problem map (Source: Ponnamperuma, 
1977) and Ground water table map (BWDB, 1992) were used in the present study. As an 
ancillary data, Survey of Bangladesh (SOB) topographic map and historical irrigation data 
supplied by Bangladesh Bureau of Statistics (BBS) were used. ERDAS IMAGINE 8.7 and 
Arc/Info software has been used to analysis the data.  
 
3. METHODOLOGY: 
 
The following diagram gives the whole methodology (Fig.-2) of the study:   
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Suitability map for T. Aman rice in Bangladesh 
 

Fig. – 2  Schematic diagram for land evaluation and suitability analysis for T. Aman rice in 
Bangladesh. 
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4. RESULTS AND DISCUSSIONS: 
 
4.1 Land Characteristics 

4.1.1 Inundation land types 
 
In terms of depth of flooding level phases the whole area of Bangladesh are classified into 
following types: 

(i)  Highland: land, which is above normal flood level.                             
(ii) Medium Highland: land, which is normally flooded up to about 90 cm deep during the 
flood season. 
(iii) Lowland: land, which is normally flooded up to between 180 and 300 cm deep during 
the flood season. 

 
Fig.-3(a) shows the inundation type map of Bangladesh. It includes the five categories of land. 
The inundation land type map of Bangladesh has been analyzed. About 99% areas of the 
districts of Parbattya Chattagram and Bandarban belong to High land category. While, the 
districts Jamalpur, Bogra, Tangail and Dhaka contain about 50 to 75 % of the district areas as 
high lands. About 20 to 40 % high land lies in the districts of Dinajpur, Rajshahi, Chittagong and 
Cox’s Bazar. The districts of Rangpur, Sylhet, Mymensingh, Pabna and Noakhali contain 5 to 10 
% (of the district area) high lands. Less than 3 % high land belongs to the districts of Comilla 
and Faridpur. 
 
In the category of Medium high land, 60 to 90 % areas of the districts Dinajpur, Rangpur, 
Rajshahi, Mymensingh, Pabna, Kustia, Faridpur, Jessor, Chittagong and Cox’s Bazar belong to 
medium high land category. About 30 to 50 % area of the Jamalpur, Bogra and Noakhali 
districts and 18 to 20 % area of Sylhet Tangail and Dhaka lies in the medium high land category. 
 
In category of Low land, 70 to 90 % area of the districts Sylhet and Comilla and about 10 to 20 
% area of the districts Rangpur, Mymensingh, Pabna and Jessor belong to. In the same 
category, 5 to 7 % areas of the districts of Dinajpur, Bogra, Dhaka and Barisal are found. 
 
4.1.2 Soil problems in Bangladesh 
Fig. 3(b) shows the soil problems in Bangladesh. Among the others, salinity is one of the factors 
those eventually restrict the utilization of a land for agricultural purposes particularly for rice crop 
production. In Bangladesh, such an issue is becoming more and more important during the 
recent years. A significant portion of the coastal areas is affected by salinity either naturally or 
by human intervention. The rapid expansion of shrimp farms areas put forward some of the 
agricultural lands particularly over the coastal areas under such effect. Also, the decrease in 
water level in the major river systems allows the saline water to enter into the coastal area. 
Eventually, a land evaluation scheme, the role of such issue is to be considered. 
 
Alkalinity is also a problem of soil in Bangladesh. Plant growth is impaired by the presence of 
sodium carbonate or bicarbonate and as a result yield is decreased. Besides these, acid soil soil 
also results in low productivity. 
 
The soil problem map of Bangladesh has been analyzed. Acid basin clay soils found in the 
districts of Rajshahi, Sylhet, Mymensingh, Pabna, Dhaka and Comilla. 35% of Sylhet district and 
8 to 10% of Rajshahi, Mymensingh and Dhaka are Acid basin clay soils. Less than 2% of this 
type soils lies in the district of Pabna and Comilla. 
 



 

Calcareous flood plain soils are found in the districts of Rajshahi (37 %), Kustia (87%), Jessor 
(95%), Faridpur (60%) and Barisal (24%). Peat soils are found in the districts of Faridpur (8%), 
Barisal (10 %) and less than 1 % at Jessor districts. 
 
Calcareous alluvium soils are found in the district of Pabna, Dhaka, Comilla, Kustia, Faridpur, 
Noakhali and Chittagong. Above this 45%, 4% and 2% are in the Noakhali, Kustia and 
Chittagong district respectively and the rest districts are less than 1 %. 
 
Saline soil is found only in the Barisal district (6%). Similarly the Acid sulphate soils are found in 
the Barisal district. 
 

 
 

 

 

 

 

 

 

 

 

 

 

Most of the country belongs to normal (with out problem) soils. About 100% areas of the districts 
Dinajpur, Rangpur, Jamalpur, Bogra, Parbattya Chattagram and Cox’s Bazar and about 80% 
area of the districts Mymensingh, Dhaka, Comilla and Chittagong belong to normal category. 
While, about 50% to 60% areas of the districts Rajshahi, Sylhet, Pabna, Noakhali and Barisal 
belong to this category (normal). In the districts of Faridpur, Kustia and Jessor about 30%, 10% 
and 4% areas are found to be under normal soil respectively.    
 
4.2 Spatial Variation of Ground Water Level 
In Bangladesh, ground water has an extremely important role in the agricultural development 
particularly during the last two decades. A revolution has been occurred in the agricultural sector 
of this country. The successful utilization of ground water resources significantly increases the 
overall countrywide crop production. The achievement in the cultivation of winter crop is 
remarkable. A significant portion of the agricultural area that previously remained unused during 
the dry period has been effectively and efficiently utilized to bring the country's overall crop 
production to a satisfactory level. Fig.- 3(c) shows the variation in maximum depth of ground 
water table over Bangladesh. The maximum depth varies from less than three meters to above 
twenty two meters. 
 

4.3 Land Evaluation and Rice Crop Suitability Analysis 
In this part of the work suitability analysis have been performed for three different varieties of 
rices individually. The land type, inundation type, soil type and land toxicity are the important 
parameters those have been taken into active consideration during such analysis.  
 



 

4.3.1 Generation of suitability layers 
Each crop has its own requirements in terms of climatic condition, e.g., rainfall, temperature, day 
length etc., in terms of land characteristics, e.g., soil type, land type, inundation type etc. and 
finally, various factors those effect the growth and yield of rice crops. In the suitability analysis, 
each of these parameters/ criteria and as well as their spatial variations should be properly 
evaluated. Some of these criteria are very essential and some of these criteria are of secondary 
importance and their fulfillment ultimately improves the crop production. 
 
In the generation of each of the suitability layers, three different categories are considered. They 
are suitable, moderately suitable and not suitable. Suitable category is assigned a value 6, 
moderately suitable group is assigned a value of 4 and non-suitable group has been assigned a 
value of 0.  
 
4.3.1.1 Inundation type suitability layer 
Inundation land type is an important criterion in suitability analysis. In general, 

 Highland may be suitable for Kharif or perennial dry land crops if the soils are permeable. 
Impermeable soils-or soils which can be made impermeable by puddling may be suitable 
for transplanted Aus and / or Aman paddy if bunds are made to retain rainwater on fields. 

