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Efficient irrigation water management at the irrigation system requires an accurate water 

accounting from farm to catchment scale. This paper presents an application of a holistic 

systematic approach of water accounting coupled with remote sensing and GIS 

technique to evaluate actual water use in Coleambally Irrigation Area (CIA). CIA covers 

approximately 79000 ha of intensive irrigation and it comprises of a number secondary 

and tertiary canals. In order to divide the spatial and temporal boundaries of the area, 

the scientific criteria was developed using the information about irrigation management 

practices, distribution of rainfall, irrigation infrastructure, potential ET, soil texture, and 

land cover. Based on these criteria, the CIA has been divided into four regions i.e 

Boona, Coly, Argoon and Yamma and the water accounting framework was applied at 

22 nodes based on direction of flow and connectivity. All hydrological data of inflow (i.e. 

surface water supplies, tubewells pumping, rainfall and capillary upflow) and outflow 

components (i.e. actual evapotranspiration, deep drainage, and surface outflow) were 

measured for all established nodes of CIA.   

 

Accurate maps of various agriculture crops using high spatial resolution Terra ASTER 

satellite image was developed for each cropping season. Landsat 5 TM satellite images 

were used to estimate seasonal actual ET using SAM-ET algorithm and the results were 

compared with Modified Penman Monteith Method. Initial results from nodal network 

based water accounting model are very promising and provides a deep insight about the 

spatial variation in crop water demand for each nodes within the CIA.  

 

 

 



1 Introduction 

Irrigated agriculture presently faces the dilemma of meeting the increases in food 

demand coupled with a growing world population that is changing its diet, while ensuring 

the sustainable use of an already scarce water resource and protecting the quality of the 

environment. The long-term sustainability of water is in doubt in many regions of the 

world. Water use has been growing at more than twice the population rate, and a 

number of regions are already chronically short of water. The major withdrawals of water 

are for agriculture, industry, and domestic consumption. Irrigated agriculture, responsible 

for nearly 40% of world food production, uses about 70% of total water withdrawals (UN 

Water Report, 2006). However, a large part of the water consumed for irrigation is 

wasted due to poor management of irrigation systems (Litrico et al., 2005). 

 

Improving water management in irrigated areas and assessment of irrigation 

performance are critical activities for this endeavour. These activities are needed not 

only to improve water productivity, but also to increase the sustainability of irrigated 

agriculture and convalescing the irrigation efficiency in circumstances of strong 

competition for the water resources (Santos et al., 2007). A holistic systematic approach 

of water accounting coupled with remote sensing and GIS technique to evaluate actual 

water use is imperative for efficient irrigation water management at demand node level. 

The water accounting techniques have been tested and applied to identify the 

opportunities for water saving and improving productivity in irrigation systems and river 

basins like Bhakra in India, Chistian in Pakistan, and Kirindi oya and Huruluwewa in Sri 

Lanka (Hafeez, 2003).   

 

Spatial and temporal quantification of evapotranspiration for various land use classes is 

the most critical parameter in water accounting process (Molden, 1997) along with other 

hydrological terms at various spatial scales i.e. farm to basin level (Hafeez and Khan, 

2007). Many traditional methods using weather stations data have been developed to 

estimate the crop water requirements (Calvo et al., 2007). However, the major 

disadvantage of this approach is that most methods generate only point values, resulting 

in estimates that are not representative of large areas. These methods are based on 

crop factors under ideal conditions and cannot therefore represent actual crop ET (Neale 

et al., 2005). Satellite remote sensing is a powerful technique to estimate ET over 

various spatial and temporal scales which ranges from individual pixels to an entire 



raster image that may cover a whole river basin (Hafeez et al., 2007).  These techniques 

have become increasing popular since 1990 due to the relatively reported low cost of 

data collection.   

 

The use of remote sensing techniques to estimate ET is achieved by solving the energy 

balance thermodynamics fluxes at the surface of the earth (Khan and Hafeez, 2007). 

Examples of such models are SEBAL (Surface Energy Balance Algorithm for Land) 

(Bastiaanssen et al., 1998 a & b) and METRIC (Mapping Evapotranspiration with high 

Resolution and Internalized Calibration) developed by the University of Idaho, USA 

(Allen et al., 2005). In this paper a new energy balance model i.e. Spatial Algorithm for 

mapping actual ET (SAM-ET) was applied for estimation of actual evapotranspiration.  

