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Abstract 
This paper describes the importance and capabilities of modern techniques such as remote sensing (RS) and 
geographic information systems (GIS) as water resource management and conservation tool. RS/GIS 
analysis can show where water enters a system and how it leaves –through evapotranspiration and runoff. 
Using this information, planners can identify areas where there is potential for development of new water 
resources; where water can be reallocated from one use –or one basin –to another; and identify potential 
areas of water scarcity before water shortages occur. The main objective of this research is to calculate 
accurate crop water requirement by using RS/GIS in combination with hydraulic models. The results 
helped in devising guidelines, which intern will help the policy makers to release the water supplies based 
on crop requirement only rather than supply based. Multi temporal satellite images were used to identify 
various crops and cropping pattern in the area. 

 
This study was conducted for the Pehure High Level Canal (PHLC) and the Upper Swat Canal (USC) 
system in the North Western Frontier Province (NWFP) of Pakistan. Crop identification at distributary 
level was made from multi-temporal Remote Sensing satellite images. Various image processing 
techniques such as supervised, unsupervised classification and spectral mixture analysis were used to 
correctly identify various types of crops in the region and ultimately accurate areas of all the classified 
crops was calculated from the satellite images. These calculated areas were compared with the seasonal 
data recorded by the irrigation department. ET was calculated using CROPWAT model at various stages of 
crop growth. Then water required for each individual crop was calculated. The results are very 
encouraging. The results of this study can be used while devising guidelines for water managers to release 
the canal supplies based on crop water requirement. This practice will help in avoiding wastage of canal 
water at farm level, which can be optimally used for increasing irrigated areas and crop productivity in the 
area. 
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INTRODUCTION 
Water is an important natural resource on the earth and plays a vital role in every aspect of life. 
The sources of consumable water are mainly groundwater, rainfall and surface water bodies like 
river, ponds and lakes, but the competitors are too many like domestic, agriculture, infrastructure 
and industrial sectors. The agricultural sector is the major consumer of water and land resources. 
Seckler et al. (1998) estimate that around 70 percent of all water used each year produces 30 to 
40 percent of the world’s food crops on 17 percent of all arable land. With the limited 
availability of natural resource made it mandatory to use them optimally, so that the need of each 
sector will be fulfilled with justification. More knowledgeable management is essential for 
improving crop production per unit of water from the field level up to entire basins. 
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There are many approaches that are made to conserve water, but they are not the only complete 
way to get sustainable growth. There is further need for a comprehensive strategy for utilizing 
the water resources in such a way that they can be used for long time with minimum degradation 
when exploited in their optimal capacity. But we lack accurate information on the conditions of 
irrigation system, making performance hard to quantify (Molden 1997). As a result when 
technical interventions are made, the effects on the actual performance of the irrigation system 
are difficult to describe. Financial investments intended to improve productivity and make 
efficient use of good quality irrigation water can be economically justified if progress become 
measurable phenomenon. 
 
The task of providing that information on scales ranging from farm field to command and entire 
water basins is far from trivial. Distinct spatial variations cropping pattern, cropping conditions, 
soil moisture status and micrometeorology all occur within an irrigation scheme. Although 
information on irrigation practices can be acquired by conventional field visits, survey 
methodologies usually differ from survey to survey. Moreover, field data become outdated 
because changes in land and water management occur frequently (Bastiaanssen, 1998). However, 
the Remote Sensing (RS) from space can regularly provide objective information on agriculture 
and hydrological conditions of large land surface areas as well as small ones. Geographic 
Information Systems (GIS) approach is an advanced tool for manipulating such information in an 
efficient way. In this study, efforts were made to introduce the use of modern tools like RS, GIS 
and CROPWAT for improving management of the existing irrigation systems. 
 
 
MATERIALS AND METHODS 
 
Study area 
The existing Upper Swat Canal and Pehure High Level Canal Project are located in Malakand 
Agency, Swabi, Charsaddah, Mardan and Nowshehra districts of NWFP in Pakistan. The area 
lies from 720 05’ to 720 49’ North, 330 99’ to 340 10’ East (see Figure 1) and is bounded: in the 
Northwest by the Swat River and Malakand Hill, to the Northeast by the Swabi hills and Tarbela 
Reservoir, to the Southwest by the Lower Swat Canal command, and to the Southeast the Pehur 
Main Canal (existing lift canal from below Tarbela Dam) and the Indus River. 

 
Figure 1: Study Area, Pehur High Level Canal (PHLC) and Upper Swat Canal Systems (USC) 
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Agriculture in the area is either rain fed or in the command of Upper Swat Canal System, 
restricted by shortage of irrigation supplies. Average annual rainfall as reported by three rain 
stations (Gohati, Jagganath and Shabazghari) in the area, is 830 mm, 755 mm and 675 mm 
respectively. Most of the rains are concentrated during months July and August of the year but 
overall. Maize, Wheat, Sugarcane and Tobacco are the main crops grown in the irrigated areas 
while Maize, Wheat and Groundnuts are the main crops in rain fed areas. For this research two 
distributaries (Pir Sabak and Yaqubi) from the study area were selected. 
 