 
 Medium Highland is suitable for crops, which can tolerate shallow flooding, such as 

broadcast or transplanted Aus paddy, jute and transplanted Aman paddy. Early Kharif dry 
land crops that mature before flooding starts can be grown on permeable soils, and late 
Kharif and early Rabi dry land crops on soils which drain in September-October. 

 
 Medium Lowland is flooded too deeply for transplanted Aus or transplanted Aman paddy 

to be grown safely. Mixes broadcast Aus and deepwater Aman is a common practice; or 
long Aman seedlings may be transplanted if floodwater recedes early enough. Dry land 
Rabi crops are widely grown on soils that drain in October or November. 

 
 Lowland is flooded too deeply for broadcast Aus or transplanted Aman to be grown. 

Deepwater Aman is typically grown on such land (although the cultivation of irrigated Boro 
paddy on such land in the Dry season now precludes the cultivation of deepwater Aman 
over considerable areas of lowland). Dry land Rabi crops can only be grown if floodwater 
recedes before December. 

 
Table-1: Inundation land-type suitability class for Aman and Boro rice cultivation. 

 

Crop Inundation 
land type 

Suitability 
class 

Aman Medium high 
land 

High land 

Medium low 
land to low 
land 

Suitable 

Moderately 
suitable 

Non-
suitable 



 

Boro Medium high 
land 

High land 

Medium low 
land to low 
land 

Suitable 

Moderately 
suitable 

Non-
suitable 

 
Fig.- 5(a) shows the inundation land-type suitability layer for the Aman rice crop. 

 
4.3.1.2 Soil problem type suitability layer 
Soil problems generally arise due to soil toxicity and compositional difficulties and deficiencies of 
soil. It is also an important criterion that ultimately determines the performance of crop 
production system. Soil toxicities, e.g., salinity, alkalinity etc. significantly influence the crop 
production particularly they have profound influence on the rice crop yield. They often reduces 
the crop production rate, however, their intensity depends largely on the type of toxicities as well 
as on their amount. Eventually in a crop suitability analysis scheme, they should be properly 
evaluated. In this case we have categorized the land areas into three different groups 
depending on the toxicity levels. Suitable is assigned for non-toxic soil, moderately suitable for 
slightly alkaline toxic and finally poorly suitable group is assigned to those where crop 
production is almost impossible or that causes very high yield reduction (Table 2). In the present 
study, saline areas and are considered to be poorly suitable for production of rice. While, 
alkalinity, Fig. - 5(b) shows the soil problem-type suitability layer for the Aman rice crop. 
 
Table-2: Soil problem type suitability class for Aman and Boro rice cultivation. 

 

Crop Soil toxicity 
type 

Suitability 
class 

Aman, 
Boro 

Non-toxic soil 

Acid sulphate 
soil, Alkali soil    

Saline soil 

 
 
 

Suitable 

Moderately 
suitable 

Poorly 
suitable 

 

4.3.1.3 Ground water suitability layer 
 

In Bangladesh, agriculture particularly the winter season cultivation is mostly dependent on the 
availability of irrigation water. This may be obtained from surface water or ground water. The 
availability of surface water has already been reached to a saturation level (Fig.- 4). Peoples are 
increasingly dependent on the ground water for cultivation particularly during the winter season. 
Unlike surface water, exploitation of ground water is relatively costly that may not be affordable 
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in places where water table is much below the surface due to extra cost of irrigation from such a 
depth. Consequently, in the present situation, land suitability also depends on the depth of 
ground water table. Accordingly, three different categories of ground water suitability layer have 
been created depending on the depth of the ground water table. The suitable categories have a 
range of water table depth of less than three meters (Table 3). Moderately suitable category 
ranges from 3 meter to 7 meter. The poorly suitable group has the range 7 meter to 10 meter 
and finally the non-suitable goup is considered as those, which has water table depth of above 
10 meter. Fig.-5(c) shows the ground water suitability layer map of Bangladesh for rice 

cultivation.   
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
For Boro rice, the suitable areas (in terms of easy availability of ground water for irrigation 
purposes) are found in the southern part of Bangladesh (Khulna, Faridpur, Barisal, Comilla, 
Patuakhali, Noakhali, Chittagong, Cox’s Bazar districts) and some in the north eastern part 
(Sylhet and Mymensingh districts) and a few area in the north western part (Dinajpur and 
Rangpur districts). 
 
Moderately suitable depth water table areas are found in most part of Bangladesh and it 
includes southern part, central part, northern part and southeastern part. It is the major part of 
the country. Poorly suitable (high depth water table) area lies in central western part of the 
country and a little bit in the central part of the country. Not-suitable (very high depth water 
table) lies in a few area of the country. It includes part of Rajshahi, Pabna, Tangail, 
Mymensingh, Dhaka and Comilla. 
 



 

Table-3: Ground water level depth-type suitability class for Aman and Boro rice cultivation. 

Crop Ground water table Suitability class 

Boro Low depth 

Medium depth 

High depth

Very high depth 

Suitable 

Moderately suitable 

Poorly suitable 

Non-suitable 

Aman 
and 
Boro 

Low depth 

Medium depth 

High depth 

Very high depth 

Suitable 

Moderately suitable 

Poorly suitable 

Non-suitable 

 
 
In case of Aman, the suitable areas are spreaded all over the country as ground water is 
generally not required for irrigation during this period due to high rainfall. 
  

4.3.2 Calculation of suitability index 
 
Different suitability layers are combined in digital level and finally, the suitability index (SI) has 
been obtained by using the following equation, 
 
 
 
Where, Xi is the suitability values for each of the criterion corresponding to a suitability layer. For 
each criterion 3 or 4 suitability categories have been assigned, e.g., suitable, moderately 
suitable and so on. Each of these categories of suitability (Suitable, moderately suitable and 
poorly suitable etc.) in a particular layer has been assigned a numeric value that indicates the 
suitability, e.g., suitability category 6, moderately suitable 4, poorly suitable 2 and non suitable 0. 
This categorization has been done for all the layers representing different criteria. Finally, they 
are combined using equation -1. Certain number of criteria those are related to rice cultivation 
can be considered for evaluating the suitability of an area for the cultivation of a particular crop. 
Wi is weighing factor that can be given a value to give importance of any particular criterion in 
calculating the suitability index or we may put the value one if we want to give equal importance 
to all the criteria those we are considering. In the present study, we have used Wi=1 to give 
equal importance to all the parameters. N is the number of criteria to be considered.  
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Finally, SI values are categorized into three different groups namely highly suitable, moderately 
suitable and poorly suitable according to the SI values. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.3 Spatial analysis preparation of suitability map for T. Aman rice 
 
For, T.Aman rice the basic requirements have been identified and fixed up in terms of the above 
mentioned parameters. After combination of different criteria and their suitability level (suitable, 
moderately suitable and so on,) the T. Aman suitability map has been prepared for Bangladesh. 
Spatial distribution o f their suitability level has been analyzed also, description given below. 
 

 



 

Fig.-5(d) shows the suitability map for the transplant Aman crop in Bangladesh. Analysis of the 
suitability of Aman rice indicates that, about 50% to 70% areas of the districts Dinajpur, 
Rangpur, Barisal, Chittagong and Cox’s Bazar and about 20% to 40 % areas of the districts 
Bogra, Mymensingh, Tangail and Pabna belong to highly suitable category. While, about 5% to 
10% areas of the districts Rajshahi, Sylhet, Dhaka, Faridpur and Noakhali belong to highly 
suitable category. Less than about 5% area of the districts Comilla, Kustia, Jessor, Parbattya 
Chattyagram and Bandarban are in this category (Highly suitable). 
 