 

The study was conducted in Coleambally Irrigation Area for the summer season starting 

from October 2008 to March 2009. The major objective of the paper is the development 

and application of nodal network modelling approach for spatial water accounting at 22 

nodes in a demand driven Coleambally Irrigation Area. The application of the Nodal 

network approach using a water accounting framework will help in understanding 

present pattern of water use, improving the rational allocation of among different users. It 

also helps in the identification of means to achieve water saving as well as increasing 

water productivity.    

 

2 Study Area 

The Coleambally Irrigation Area (CIA) as shown in Figure 1 is located in the lower part of 

the Murrumbidgee River catchment, approximately 650 km south-west of Sydney in the 

Riverina District of New South Wales. The Irrigation Area contains approximately 79,000 

ha of intensive irrigation, 42,000 ha of irrigation/dryland farms and 297,000 ha of the 

Outfall District area, supplying water to 478 farms owned by 362 business units (CICL, 

2007). Water is diverted to the area from the Murrumbidgee River at Gogeldrie Weir 

through a 41km long main canal, and is then distributed through 477 km of supply 

channels.  



 

Figure 1. Location of the Study area 

 

The CIA is also a major contributor to the 1.5 million tonnes of rice yield generated 

annually in the region. Principal summer (November – April) crops grown include rice, 

soybeans, maize (corn), grapes, prunes, sunflowers and lucerne, while principal winter 

(May – October)  crops include wheat, oats, barley, canola, sunflowers and lucerne. 

Pasture for grazing is grown in both seasons. The gross value of production from 

irrigated crops in the project area is estimated to be over AU$120 million per year 

measured at the farm gate, with significant economic and social impacts in the region 

including the town of Coleambally and the surrounding Murrumbidgee and Jerilderie 

Shire Councils. 

 

The CIA is located within Australia's winter rainfall climate zone (hot, dry summers and a 

dominant winter rainfall). The climate averages over the last 10 years (1997 - 2007) for 

the Bureau of Meteorology (BoM) and Coleambally weather station showed an average 

minimum temperature in July of  3.6°C, and an avera ge maximum temperature in 

January of  33.2°C. Average rainfall is 384 mm per year. Monthly average evaporation 

ranges from 41.2 mm in July to 282.2 mm in January with the average annual 

evaporation being 1723mm. The recent drought, a significant reduction in water 

allocations and concerns about climate change have highlighted the need to manage 



water demand and supply more sustainable, especially in the CIA, which utilizes bulk 

water for food production.  

 

Water entitlements in the project area are approximately 800,000 ML of surface water 

(CICL - 640,000 ML, Yanco Creek System -- 160,000ML) and approximately 70,000 ML 

of groundwater. Water is used to irrigate crops on 478 irrigation farms in the Coleambally 

Irrigation District and approximately 120 in the Yanco/Billabong Creek system. Surface 

water resources for the project area are supplied from Burrinjuck and Blowering Dams 

and are diverted into the area from the Murrumbidgee River. The present study has 

been carried out for only intensive irrigation area of CIA.  

 

3  Material and Methods 

3.1 Nodal Network Model 

The Coleambally irrigation system comprises of one main canal off taking from 

Gogeldrie weir. The system comprise of a number of secondary and tertiary canals. As 

an initial step in performing a water accounting analysis, spatial and temporal 

boundaries of the domain were specified and further divided into a number of nodes 

based on direction of flow and connectivity. Due consideration was given to spatial 

distribution of rainfall, potential ET, soil texture and rooting depth of land cover. The main 

sources of inflow (surface water supplies, tubewells pumping, rainfall and capillary 

upflow) and the outflow (ET, deep drainage, production bores extraction, surface runoff 

and leakage) for these nodes were estimated.  

3.1.1  Land Use/Cover Classification and Estimation of Evapotranspiration 

3.1.1.1  Land Use/Land Cover classification 

The purpose of land use classification is to differentiate ET estimates for land use/land 

cover classes found in CIA. There is hardly any reliable, precise and up-to-date 

information available about the land use in CIA. The land use and land cover model was 

developed and calibrated using ground truth data collected fortnightly across the study 

area throughout the growing season. Land use classification includes irrigated, non-

irrigated and fallow land.  The classification process involved the use of an automated 

clustering algorithm (ISODATA) that would group pixels of similar spectral detail 



together.  This and other image products such as Principal Components and NDVI were 

then used as inputs into a decision tree process in order to identify specific features and 

separate the mixed classes. The final product was vectorised for use within a GIS 

environment, where attributes such as area were added to the associated attribute table 

and vectors were also "cleaned" to remove small polygons.  Class statistics could then 

easily be calculated and appropriate graphs and maps could then be produced for each 

node.   