Land cover classification 
The remote sensing data used in this study was Landsat ETM with 30-meter spatial resolution 
and panchromatic band with 15m spatial resolution. According to Zhao et al., for Landsat ETM 
images from late Feb to early April are most appropriate for rabi crop identification and early 
August to late September for kharif. In this study three dates were chosen, i.e., April 8, 2002, 
September 2, 2002 and February 18, 2003. During this time the relevant thematic maps of the 
study area were prepared to support the crop identification from satellite images. First, each 
frame of TM images was geometrically corrected with ERS Panchromatic 5 meter spatial 
resolution, which was already ortho-rectified to Lambered Conformal Conic (LCC) co-ordinate 
system, with a resultant estimated root mean square error (RMSE) of less than one pixel. A land 
cover classification was performed for both the rabi and kharif season. The land cover 
classification will be used as input for crop water requirement calculations. 
 
Rabi season 2001-02 
A Landsat ETM image of Aril 8, 2002 was used to identify crops in the rabi season. The crop 
classification was performed using a series of consecutive unsupervised classification steps. The 
unsupervised classification has been carried out on the basis of ISODATA clustering algorithm. 
The ISODATA algorithm assigns pixels to the nearest cluster, based on spectral distance. The 
algorithm is iterative in that it repeatedly performs an entire classification and afterwards 
recalculates the new statistics of the clusters. The recalculated means of the every cluster are the 
basis for the new iteration, in which all pixels are assigned again to the nearest cluster. The 
process ends when certain number of pixels is not assigned to a different cluster. A value of 
100% was used in this exercise, which means all pixels have to be assigned to some cluster. The 
number of clusters has to be fixed beforehand. 
 
Three ISODATA clustering attempts were performed, using respectively 5, 15 and 30 clusters. 
The ISODATA clustering with 5 classes was used to separate bare soil, village or settlement 
areas, water and vegetation. The ISODATA results with large number of clusters were used to 
separate different vegetation classes. A field campaign was conducted to collect the information 
about crops in various seasons, cropping pattern and irrigation practices and sources of irrigation. 
A spatial database was developed based on this campaign. This database was used to assign 
ISODATA clustering results to land cover classes. The major crop grown during rabi season is 
Wheat with other crops e.g. Tobacco and sugarcane, which are already on the ground during 
April, so are included for this classification attempt. The spectral features of other crops, which 
were identified in the field campaign but were not distinctive enough to be separated by the 
algorithm, were reported as “other vegetation” class. The accuracy of classification depends on 
several factors; such as the spectral separability of the land cover classes, heterogeneity of the 
land surface, and the extent of field truth. The accuracy of the current classification is aggravated 
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by the fact that the agricultural plots have a small size and most ground truth samples originate 
from a limited area. More ground points will improve the accuracy of the classification. 
Table 1: Accuracy statement of Supervised classification of satellite image for various crops. 

Class
Name

Reference
Total

Classified
Totals

Correctly
Classified

Producers
Accuracy

Users
Accuracy

Wheat 52 50 47 90.38% 94.00%
Maize 69 69 63 91.30% 91.30%
Tobacco 96 98 91 94.79% 92.86%
Sugarcane 100 101 78 78.00% 77.23%
Other_vegetation 54 55 33 61.11% 60.00%  

 
Kharif season 2002 
The Landsat ETM of September 2002 was used to perform crop classification for identification 
of kharif season crops. The same ISODATA clustering methodology as applied for rabi season, 
was used for the September image. Similar database was developed as for rabi season, to 
interpret the clusters of the ISODATA. Despite that such dataset is not sufficient to cover the 
range of field conditions, the database has been used for the interpretation of the ISODATA 
results. In general crop classification has an accuracy of 85 percent if the ground truth data 
collection is complete (Bastiaanssen et al., 2003) so in this study it is expected to be lower. The 
crops in kharif season are Tobacco, Maize and Sugarcane. Crop areas were calculated from the 
classified images. 
 
To compare the results of supervise classification with sub-pixel classification results, a spectral 
mixture analysis technique, Linear Spectral Unmixing (LSU) was tested in this case. The results 
of LSU apparently look very encouraging but unfortunately, due to lack of sufficient ground 
truth data the accuracy of results could not be tested. Consequently, the results will not be used 
in calculation of water requirements for the crops in the study area. 
 