In the category of Moderately suitable area, 60 to 85% area moderately suitable for Aman rice 
belongs to the following districts-Bogra, Rajshahi, Tangail, Dhaka, Kustia, Jessor and Noakhali. 
20% to 50% area moderately suitable lies in the following districts- Dinajpur, Jamalpur, Sylhet, 
Mymensingh, Pabna and Kustia. About 10% area under moderately suitable category lies in the 
following districts- Rangpur, Comilla, Barisal and Chittagong. Area less than 5% moderately 
suitable lies in the following districts- Cox’s Bazar, Parbattya Chattagram and Bandarba. 
 
In the Sylhet and Comida districts about 50 % and 80% respectively of the district area belong 
to poorly suitable category for Aman rice cultivation. About 10% to 20% area of the districts 
Dinajpur, Rajshahi, Mymensingh, Dhaka, Faridpur, Jessor, Barisal, Noakhali, Parbattya 
Chattyagram and Bandarban are found to be under poorly suitable category. Less than about 
5% of the district areas of Rangpur, Jamalpur, Bogra, Tangail, Pabna, Kustia, Chittagong and 
Cox’s Bazar include poorly suitable category.  
 
 
5. CONCLUSIONS 
 
Basic requirements and microenvironment necessary for crops cultivation are different, but all 
possible requirements should be considered for soil suitability analysis. In the present study the 
three basic crop seasons, Kharif 1, Kharif 2 and Rabi and the associated inundation land type, 
soil toxicity and depth of ground water table have been used for analysis. Other relevant 
parameters have not been considered to shorten the present work and to build up the 
framework only. However, same procedure can be followed with additional number of 
parameters. 
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ABSTRACT 
 

Segara anakan and surroundings which is located in Kabupaten Cilacap is the selected 
location for this study.  This area, as well as other coastal areas, consists of different interest 
of utilization of the ecosystem. This area becomes unique, because it’s an enclosed lagoon 
and bordered by mangrove forest which has a very dynamic growth.  In the upland, there are 
three main rivers flow to the lagoon, Citanduy River, Cibeureum River and Cimeneng River. 
The main issue is the lagoon become narrower due to the increasing of sedimentation in the 
area.  This study used Landsat MSS, TM and ETM data, with acquisition of 1978, 1998 and 
2003 respectively. Analysis of the correlation between the land-use changes and 
sedimentation was done trough monitoring of the changes in upland land-use, especially 
along the three main rivers above which has great contribution to the development of lagoon 
and the sedimentation in the area.  The result shows good correlation between land-use 
changes in upland and sedimentation along the lagoon. 
 
 
INTRODUCTION 
 
Segara anakan is a natural laboratory for both Indonesian researchers and abroad 
researchers on various study program, such as : biology, geology, phisics, social, economy, 
culture and law. It means that Segara Anakan lagoon is the rich of useful lagoon. Mangrove 
ecosystem in this area  has relation with fish, shrimp, crabs, birds  and other cyclus life. This 
lagoon is also the nursery place for these fauna before they grow up and then chatced by 
fisherman in Hindia Ocean. Therefore this Lagoon has important play for sustainability of local 
coastal natural resources that has relation with people life there. This lagoon is also vital for 
sea transportation that connect one district to other ditrict. Other potential of this lagoon is as a 
nice place for tourism. 
 
Meanwhile the nature phenomena is occured here is sedimentation caused by land use and 
land cover convertion there. Sedimentation will make the wide of lagoon decrease. The main 
factor that give big impact to lagoon is agricultural activity.  Paddy fields, fish ponds, domestic 
and industry are the activities that done by people there. These activities have strong relation 
with pollutant that have been resulted and come into the rivers then to lagoon. Sedimentation 
was mainly influenced from the north part of this area. 
 
There are many studies that have been discussed, because this phenomenon is important for 
stakeholders and local government who have business here directly or indirectly. One of the 
studies is inventory of local physics aspects that will be used for prediction of lagoon condition 
in the future based on historical time series data. 
 
 The application of Remote Sensing data for monitoring of environment condition has been 
developed and give optimal result, because remote sensing data cover wide area, repetitive, 
continue and have digital format so that can be analyzed by quantitative approach and relative 
cheaper and faster  than conventional data gathering system. It means Remote Sensing 
capable to provide objective, reliable and economic information for natural resources 



 

monitoring and evaluation. Remote Sensing that have been used in this research are: Landsat 
MSS, TM and ETM. 
 
The using of remote sensing data in between 1978 and 2003 is necessary to explore the 
parameters regarding with physic aspects of sea area. This database built from these 
parameters and will be needed in prediction modeling to describe this area dynamics. Result 
of this research will be useful for local Government in coastal integrated management as one 
of environment rehabilitation efforts.  
 
This study was limited for Inventory of  phisic parameters of this area. The infromation from 
land that have been extracted are : mangrove, ponds, swamp, open area, paddy fields, 
industry,  settlements, mix garden, shrub, palntation and forest. The important issues in this 
area is decreasing of lagoon ….. One of the main facto ris high level of sedimentation caused 
of human activities in upland.  Therefore this study was focused in analyze of sea area 
dynamics by using land use change information in upland area. 
 
 
METHODOLOGY 
 
Location of this study is estuary area of Segara Anakan that has 45.340 Ha, located in CIlacap 
– Central Java, geographic position is : 7 30 – 7 35 and 108 53 – 1099 3. Segara Anakan area 
is protected by NusaKambangan Island that separated from India Ocean.  Though, Segara 
Anakan still connected with Indian Ocean trough the east canal and west canal.  Both canals 
caused Segara Anakan has influenced by the Indian Ocean tide.  East Canal is a narrow, long 
and shallow canal, meanwhile the West Canal has deeper and wider size, therefore this canal 
has a significant role in the interaction of ocean tide activities. 
 
The primary data of this study were remote sensing data of Landsat MSS, TM and ETM, and 
the supporting data was Map of Rupa Bumi in scale of 1:25000, added with information from 
field survey. The flowchart of this study is shown in picture 1.  
 
 



 

 
 

 
Picture 1: The flowchart of data processing 

 
RESULT AND DISCUSSION 

 
Land-use/Land-cover 
 
The classification result of remote sensing data for acquisition of 1978 and 2003 shows 15 
classes of land-use/land-cover, they are: 1). Lagoon/waters, 2). Mangrove Forest, 3). 
Fish/Shrimp Ponds, 4). Swamp, 5). Paddy Fields, 6). un-cover/open Land, 7). Industrious 
Area, 8). Public facilities, 9). Village Settlement, 10). City Settlement, 11). Crops Area, 12). 
Bushes, 13). Shrub, 14). Plantation area, 15). Dried-land forest. The numbers of land-
use/land-cover classes were compromised with the ability of remote sensing data due to its 
spatial resolution, 30m by 30m, for every pixel.  The size of each land-use/land-cover class is 
shown in table 1. 
 