 
3.1.1.2 Evapotranspiration Estimation  

Landsat 5 TM sensors have provided the satellite data for a long period of time which is 

mostly used in remote sensing studies for crop ET estimation through solving complex 

surface energy balance models.  The capability of Landsat to capture high spatial 

variability makes it much better option to describe spatial distribution of actual 

evapotranspiration. Eight cloud-free Landsat 5 TM images were acquired over the study 

area to estimate ETa, between September 2008 and March 2009 within the catchment. 

The pre-processing parameters required for SAM-ET model included the Normalized 

Difference Vegetation Index (NDVI), surface emissivity, broadband surface albedo and 

surface temperature. The SAM-ET model was calibrated using the meteorological 

parameters measured from automatic weather stations at the selected farms and 

additional ground truthing data collected during the field campaigns in Coleambally 

Irrigation Area. More details on calibration of SAM-ET model were given in Hafeez et al. 

2009. SAM-ET model computes ETa as a residual in the surface energy balance: 

LE = Rn  - G - H     (1) 

Where : 

LE is latent energy consumed by ETa; Rn is net radiation (sum of all incoming and 

outgoing shortwave and longwave radiation at the surface); G is  soil heat flux conducted 

into the ground; and H is sensible heat flux convected into the air.  

 

The conceptual framework for solving an energy balance is given in Figure 2. The daily 

ETa was calculated from the instantaneous evaporative fraction, Λ, and the daily 

averaged net radiation, Rn24. The study provided ETa maps on a monthly and seasonal 

basis for the entire study area. The ETa estimated from remote sensing in CIA has been 

validated with the reference evapotranspiration measured by using Automatic weather 



stations and Eddy Covariance weather stations. This comparative analysis would 

indicate the accuracy and reliability of measuring ETa using remote sensing at the 

selected farms.  

 

Figure 2: Remote Sensing Based Actual ET framework for Hydrological Model 

3.2  Water Accounting Framework 

The water accounting framework is basically an analysis of the water balance, in which 

the outflows are classified according to their use, or potential use, within or outside that 

area (Figure 3). Water accounting defines the amount of water within the system by 

classifying inflow (gross inflow and net inflow), outflow (committed water, uncommitted 

water, and percolation), water depletion through evapotranspiration (process and non-

process), and available water among different users with in an irrigation system. The 

clear understanding of all the components of water accounting at different spatial scales 

level will lead to measure the true water saving at that particular scale.  



 

Figure 3: Water accounting framework (Molden, 1997) 
 

The water accounting indicators are presented in the form of fractions and are explained 

in Table 1. Three types of water accounting indicators, which are alternative to the 

classical irrigation efficiencies, are used in this study: physically based indicators 

(depleted fractions), beneficial utilization indicators (process fraction) and water 

productivity indicators. More details on water accounting indicators can be found in 

Molden (1997). 



Table 1:  Water accounting and performance indicators (adapted from Molden (1997) and 
Molden and Sakthivadivel (1999)) 
Indicator Description 
Gross inflow Total amount of water flowing into the spatial units of the irrigation system, 

comprising rainfall and surface irrigation. 

Net inflow  
 

It is the gross inflow plus any changes in storage. If water is removed from 
storage over the time period of interest, net inflow is greater than gross inflow; 
if water is added to storage, net inflow is less than gross inflow. Net inflow 
water is either depleted, or flows out of the domain of interest.  

Committed water  
 

Part of outflow from the spatial units that is committed to other uses. For 
example, downstream water rights or need may require that a certain amount 
of outflow be realized from an irrigated area. Or, water may be committed to 
environmental uses such as minimum stream flows, or outflows to sea to 
maintain fisheries. 

Uncommitted outflow It is that part of water which is neither depleted nor committed and is available 
for use, but flows out of the spatial units because of lack of storage or 
operational measures. 