 
CALCULATION OF CROP WATER REQUIREMENT 
Crop water requirement was calculated using CROPWAT, which make use of FAO (1992) 
Penman-Monteith methods for calculating reference crop evapotranspiration and is meant as a 
practical tool to help agro-meteorologists, agronomists and irrigation engineers to 
evapotranspiration and proper management of system. It helps in development of irrigation 
schedules under varying water supply conditions and the assessment of production under rainfed 
conditions or deficit irrigation. 
 
The input data to CROPWAT for different parameters was used from Gohati station. Gohati 
station is located at an elevation of 375.2 m, latitude 34.10 o N and longitude 72.25o E. The 
average 30 years data (1961-90) of Gohati station (NWFP province) regarding different 
meteorological variables—wind speed, sunshine hours, maximum and minimum temperatures, 
relative humidity and rainfall were utilized in CROPWAT for the calculation of reference 
evapotranspiration (Eto) of both the distributaries. 
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Distributary water supply 
Two sample distributaries Pir Sabak and Yaqubi were selected for this research. The main 
features of the sample distributaries are depicted in table 2. 
Table 2: Main features of two sample distributaries 

Distributary Length of the
Distributary Design Discharge Water Allowance

(Km) (liter/Sec) (Liter/Sec/ha)

Pir Sabak 16 2379 0.699

Yaqubi 5 991 0.699  
 
Historical flow was recorded on daily basis at head of the distributaries. Discharge was 
calculated using KD Formula. 
 

Q = KDn 
 
Where D is depth of flow, K is co-efficient which is mostly dependant on cross sectional area 
that is influenced by backwater from downstream regulating structures and n is an exponent that 
is largely dependant on geometric shape of the cross section (Vehmeyer et al., 1998). For this 
study data for year 2002 was used. Discharge on 10 daily basis was derived from the original 
daily basis. 
 
 
RESULTS AND DISCUSSIONS 
Figure. 2 show the classified image of September 2002, clipped to the command areas of two 
sample distributaries (Pir Sabak and Yaqubi). Accuracy report (see Table 1) shows that Wheat, 
Maize and Tobacco are classified with reasonable high accuracy but Sugarcane has low value. 
The sugarcane got low accuracy due to the reason that ground truth information was not 
sufficient for the sugarcane area. Also mix cultivation and crop condition of tobacco and 
sugarcane has made it difficult for satellite image to distinguish two crops. For September image 
Sugarcane is likely to mix with Maize. Overall accuracy of September image is 80.80% as 
compared to 78.60% for April image. 
 

            

 

                          
Figure 2: Classified image September 2002, clipped to command area of sample distributary; a) Pir Sabak 
distributary b) Yaqubi distributary 
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Crop area calculations 
The classified image showed little more cropped area than secondary1area of sample 
distributaries. The reason for this difference is that the areas, which are not irrigated by canal 
water, are excluded from secondary statistics. Values of Maize, wheat and Tobacco are 
comparable for Yaqubi distributary (see Table 4) except for the Sugarcane, which differs 
significantly from secondary areas statistics. The reason for this difference is probably mix 
cultivation. Mix cultivation of sugarcane together with other crops e.g. wheat, tobacco etc in the 
same field, may cause problem for satellite image to distinguish between two crops thus causing 
discrepancy. Therefore crop areas reported by DoI cannot be taken as representative of cropped 
area in the sample distributary command. Also, crop condition may aggravate the classification 
results. 
 
Table 3: Results of crop classification for Rabi 2001-02 and Kharif 2002, for Pir Sabak distributary. 

Land Cover Calculated Area (Acres) Secondary Area (Acres)
Wheat 1505.42 1618.11
Maize 3634.82 1319.33
Tobacco 1073.16 270.92
S_Cane_Rabi 3432.91 295.31
S_Cane_Kharif 5203.15 295.31
Other_Vegetation 1158.68 1273.35  

Table 4: Results of crop classification for Rabi 2001-02 and Kharif 2002, for Yaqubi distributary. 

Land Cover Calculated Area (Acres) Secondary Area (Acres)
Wheat 870.96 805.02
Maize 1418.44 1966.74
Tobacco 646.72 984.91
S_Cane_Rabi 984.42 241.04
S_Cane_Kharif 1089.51 241.04
Other_Veg 1501.61 1273.35

 
 
Crop water requirement and supply 
Crop water requirement was calculated using reference evapotranspiration (ET0) value obtained 
from CROPWAT model and area of each crop calculated from classified satellite image for 
sample distributary. The ET0 and rainfall average value for the study area derived from 30 years 
data, is shown in Figure 3. The average reference evapotranspitaion is 3.48 mm/d and it varies 
from 0.84 mm/d to 6.23 mm/d as shown in the Figure 3. The total rainfall in the area was 831 
mm, the maximum of which occurs in August (232 mm). About 56% of total rainfall occurs in 
three months namely July, August and September. The crop water demands (ETc) were 
calculated for both the sample distributaries based on a detail survey of both cropping intensities 
and cropping patterns. The values of ETc were calculated using reference evapotranspiration 
(ETo) and crop factors (Kc).  The average crop water demand of sugarcane was 1439 mm 
followed by tobacco (642 mm) and wheat (322 mm). The crop water demands for maize was 204 
mm. 