Extraction of Study 
Area

Optical Remote 
Sensing Data 

Radiometric 
Correction

Eliminated: 
- Haze effect 
- Bad Lines 
- Periodic 

stripes 

Geometric 
Correction 
Resampling 

Geometric 
inconsistency 
elimination 

Reference data: 
- Maps 
- GPS  

Contrast 
Enhancement 

Band Combination / 
Application 

Land-use/Land-cover 
Application 



 

Sedimentation  
 
Sedimentation is one of many factor caused narrowing of Segara Anakan Lagoon. The result 
of sediment amount measurement along the Lagoon is shown in picture 2 for the data 
acquisition of 1978 and 2003.  It shows the increasing of sediment amount increase 
significantly, from 0-40 mg/l in 1978 into 40-320 mg/l by the year of 2003.  
 
Discussion 
 
The result of land-use/land-cover classification using Landsat data at acquisition of 1978 and 
2003 as shown in table 1, describe the dynamic of the study area in 25 years time range.  As 
an example, the paddy fields growth from 106.296,67 Ha in 1978 into 107.117,16 Ha by the 
year of 2003.  This was corresponding with the increasing of population growth, which can be 
seen trough the increasing development of settlement either in the village or in town.  
Conversely, the dried-land forest and bushes were decrease significantly. 
 
The main issue from the result of this study is the declining of lagoon/waters area from 
185.071,51 Ha in 1978 into 140.693,43 Ha in 1998, and 123.552,95 Ha by the year of 2003.  
 
This was happened due to the growing of human population and the extensive of paddy field 
within the study area.  The extensive of paddy fields has a correlation with the decreasing of 
the present forest and bushes, which was resulting erosion.  In the end, sedimentation rate 
cannot be hold anymore. The declining pattern of lagoon in 25 years from remote sensing 
data processing and visual condition of the lagoon in 1978 and 2003 is shown in picture 4 and 
picture 5 respectively. 
 

 

 
 

Picture 2: Sedimentation distribution in Segara Anakan Lagoon in 1978 
 

 

 



 

 
 

Picture 3: Sedimentation distribution in Segara Anakan Lagoon in 2003 

 
 
 

           Picture 4: Area Changes and Pattern of declining Segara Anakan Lagoon, 1978-1998 
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            Picture 5: Area Changes and Pattern of declining Segara Anakan Lagoon, 1978-2003 
 
 

Next question are: how is the condition of the lagoon? Are there any chances we are going to 
lose this lagoon? Assuming that there were no activities and no extreme event occur in the 
lagoon, we tried to predict the declining rate of lagoon size.  Extreme event is other activities 
which are not found between monitoring time range, 1978 to 2003. By only seeing the change 
of lagoon area, not included the direction, we approached it with numerical method to see the 
trend of the declining lagoon. 
 
For the analysis purpose, we used three acquisition time data, 1978, 1998 and 2003.  The 
shape of the curve nearly similar to parabolic shape, therefore we used quadratic 
interpolation. 
 
X0 = 0     f(Xo) = 185 
X1 = 20   f(X1) = 141 
X2 = 25   f(X2) = 124 
 
Approached function f(X) = b0 + b1 (X-X0) + b2 (X- X0) (X- X1) 
              b0 = f(X0) = 185 
              b1  = (f(X1)-f(X0)/(X1-X0)) 
                   = (141-185)/20 = - 44/20 
                   = - 11/5 
 
               b2 = (f(X2)-f(X1)/(X2-X1))-(f(X1)-f(X0))/(X1-X0) 
                    = ((124-141)/5 – (141-185)/20) / 25 
                    = (-17.5/5 – 11/5)/25 
                    = -28.5/125 
 
f(X) = 185-11/5 X – 28.5/125X (X-20 

Water 98 

Water 03

 



 

       =  -28.5/125 X2 +59/25X+185 
 
the question is, when X become 0 ???? 
X 1,2 =…………… 
 = …………….. 
 = ……………… 
 = ………………. 
 = 34.2 
 
 
The trend of declining of Segara Anakan lagoon area is shown in picture 6. 
 
 

 
Picture 6. Trend of Area declining of Segara Anakan Lagoon  

 
 
The result of analysis of declining lagoon area using quadratic interpolation approached, it 
was predicted that 34 years counted since 1978, the area of Segara Anakan Lagoon will 
become 0, meaning the lagoon will lost by the year of 2112. 
 
 
Table 1. Area of Land-use/Landcover in Segara Anakan Lagoon, Kabupaten Cilacap 
 

Area in Ha No Land-use/Landcover 
Class 1978 1998 2003 

1 Lagoon/waters 185070 140693 123553 
2 Mangrove forest 16173 7045 9167 
3 Fish/shrimp ponds 50 7 75 
4 Swamp 1923 1533 1725 
5 Paddy field 106296 120097 107117 
6 Un-cover/open land 15603 4048 3109 
7 Industrious area 0 352 224 
8 Public facilities 0 56 96 
9 Village settlement 3631 56822 60879 

Year of observation - 1978 

Laguna 
(in thousands) 

 



 

10 City settlement 820 4157 5864 
11 Crops area 16657 47210 32398 
12 Bushes 2706 75414 12876 
13 Shrubs 10846 79422 6492 
14 Plantation area 12032 59616 134508 
15 Dried land forest 69737 19579 27255 

 
Source:  Landsat data MSS (1978), TM (1998) and ETM (2003) 
 
 
CONCLUSION AND REMARKS  

 
The result of analysis of declining lagoon area using different acquisition time of Landsat data, 
can describe the dynamic condition of Segara Anakan waters.  The changes that happened in 
the time range of 25 years, between 1978 to 2003 can be used to predict the condition in the 
years to come. 
 
This study just using one main parameter, which was physical condition parameter of Segara 
Anakan extracted from Landsat data.  The result is an initial output for the decision makers, 
which is still needed to be integrated with other supporting data, therefore the result from 
further analysis will answer the problem completely.  
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Introduction 
 
Remote sensing is the science and art of obtaining useful information about an object, area, or 
phenomena through the analysis and interpretation of image data acquired by a device that is 
not in contact with the object, area or phenomenon under investigation. Remote sensing 
provides a straightforward means to map the extent of water bodies, to record an area occupied 
by open water, and to monitor changes in water bodies over time. With its advantages of spatial, 
spectral and temporal availability of data covering large and inaccessible areas within short 
time, remote sensing has become a very handy tool in monitoring water bodies. Based on the 
previous definition and information, a decision was taken by APC and RJGC to start a pilot joint 
project for monitoring salt mushroom spreading in the salt ponds for an area of about 2.4 square 
kilometers of SP1 (M1 and M2) Zones and SP2 (B) Major Zone as shown in Figure (1). 
 
 
Objectives 
 
a.  Monitoring the salt mushroom spreading in (M1and M2) Major Zones of SP1 Area, and (B) 

Zone of SP2 area at the Dead Sea. 
b.  The monitoring process was limited to 2 m below water level. 
c. Determining the spreading percentage of the salt mushroom for each 10,000 m² of the study 

area represented in tiles of 100 m by 100 m. 
d.  Classifying the spreading of the salt mushroom in each area of 10,000 square meters into 

one of the five classes according to the following rule: 
 

Table (1) - Shows the salt mushroom spreading percentages in each class. 
 

 
 
 
 
 
 



 

 
 
Figure (1) illustrates the project area with its three Major Zones M1, M2 and B and the grid used 
to define and name the tiles areas (10000 m2). 
 