Available water Net inflow less the amount of water set aside for committed uses and 
represents the amount of water available for use at basin, service, or use 
levels. Available water includes process and non process depletion, plus 
uncommitted water. 

Water depletion The use or removal of water from a water basin that renders it unavailable for 
further use. It is extremely important to distinguish water depletion from water 
diverted to a service or use, because not all water diverted to a use is 
depleted. Water is depleted by four generic process which are: 
Evaporation: Water is vaporized from surface or transpired by plants;  Flows 
to sinks: water flows into sea, saline groundwater, or other location where it is 
not readily or economically recovered for reuse; Pollution: water quality gets 
degraded to an extent that it is unfit for certain uses; and Incorporation into a 
product: by a process such as incorporation of irrigation water into plant 
tissues   

Process depletion It is that part of the water diverted and depleted to produce an intended good 
for human use. For example, the amount of water lost through 
evapotranspiration by the rice crop  

Non-process depletion  It is that amount of water which is not lost as the result of production process. 
it can be classified as beneficial and non-beneficial depletion, e.g., 
evaporation from swampy areas will be called non-beneficial depletion, while 
evaporation from forest trees will be treated as beneficial depletion.    

Depleted fraction (DF) Ratio of total depletion to gross inflow (DFgross) and to available water 
(DFavailable). 

Process fraction (PF) Ratio of process depletion to gross water inflow (PFgross), to available water 
(PFavailable), and to depleted water (PFdepleted). 

 

All the components of water accounting were measured except ET which was derived by 

using SAM-ET. The output of ET coupled with land use classification derived from remote 

sensing was used in water accounting framework to assess how much water was used 

beneficially and non-beneficially in each demand node of CIA. 

4 Results and Discussion 

4.1 Nodal Network Model 

Based on drainage management aspects, the irrigation system has been divided into four 

regions i.e Boona, Coly, Argoon and Yamma. For nodal network model for spatial water 

accounting, the Coleambally Irrigation system has been further divided into 22 nodes as 



shown in Figure 4. The spatial delineation of these nodes in CIA is shown in Figure 5. For 

each demand node, all components of inflows and outflows required for water accounting 

were estimated. 

 

 

Figure 4:  Schematic of nodal network model for CIA 

 

Figure 5:  Spatial distribution of nodes in CIA 
 

4.1.1 Rainfall 



The rainfall data for two weather stations located in the north and south was processed to 

capture the spatial variation of rainfall. Results indicates that there is no significant difference 

of rainfall (only 4.2 mm) between two stations for the period October 2008 to March 2009. 

However, this average total rainfall for said period is much lower than the long term average. 

Results of monthly rainfall values including average and long term average for both stations 

are given in Table 2.     

Table 2: Monthly rainfall for the period October 2008 to March 2009 

Month Rainfall ( mm) 
North AWS South AWS Average Long Term Average* 

Oct-08 14.2 6.6 10.4 39.9 
Nov-08 52.8 54 53.4 29.8 
Dec-08 50.2 51.6 50.9 29.0 
Jan-09 2.2 12.4 7.3 33.8 
Feb-09 2.4 0.2 1.3 27.6 
Mar-09 1.2 2.4 1.8 28.6 
Total Summer 
Season 123 127.2 125.1 

188.8 

 
*Source: Annual environmental report 2006-07  
 

Average monthly rainfall volumes were used for the estimation of rainfall contribution to each 

demand node in CIA. The monthly and seasonal (October 2008 to March 2009) contribution 

of rainfall volume to each demand node were calculated.  The cumulative seasonal rainfall 

contribution for each demand node for the period is shown in Figure 6. It was found that the 

total contribution to all demand nodes of CIA is 106595 ML.  

 



 
Figure 6:  Seasonal volume of rainfall for each demand node 
 
4.1.2 Surface Water Supplies 

The data for surface water supplies to each farm was collected for the period from October 

2008 to March 2009. This surface water supplies data was then processed to estimate the 

total water delivered to each node. The volume of surface water delivered to each node is 

shown in Figure 7. The total water delivered to all of nodes for the study period was found to 

be 28978 ML. 