                                                 
1 The data or information collected from Department of Irrigation (DoI) 
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Figure 3: Variation in reference evapotranspiration and rainfall based on 30 years (1961-1990) average data 

The sowing period of each crop was staggered into 4 blocks, which ranges over one month 
approximately. Similarly harvesting period lasts for one month. Actual ET was calculated for 
this extended period of each crop to better compensate the effect of rainfall and locate optimistic 
value of reference ET0. This can help in locating the sowing period of crop for which smaller 
amount of water is required. Accordingly, total area of the crop was distributed over four 
different periods of crop growth. This method of calculating actual ET considers the realistic 
effect of rainfall on resulting values of ET. Finally, crop water requirement was calculated on 
daily basis and then averaged on 10 daily basis (Figure 4).  
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Figure 4: Demand and supply comparison of sample distributaries. 
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Water requirement obtained this way is not specific to any spatial location within command of 
distributary instead its calculation is based on various stages of the crop growth. Bastiaanssen et 
al 2003 used Surface Energy Balance Algorithm for Land (SEBAL) to calculate ET0 value for 
each pixel of the satellite image by making direct use of satellite image radiance values. 
Temporal images can be used if water requirement is needed to calculate for growth stages of a 
particular crop during its growth period. Water supplies of the sample distributaries were 
calculated from daily basis to 10 daily basis and then plotted to compare with water requirement 
of the distributary. 
 
The comparison of demand and supplies of the two sample distributaries is shown in Figure 4. It 
is evident from Figure 4 that water demand is higher than water supplies from January till 
beginning of September, but late in September the water demand falls shorter and water supplies 
rises up and becomes greater than demand. These supplies are based on only from Maira Branch2 
and supply from PHLC will supplement for the water demand. This type of chart will help water 
managers to take important decisions about releases of water from PHLC to Maira. Such 
seasonal plots developed on daily basis can be much useful for efficient management of water 
supplies. The surplus water can either be saved or used to increase irrigated area and cropping 
intensity in the command of the distributary, consequently increasing yield and water 
productivity of the study area. 
 
Presently, it is normal practice in the study area and also all over the Pakistan that water demand 
is calculated based on culturable command area (CCA) and cropping intensity of the distributary. 
Normally during rabi season cropping intensity is less therefore less water is required so less 
supply from head of distributary as compared to kharif season. Since this supply does not vary 
significantly within the season but crop water demand decreases significantly. As is clear from 
figure 4 that water supply becomes higher than water demand during rabi season, therefore 
farmers tend to either over irrigate the land resulting into water logging problem, or simply waste 
water into drains. Therefore the surplus water can be saved and utilized for irrigating additional 
areas. By using the methodology developed in this research crop water demand at field or 
distributary level can be calculated and compared with supply which can be helpful in decision 
making for effective water planning and management. 
 
 
CONCLUSIONS AND RECOMMENDATIONS 
For water managers, sufficient spatial and temporal information is necessary. Conventional 
techniques are not sufficient to provide all such information on large scale. Modern technologies 
such as remote sensing and GIS have proven its worth to provide timely and reliable information 
about various phenomena of earth. Water is global problem and vital to manage especially for 
developing countries like Pakistan. This research provides a tool for water resource planning and 
management at distributary level. 
 
For better water resources management the accurate relationship between water demand and 
water supply must be realized and established. Accurate crop identification is important to know 
about actual demand of water in the area. This study has revealed that remote sensing 
                                                 
2 Maira Branch canal is originating from Machi Branch canal at RD 242. At this RD PHLC will confluence with 
Maira. 
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information along with sufficient amount of ground truth data can be useful in identification of 
various crops with reasonably high accuracy. Therefore accurate cropped area can be calculated 
from remote sensing image. Comparison of water supply with water demand showed that there is 
extra water during rabi season, which can be saved and used to increase irrigated areas and 
enhance crop productivity in the area. Water managers can adopt the methodology developed in 
this research as a tool for water planning and management. More detailed planning at field level 
can be made if advanced remote sensing models like Surface Energy Balance Algorithm for 
Land (SEBAL) are used. Also accurate areas can be calculated by using spectral mixture analysis 
techniques, which can provide estimates of crop fraction within pixel. In addition to all this 
modern irrigation practices and resource conservation technologies will be helpful for improving 
water use efficiency and overall conservation of water resources. 
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