 
Methodology 
 
1. Preliminary Stage 
 
Reviewing all the archived data that was available in the RJGC which included the following 
material: 
 
a.  Aerial photos of the area of interest and similar areas of the ponds. 
b.  Satellite images of previous years at 5 m resolution and higher resolution images like 
IKONOS imagery which have 1 m resolution. 
c.  The Digital Elevation Model of the area of interest. 
d.  Digital Maps at different scales. 



 

e.  Previous technical reports and data conducted in the specified area. 
 
At this preliminary stage, satellite imagery techniques were used instead of aerial photos which 
were employed previously, in order to get the most accurate and fastest results. 
 
2. Intermediate Stage 
 
A comparison was made between the results obtained by using the archived data mentioned 
above, and the previous results of studies which were carried out by others. The results 
processed in the office were checked in the field, taking into consideration the changes that 
might occur because of the time span between the image acquisition date and the field check. 
 
3. Final Stage 
 
At this stage, a systematic procedure was carried out employing a reliable methodology, 
involving the following steps: 
 
a.  Establishing ground control points (GCPs) covering the study area. These (GCPs) has the 
following characteristics: 
 

-  They were homogenously distributed all over the project area. 
-  The coordinates of these (GCPs) had to be measured and determined accurately using 
GPS. 
-  Suitable signs had to be used to ensure these (GCPs) that were detected on the 
satellite image with an appropriate geometric shape. 

 
b.  Requesting the satellite imagery provider to start the ordering acquisition process for the 
study area. 
c.  Receiving the image from the provider (five to six weeks after submitting the order). 
d.  Gathering input data which would be employed later in the case study which are: 
 

-  QuickBird satellite imagery at 61cm resolution. 
-  32 ground control points. 
-  The Digital Elevation Model of the study area. 
-  Borders of the study areas were submitted by APC. 
-  The brine level reports during the whole project period were submitted by APC 
Engineers. 

 
e.  Office work was accomplished utilizing all the input data mentioned above and the following 
procedures were adopted: 
 

-  The basic geometric correction. 
-  Orthorectification using the collected (GCPs). 
-  Spatial enhancement. 
-  Image classification. 

 
f.  Field check was carried out in order achieve accurate results, for this reason the following 
procedures were taken: 
 

-  A primary field check was made to identify the different levels of the brine, more than 
300 points were checked all over the area. 
-  Some corrections were applied based on the results of the primary field check. 
-  Final field check was conducted to reconfirm the accuracy of the final results. At this 
step, more than 500 points were checked. 



 

 
Quality Control 
 
Quality control was applied at various stages of the project. This included checks at the 
preliminary stage, the intermediate stage, after determining the position of the control points and 
the accuracy of the image processing. It also included verification of the initial, intermediate and 
final results, field data calibration, and the correction of any distortion. 
 
Comments 
 
1.  Since the study area was divided into three Major Zones (M1, M2, and B) each one of these 

zones were processed individually. 
 
2.  Each one of these major zones was divided into sub zones representing a tile with 

dimensions of 100 m by 100 m, which mean 10,000 square meters for each (one hectare). 
 
3.  The subset process was along the grid lines. 
 
4.  Some of these tiles contained areas which are not related to the study area. This fact was 

taken into consideration during the calculation, and was not included. 
 
5.  Some of the subset zones were shared between (M1 and M2) Major Zones, so they were 

divided into two separate sub zones. Each one of these were processed separately and 
calculated individually. These areas were given a symbol according to the rows, columns 
and the major zones (ex. AM12-M1, AM12- M2, AK09-M1, AK09-M2). 

 
6.  (B) Major Zone has two parts; the one close to Dike 12 (SD12), and the one close to Dike 

11 (SD11). Thus the first one was named as (B-upper), and the last one as (B-lower). 
 
Facts and Figures 
 
1.  The total area of the project is about 2.4 square kilometers. It is divided into three major 
zones, the estimated area of each zone is as follows: 
 
a.  M1 Zone with (0.8368) square kilometers. 
b.  M2 Zone with (0.4848) square kilometers. 
c.   B Major Zone with (1.0029) square kilometers. 
 
2.  During the progress of the project, the zones were divided into 355 sub zones distributed as 
follows: 
 
a.  (72) at M2 Major Zone 
b.  (106) at M1 Major Zone 
c.  (177) at B Major Zone 
 
3.  The relevant area of each of these sub zones varied from one to another, the smallest was 

100 square meters like in C44, P29, L38, Q37, AG01 and A37, and while 125 were in 
complete tiles (the relevant area is the same as the total area). 

 
4.  After completing the classification process in the final stage, the following facts were 

obtained: 
 
 

Table (2) - Shows the distribution of the classes areas for the major zones. 
 



 

 
 
 
5. Furthermore the following details were noticed: 
 
 

Table (3) - Shows the distribution of the sub zone areas and their class for the major zones. 
 

 
 
 
Conclusions and Recommendations 
 

 
1.  The high resolution satellite imagery can be strongly recommended instead of aerial photos 

for this project. With advanced remote sensing software and reliable techniques now 
available, these will prove to be invaluable aids at ensuring optimal utilization of ‘state of the 
art’ technology. 

 
2.  The results of this project were verified at each stage and the findings were found to be 

extremely accurate and satisfactory. 
 
3.  The brine level in (M1 and M2) Major Zones are higher than the brine level in (B) Major 

Zone, hence 70.4% of (M1 and M2) Major Zones lie in E and D classes, and 41.6% of (B) 
Major Zone lie in the same class, while about 50% of (B) Major Zone lie in A and B classes. 

 
4.  During the processing stage, there was some doubt about the preliminary results of (M1) 

Major Zone. However, after the field check, it was found that the salt mushroom in that area 
was covered by mud and clay resulted from the mud flood during the winter season. Thus, 
the mushroom became brown in color, so it was not easy to handle the process in that area. 

 
5.  By using remote sensing technique, it is easy to detect the areas out of the project zones, 

where the brine level is higher than it should be. Even though the detection accuracy is not 
very high it gives a fair idea of the existing field situation. 

 



 

6.  During the image processing the estimation of the salt mushroom level in SP1-6 pond is 
higher than the salt mushroom level in SP2-3 pond. Thus, it was recommended that APC 
should begin their next project in SP1-6 pond, if there is no other pond with higher 
mushroom level in it. 
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Abstract 
 
SUPARCO, in collaboration with Ministry of Food, Agriculture and Livestock (MINFAL), 
initiated the program for monitoring of crops through satellite technology during 2005-06.Three 
contiguous districts of Bahawalpur, R.Y.Khan and Ghotki were selected for this study. Data for 
cotton and wheat crops were acquired from Spot constellation of satellites in panchromatic (5 
meter) and multispectral resolutions (2.5 and 10 meters). The satellite images were processed 
and classified using training sample from the field. The area sown under cotton and wheat 
crops was worked from these classified images and reported to MINFAL. 
 
 For 2006-07, the scope of work was expanded to cover 43 districts. This includes 5 districts in 
NWFP, 25 districts in Punjab, 11 districts in Sindh and 2 districts in Balochistan. The 
expanded work was activated in Kharif (summer) season covering cotton, sugarcane, rice , 
maize crops and wheat crop  will be covered during coming rabi (winter) season.SUPARCO is 
conducting this assignment in close association of provincial crop reporting services. 
 