 

Figure 7:  Seasonal volume of surface water deliveries for each demand node 
 

4.1.3 Groundwater 

The NSW Department of Water and Energy (DWE) continue to manage groundwater usage 

from the bores under a set of groundwater licence conditions in terms of monitoring and 

reporting. The groundwater usage is not monitored on monthly basis and only annual usage 

is monitored. The groundwater data for year 2007-08 has been released but for the period 

2008-09 has not yet been released.  Due to non availability of data on groundwater usage 

for period October 2008 to March 2009, the groundwater usage data of 2007-08 was used 

by equally distributing annual usage into monthly usage. The data showed that there are 29 

production bores including one CICL’s Colbore (depicted as Coleambally Deep Bore). The 

number of production bores and groundwater usage during the period October 2008 to 

March 2009 is given in Table 3. The groundwater contribution from Colbore was not been 

considered because its water augments the surface water supplies. 



Table 3:  Number of production bores and groundwater usage in each demand node  
 

Demand Node No. Production Bores Groundwater Extraction (ML) 
Coly 1 _ 2 0 0.0 

Coly 3 1 890.0 
Coly 4 0 0.0 
Coly 5 1 388.0 
Coly 6 4 2396.6 
Coly 7 0 0.0 
Coly 8 2 441.5 
Coly 9 5 1690.5 

Coly 10 1 245.5 
Coly 11 1 410.5 
Tubbo 0 0.0 

Boona 1 3 1251.5 
Boona 2 1 168.0 
Boona 3 1 168.0 

Yamma Main_Argoon 2 733.0 
Yamma 1 2 573.0 

Yamma 2_3_ 4 2 726.5 
Bundure Main 2 1466.5 

Bundure 3 0 0.0 
Bundure 4 0 0.0 

Bundure 5_6 0 0.0 
Bundure 7_8 0 0.0 

Total 28 11549.1 
 

4.1.4 Groundwater Recharge 

A list of piezometers with data for September 2008 and March 2009 was collected from 

CICL. The depth to water table data was processed to remove erroneous values. Finally, 

530 piezometers were selected for annual recharge calculation. Two separate layers of 

water table elevation for both mentoring periods were developed using kriging interpolation 

technique. For calculating the change in water table elevation, the interpolated layer for 

September 2008 was subtracted from the interpolated layer of March 2009.  An average 

specific yield value of 0.06 was determined for the aquifer type of CIA. Recharge was 

calculated by multiplying the value of change in water table elevation depth with the specific 

yield: Recharge (m) = [specific yield] x [changes in the water table elevation (m)]. The spatial 

distribution of recharge in CIA domain is shown in Figure 8. The volume of recharge for each 

node was calculated from the depth of recharge and the area associated with that node. The 

average recharge depth and recharge volume for each demand node indicates that there 



was effective groundwater discharge from each node during September 2008 to March 

2009.  

 

Figure 8:  Spatial distribution of recharge in CIA for period September 2008 to March 2009 
 

4.1.5 Land Use/Cover Classification and Actual Evapotranspirtion 

4.1.5.1 Land Use/Cover Classification 

Land cover classification was undertaken in the CIA using the ASTER satellite image (spatial 

resolution of 15 m in visible bands) of January 8, 2009. Due to the size of Coleambally and 

the comparatively small scene size of an ASTER image, two sequential scenes were 

mosaicked to produce a single image covering the entire study region. The land use/land 

cover classification map is shown in Figure 9. Land use has been classified into seventeen 

classes starting from urban area to lush green rice crop. It was found that only 3.6% of area 

is under different crops and remaining 96.4% is classified as non crop area. The former 

includes major crop rice and maize in addition to smaller area crops i.e. citrus, eucalyptus 

plantation, Lucerne, legumes, olives, stone fruit, sunflower, vegetables and vines. The major 

non crop areas were found under short to tall grass, riparian vegetation, bare soil and urban 



settlements.  For spatial water accounting model only crop and non crop areas were 

considered.      

 

Figure 9:  Land use/cover classification for summer 2008-09  
 
4.1.5.2 Actual Evapotranspiration 
 

This study focused on using SAM-ET model to estimate actual evapotranspiration (ETa) from 

agricultural areas using optical satellite imagery. All essential meteorological data for 

calibration of SAM-ET, like air temperature, skin water temperature, soil temperature 

humidity, wind speed, soil heat flux and net radiation were collected continuously at various 

satellite overpass days during the growing season from two weather stations in CIA. The 

practical procedures for an estimation of seasonal actual evapotranspiration over the study 

area are extensively described in Hafeez (2003).    