SUPARCO also imparted training to the scientists/functionaries of stakeholders viz. provincial 
crop reporting services (PRCS), Pakistan Meteorology Department (PMD), Federal Bureau of 
Statistics (FBS) and MINFAL. In addition, technology   is being transferred from SPOT Image, 
France and Food and Agricultural Organization of United Nations to further perfect and 
upgrade the techniques. Hopefully, this system will be shortly used to cover the entire 
spectrum of agriculture sector  
 
INTRODUCTION 
 
Pakistan is moving at a fast track in diversifying base of its national economy and further 
boosting the economic growth rate. The Ministry of Food Agriculture and Livestock, sensitized 
by the need for reliable and quick availability of agricultural data for this growth, has followed a 
two pronged strategy. The current crop reporting services in provinces are being restructured 
and renovated to make the deliverables to be available promptly. Simultaneously, MINFAL 
sponsored SUPARCO to test the use of cutting edge technologies as satellite remote sensing 
(SRS) and geographic information system (GIS) for reporting synoptic and temporal 
agricultural data. The program in SUPARCO is designed to develop programs/algorithms to 
estimate area of crops of economic importance, carry out crop stress/damage studies, 
develop crop yield forecast models and transfer technology to stakeholders. This will help to 
supply quality data of crops in time, for policy making and agricultural development planning 
for ultimate improvements in this sector. 

                                                           
1 Paper presented at ISNET International seminar on space technology and application 
at Institute of Space Technology Islamabad 11-15 September,2006 
2 Director, 3 General Managers, 4 Manager SUPARCO, Islamabad 

 



 

1. CROP DATA REPORTING SCHEDULE IN VOGUE 
 
The Government of Pakistan has fixed schedules for Provincial Governments to report data of 
crops to Federal Government. In general, the data of Kharif crops are to be reported by first of 
February and rabi crops by first of August. The crop-wise details are given in annexure 1 and 
2. There is a time lag of about 2-3 months, in this schedule, after harvest of crops. In actual 
practice, the data generally are further delayed beyond the fixed schedule.   
 

2. FIELD AND LABORATORY STUDIES 

2.1 Selection of Project Area 
 
Year 2005-06 
 
MINFAL advised SUPARCO to work in contiguous cotton growing areas of   Punjab and 
Sindh. On this advice, SUPARCO selected Bahawalpur, Rahim Yar Khan and Ghotki districts. 
Fifteen villages, 6 each from Bahawalpur and Rahim Yar Khan and 3 from Ghotki were 
selected from among the area frame being followed by the provinces. The crops covered 
included cotton and wheat. The maps of the project areas for 2005-06 and for 2006-07 are 
given at figure 1. 

 
Fig 1: 

Satellite 
image of 

project 
areas for 
2005-06 
 
 
 
Year 2006-
07 
 
For the year 

2006-07, 
MINFAL 
advised 

SUPARCO 
to expand 

the 
operation to 
a larger 
scale for 

cotton, 
sugarcane and wheat crops and initiate experimental work on rice and maize crops. Forty 
three districts based on the criteria of (a) producing more than 50 thousand bales of cotton (b) 
producing more than 50 thousand tons of sugarcane (c) known to be home of rice or maize 
crops were selected. On this basis, the districts selected include: 
 
Punjab: (25 districts) 
 



 

Bahawalnagar, Bahawalpur, Bhakar, D.G.Khan,  Faisalabad, Gujranwala, Gujrat,  Jhang, 
Kasur, Khanewal, Layyah, Lodhran, M.B.Din, Mianwali, Multan, Muzaffargarh, Okara, 
Pakpattan, Rahim Yar Khan, Rajanpur, Sahiwal, Sargodha, Sheikhupura, T.T.Singh,Vehari. 
 
Sindh: (11 districts) 
 
Badin, Ghotki, Hyderabad, Khairpur, MirpurKhas, N.Feroze,Nawabshah, Sanghar, Shikarpur, 
Sukkur and Thatta. 
 
NWFP: (5 districts) 
 
Charsada, D.I.Khan, Manshera, Mardan, Peshawar. 
 
Balochistan: (2 districts) 

 
Pishin and Quetta 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2: Satellite image of project areas for 2006-07 
 
 
 
 
2.2 SRS/ GIS Data Collection 
 
The SPOT constellations of satellites were used for collection of SRS and GIS data of the 
project areas during growth period of the crops under study as follows. 
 
a) For cotton crop 2005-06, the panchromatic (5 meter) and multispectral (2.5 and 10 
meter) satellite images were acquired during June, July and September and for wheat, the 
SRS data were down loaded during January, March and April 2006. 



 

 
b) For the year 2006-07,the detailed plans for acquisition of SRS/GIS data include cotton 
and sugarcane crops June, July and August; rice and maize crops August and September. 
 

2.3 Image Processing and Interpretation 
 
SUPARCO has a well established Satellite Ground Station at Islamabad, with well trained, 
multi-disciplinary group of experts in SRS/GIS, computer sciences, engineering disciplines, 
geology, physics and agronomy. The image processing at this laboratory is/was carried out 
using ERDAS Imagine 9, ARCGIS 9.1 and ER maper softwares.The steps involved in image 
processing /interpretation involve preparation of crop calendar for acquisition of images, 
programming, geo-referencing,  mosaicing, vectorization, classification, analysis and 
interpretation. 
 

2.4 Ground Truthing Surveys (GTS)  
 
Six GTS were conducted during 2005-06 for on- ground/field verification of crops and other 
land features of the project areas. Out of these, three GTS were carried out for cotton in June, 
July and September 2005 and three surveys for wheat crop 2005-06 in January, March and 
April 2006. For the purpose, a 5-6 member team of SUPARCO professionals along with five 
members’ team of crop reporting services of Punjab/Sindh conducted joint GTS. A mobile van, 
fully equipped with hi-tech equipment as GPS, laptops, and latest hard/soft copies of the 
satellite images was used to demarcate coordinates and locate position of different crops in 
the area frame village under survey. 
 
The GTS for a particular village was initiated almost 5 Km ahead of the village under survey 
and continued 5 Km beyond the village. In general the GTS was conducted almost along all 
the roads available in that village, metallic or non-metallic. Special in-situ investigation was 
made for those points which seemed obscure in the imagery.  
 
For 2006-07, the GTS technique has been upgraded based on experiences gained in 2005-
06. This technique is now based on drawing a sub-sample of almost 80 to 90% of the total 
area of the area frame village based on the convenience of roads available in that village and 
a boundary around this sample area was drawn by coordinates, using GPS.  
 
In most of the villages, a 50 acre block was earmarked by coordinates to compare the area 
estimation by satellites to the ground data estimated through field surveys. The comparison of 
satellite data vs. ground data was used to determine a correction factor for refinement of 
satellite data. This technique was needed as on-ground procedures of crop reporting surveys 
exclude all areas in the fields which are extraneous to that crop. For example, the area under 
water channels, residential/livestock areas and areas under wheat straw bins are generally 
excluded by provincial crop reporting services (PCRS). In case of double/inter-cropping, the 
PCRS calculates area under orchards as one half and excludes it from the area of that 
particular crop. 
 
Similar procedure was followed in data refinement process. The new techniques would be 
used to develop cropping pattern for the sub-sample drawn from the village and will help in 
classification of the geo-referenced images. The advantage with this system is that it will 
provide a tool for statistical analysis which otherwise, was missing in the techniques, followed 
in 2005-06. 
 



 

2.5 Classified Images 
 
The classified images of Bahawalpur, Rahim Yar Khan and Ghotki for cotton crop season for 
the year 2005-06 showed that the northern parts of these districts, endowed by a canal 
irrigation system, are cultivated and the southern parts are predominantly a desert, as the 
region in general, is characterized by extremely arid climate. In Bahawalpur, and Rahim Yar 
Khan, this desert is called Cholistan. The desert extends into Ghotki and is called NARA 
desert there. In Bahawalpur, the cropped area is 0.4 million ha and the area under Cholistan 
desert is 1.5 million ha. In Rahim Yar Khan, the cultivated area is 0.6 million ha and the 
Cholistan desert has an area of 0.4 million ha. The cultivated area of Ghotki is 0.25 million ha 
and the area under the desert is 0.36 million ha. 
 

2.6 Crop Damage Studies  
 
Indus River: Flood damage to cotton crop in Rajan pur-Rahim Yar Khan intersection  
 
There were floods in Indus river and large cotton area in Rajan Pur Rahim Yar Khan Section 
was damaged by floods during July 2005. SUPARCO imaged pre-flood and flood situation 
which is presented in the figure 3 below. SUPARCO estimated the area inundated by floods at 
about 34000 hectares. 

 
     Fig 3: Flood damage to cotton crop 

Frost damage to banana crop in Muhammad pur,Ghotki. 
 
The Image of Muhammadpur village indicates a predominantly banana crop along with cotton, 
sugarcane and rice to a varying degree. The temporal data of this site showed a frost burn 
injury for banana crop in January 2006 with revival in March 2006. The satellite images in this 
respect are given in figure 4 below. 
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STIMATION 
 
The area estimation from the classified images for various crops was/will be carried out by the 
standard techniques / algorithms. The steps taken in this regard are as follows. 

3.1 Rural profile and size of sample taken by PRCS and SUPARCO 
 
The area estimation of cotton 2005-06 crop was made by SRS/GIS techniques in three 
districts of Bahawalpur, Rahim Yar Khan and Ghotki. The rural profile of these districts along 
with size of sample is as follows. 
 

  

District Total # Villages # of area frame 
Villages/CRS 

# Villages selected 
by SUPARCO 

Bahawalpur 914 39 6 
Rahim Yar Khan 1370 45 6 
Ghotki 425 17 3 

Total 2709 101 15 
 

Table 1 – Rural Profile and sample size 
 
The Crop Reporting Service, under area frame has 101 villages for investigation to emulate 
results. In case of SRS/GIS technology, the number of villages selected was only 15 focusing 
on the ease of investigation in this technology.  

3.2 Data Correction Factors 
 



 

During 2005-06, a correction factor of 1.8 % was used for cotton crop to refine the satellite 
data viz. 0.4 % for wheat straw bins (4 marlas (I marla=272 square feet) per six acres and 64 
Marlas or 0.4 acres per 100 acres) and 1.4 percent for water channels. 
 
The correction factor for Wheat 2005-06 was developed by putting coordinates by GPS 
around an area of 10 to 50 acres and estimating wheat area through satellite technology vs. 
ground survey/gur-da-wari. The locations of these villages was chak 32 Abbasia, Rahim Yar 
Khan – 50 acres,Ali Akbar Sanghi Rahim Yar Khan – 50 acres and Atal Muradani, Ghotki – 
26.5 acres. The wheat crop data of these samples are given in the table 2. 
  
 
 

Table 2  Working correction factor for area estimation of wheat 

 Villages 
Technique 

Ali Akbar 
Sanghi 

(Kanals) 

Chak 32/33 
Abbasia 
(Kanals) 

Atal 
Muradani 
(Kanals) 

Total 

On-ground 286 332 212 830 
Satellite 293 345 225 863 
Ratio of on-
ground/Satellite 

0.98 0.96 0.94 0.96 

 
The correction factor was 3 % for Punjab and 6 % for Sindh.The high correction factor in 
Sindh is owing to higher actual measurements on ground.  
 
3.3 Area of cotton crop 2005-06 
 
Based on these correction factors, the data from satellite were refined accordingly and are 
presented in table No. 3.  The comparison of the data from satellite technology and Revenue 
Department is as follows: 
 

Revenue 
Dept 

2005-6 % variation District 

2004-5 Revenue 
Dept 

SUPARCO Revenue 
Dept: 2005-

6/2004-5 

2005-6 
SUPARCO/R. 

Dept 
Bahawalpur 282 287 293 1.8 2.1 
R.Y. Khan 308 304 327 (-) 1.3 7.6 
Ghotki 109 108 115 (-)0.9 6.5 
Total 699 699 735 0.00 5.2 

Table 3 – Cotton: Comparison of area estimated by Revenue Dept /SRS-GIS Technology (000 
ha) 

 
The data for Revenue and Satellite technology for Bahawalpur are fairly close. However, the 
data for Rahim Yar Khan and Ghotki are comparatively widely apart by 7.6 and 6.5 % 
respectively.  
 
3.4 Area of Wheat Crop 2005-06 
 
The correction factor of 3% for Punjab and 6% for Ghotki Sindh was applied to refine satellite 
data. The comparison of the data generated there after, by satellite technique, is compared 
with the data supplied by Revenue department in table No. 4 
 



 

Table 4 – Wheat: Comparison of area estimated by Revenue Dept and SRS-GIS 
technology (000ha) 

Revenue 
Dept 

2005-6 % variation 

District 2004-5 Revenue 
Dept 

SUPARCO Revenue 
Dept: 
2005-6 
/2004-5 

2005-6 
SUPARCO/R. 

Dept 

Bahawalpur 271.5 279.2 279.2 2.8 0.00 
R.Y. Khan 312.8 311.6 356.8 (-) 0.4 14.5 
Ghotki 74.3 78.3 107.4 5.4 37.2 
Total 658.6 669.1 743.4 1.6 11.1 

 
The data reported by Revenue Department for Bahawalpur are close /overlapping with 
satellite data. However for Rahim Yar Khan and Ghotki, these data are apart by 14.5 % . The 
gap for area in Rahim Yar Khan for cotton crop was 7.6% and for wheat crop was 14.5%. In 
Ghotki, the data of cotton crop was apart by 6.5% and for wheat was apart by an extra 
ordinary level of 37.2%. It is apprehended that the gaps in area of cotton and wheat crops are 
mainly due to underreporting of the area of crops by provincial revenue departments. One 
commonality in Rahim Yar Khan and Ghotki districts is that Indus river passes through both 
these areas and at least partly, the reporting of cropped area in the riverian belt remains un-
accounted for. Sutlej River passes through Bahawalpur district. However this is not a live river 
in the aftermath of Indus Basin Treaty of 1960. 
 
3.5 Experiment to Verify the Element of Under Reporting 
 
To test the hypothesis of under reporting of wheat data, an experiment was done in Chak 32 
Abbasia district R.Y.Khan in April 2006. GPS boundary was placed around this village. The 
area of wheat was determined by classification of the satellite image and corrected by 3% as 
outlined above.  

 
Fig 5:  Chak No 32 Abbasia, Rahim Yar Khan 

 
The data show an underreporting of 12% in this village. This confirm up the hypothesis of 
under reporting of data by Revenue Department. 
 
4.       CROP STUDIES PLANNED FOR THE YEAR 2006-07 
 



 

4.1    Kharif Crop 
 
For the year 2006-07, it is planned to report area of cotton, sugarcane, and wheat on 
countrywide basis and area of rice and maize for selected districts. The satellite data is being 
acquired (July/August). SUPARCO has picked up one village in each district out of the area 
frame of provinces, in main growing areas of cotton, sugarcane, rice and maize crops. 
 
GPS boundaries have been placed around major chunk of area of above villages representing 
parcel of 80-90 % of the village area. Cultivated areas of 10-50 acres were taken to work out 
correction factor for satellite data as detailed for wheat crop 2005-06. SUPARCO intends to 
get the gur-da-wari.and (field survey).The gur-da-wari.and jinswar will be taken from PCRS 
.Simultaneously crop   area will be estimated from the classified image and both these data 
will be compared. In addition the technique would be used to emulate cropping pattern of 
sugarcane and cotton crop for the district/province. Similar procedure will be followed for rice 
and maize crops for selected districts. 
 
The work is in progress for cotton and sugarcane crops and will be continued for rice and 
maize crops during Kharif season. The results will be reported in due course of time. 
 
4.2 Rabi Crop 2006-07 
 
Wheat, widely grown, in almost all the agro-ecologies of Pakistan would be studied during rabi 
2006-07. The project will cover all the districts where study for current Kharif crops is being 
carried out. In addition, new districts will be taken up in consultation with MINFAL and 
provincial agriculture departments. The data on area planted under wheat crop will be 
acquired from the satellite data in January 2007 and Ground Truthing Surveys will be carried 
out in January /February 2007. The processing of the images, development of district mosaics 
and classification will be carried out and results are planned to be reported in February/March 
2007. 
 
5.    TRAINING 
 

Two trainings were arranged for functionaries of MINFAL, FBS, PMD and PCRS in Feb and 
June 2006 in order to transfer knowledge in the SRS data based crop reporting system 
developed by SUPARCO. Twelve functionaries participated in first training and 13 in the 
second training.  

6.  INTERNATIONAL COOPERATION –TRANSFER OF 
TECHNOLOGY 
 
The project also plans to transfer technology from international sources. These include: 
 

6.1 SPOT IMAGE, Toulouse, France 
 
The Satellite Ground Station at Islamabad has working arrangements with SPOT constellation 
of satellite to acquire data. Agricultural project is utilizing this facility for acquiring its imagery in 
panchromatic ( 5 meter ) and multispectral resolutions ( 10 meters and 2.5 meters). An 
agreement has been signed with SPOT Image Toulouse, France for transfer of technology. 
The SPOT Image will depute its experts to visit Pakistan and transfer technology, covering 
both academics and practical field demonstrations. In addition remote control service will also 
be available through telecommunication to guide the personnel of SUPARCO on assignments 
in agricultural project.  The module 1 of this program started on 29th July and ended on 8th 



 

August, 2006.The trainees have been drawn from PMD, FBS, provincial crop reporting 
services and SUPARCO. 

6.2     Food and Agricultural Organization of United Nations 
 
The Food and Agricultural Organization of United Nations has helped a large number of 
countries to help transfer technology to use satellite technology for estimation of area of crops 
and develop yield forecasting models.  A Unilateral Trust Fund UTF is in the process of being 
signed with FAO. Under this UTF, thirty professionals from MINFAL, PMD, FBS, provincial 
crop reporting services for further higher training under FAO sponsorship. 
 

7. DEVELOPMENT OF DATABASE 
 
SUPARCO will develop a data base/ gather information on (a) weather data at various 
phenological stages of crop growth,(b) agricultural inputs as seeds, fertilizers, pesticides and 
agriculture credit (c) water and rainfall situation and pattern 

8. DISSEMINATION OF RESULTS 
 
Reports were /will be submitted to MINFA for display of results at its website and for 
publication in the Year Book of MINFAL 
 
 

Annex 1: Approved Crop Calendar in Vogue 
DATES FOR RELEASE OF CROP 

ESTIMATES S. No. CROPS (KHARIF) 
First Second Final 

1 Rice 1st Sept. 1st Dec. 1st Feb. 
2 Sugarcane 1st July 1st Nov 1st April 
3 Cotton 1st Sept. 15th Nov 1st Feb. 
4 Millet 1st Oct. - -do- 
5 Sorghum = - -do- 
6 Maize = - -do- 
7 Sesamum 1st Nov  - -do- 
8 Moonbeam 1st Sept. - -do- 
9 Mash (black mapte) = - -do- 
10 Other Kharif Pulses  

(mooth, Arhar etc.) = - -do- 

11 Turmeric - - -do- 
12 Chillies (Kharif) - - -do- 
13 Groundnut - - -do- 
14 Sunhemp - - -do- 
15 Ginger - - -do- 
16 Guarseed - - -do- 
17 Jute - - -do- 
18 Kharid Fodder - - -do- 
19 All Kharif Vegetables 

and 
i) Bitter gourd 

 
- 
- 

 
- 
- 

 
-do- 
-do- 



 

ii) Lady finger 
iii) Tinda 
iv) Other Kharif  
Vegetables 

- 
- 

- 
- 

-do- 
-do- 

20 All Kharif Fruits and 
i) Mango 
ii) Apple 
iii) Guava 
iv) Apricot 
v) Peach 
vi) Pears 
vii) Plums 
viii) Pomegranate 
ix) Banana 
x) Dates 
xi) Almonds 
xii) Grapes 
xiii) Melons 
xiv) Other Kharif 
Fruits 

 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 
-do- 

21 Tomato (Kharif) - - -do- 

 

Annex 2: Crop Calendar in Vogue 
  

DATES FOR RELEASE OF 
CROP ESTIMATES S. 

No. CROPS (RABI) 
First Second Final 

22 Wheat 1st 
Feb. 1st April 

1st 
Augus

t 
23 Gram 1st 

Jan. 1st April -do- 

24 Barely 1st 
Jan. - -do- 

25 Rapeseed & 
Mustard 

1st 
Feb. - -do- 

26 Tobacco 1st 
May - -do- 

27 Masoor 1st 
Jan. - -do- 

28 Mattar (Pulse) 1st 
Jan.  - -do- 

29 Other Rabi 
Pulses -do- - -do- 

30 Soybean - - -do- 
31 Sunflower - - -do- 
32 Safflower - - -do- 
33 Garlic - - -do- 
34 Linseed - - -do- 
35 Castro seed - - -do- 
36 Coriander - - -do- 
37 Tomato (Rabi) - - -do- 



 

38 All Rabi 
Vegetables and 
i) Turnip 
ii) Carrot 
iii) Cauliflower 
iv) Mattar 
(Green) 
v) Other Rabi 
Vegetables 

 
- 
- 
- 
- 
- 

 
- 
- 
- 
- 
- 

 
-do- 
-do- 
-do- 
-do- 
-do- 

39 All Rabi Fruits 
and 
i) Citrus fruit 
ii) Banana 
iii) Guava 
iv) Other Rabi 
Fruits 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
-do- 
-do- 
-do- 
-do- 

40 Rabi Fodder - - -do- 
41 Chillies (Rabi) - - 15th 

June 
42 Maize (Spring) - - 1st 

June 
43 Sugarbeet - - 1st 

July 
 

    

 
 

 