 

The seasonal actual evapotranpiration (ETs) were estimated using 8 Landsat 5 TM images, 

while the missing ETa values were obtained by daily calculation of reference 

evapotranspiration (ETo) as proposed by Tasumi et al. (2000). Output of SAM-ET is a pixel 

based spatially distributed seasonal estimate of actual ET for different nodes of CIA as 



shown in Figure 10. The seasonal actual ET values ranges from 21 mm to 1707 mm with the 

mean value of 666 mm and standard deviation of 170 mm. To validate the remote sensing 

results, ETa values calculated through SAM-ET were compared with estimated ETo and crop 

evapotranspiration (ETc) using Modified Penman Monteith method (Allen et al., 1998). 

Comparison of predicted ETa values through SAM-ET with ETo, and ETc estimates with 

Modified Penman Monteith method indicates relatively good accuracy (Hafeez et al., 2009) 

and has potential for use in the water accounting studies of the summer season of 2009.  

 

Figure 10: Spatial distribution of seasonal actual ET for summer 2008-09. 

 

4.2 Spatial Water Accounting for Nodes 

Two types of water accounting indicators introduced by Molden and Sakthivadivel (1999) 

have been analysed for water accounting. These indicators are physically based (depleted 

fraction) and beneficial utilization (process fraction). The depleted fraction indicators 

provides information about the flow paths of water, how much water is being depleted and 

what use is depleting the water. Process depletion is the total amount of water transpired by 

crop, the process fraction indicates the percentage of water that is depleted through 

evapotranspiration of crops and can be defined as gross inflow, available water and depleted 

water. The results of water accounting for each irrigation node are given in Table 4.   



Table 4: Spatial water accounting for summer season of 2008-09 for Coleambally Irrigation Area  

Description Coly 1 _ 2 Coly 3 Coly 4 Coly 5 Coly 6 Coly 7 Coly 8 Coly 9 Coly 10 Coly 11 Tubbo Boona 1 Boona 2 Boona 3

Yamma 

Main_Argoon Yamma 1 Yamma 2_3_ 4

Bundure 

Main Bundure 3 Bundure 4 Bundure 5_6 Bundure 7_8 Total

Total Area (ha) 453 1330 2039 1318 2877 1139 2254 8446 2901 2692 4225 3574 1639 4183 8377 7057 9947 3489 5012 4715 2928 4612 85207

Crop Area  (ha) 19 135 148 86 452 21 67 412 0 179 103 177 166 136 247 246 209 0 41 101 46 36 3026

Non Crop Area  (ha) 434 1196 1892 1232 2425 1118 2187 8035 2901 2513 4122 3397 1473 4047 8130 6810 9738 3489 4970 4614 2882 4577 82182

Gross Inflows (ML) 741 2560 3350 2202 7181 1505 4090 15513 4438 5235 5960 7015 2598 7902 15900 13417 16904 5995 7682 6747 4254 5931 147122

Irrigation 174 6 799 165 1185 80 829 3257 564 1457 674 1292 379 2502 4687 4017 3733 164 1412 849 591 161 28978

Groundwater 0 890 0 388 2397 0 441 1691 246 411 0 1251 168 168 733 573 727 1467 0 0 0 0 11549

Rainfall 567 1664 2551 1649 3599 1425 2820 10566 3629 3368 5286 4471 2050 5233 10480 8828 12444 4365 6270 5898 3663 5770 106595

Storage Change -321 -648 -589 -423 -1487 -591 -927 -2306 -871 -643 -1638 -1682 -454 -1296 -550 -1998 -1971 -274 -713 -1606 -367 -1379 -22736

Net Inflow 1062 3209 3939 2625 8669 2096 5018 17819 5310 5879 7598 8697 3051 9198 16450 15416 18875 6269 8395 8353 4621 7310 169858

Total Outflow 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total Depletion(ML) 539 2168 3023 1989 6762 1221 2612 12776 3296 5044 4295 5502 2385 5642 11821 11424 13535 4201 6319 6414 4011 5644 120622

Process ET 123 1286 1244 847 4668 185 601 4224 0 2122 931 1663 1452 1311 2973 3302 2714 0 526 1203 597 308 32281

Non Process ET 415 882 1779 1142 2094 1036 2011 8551 3296 2922 3363 3839 933 4332 8848 8122 10821 4201 5792 5211 3414 5336 88340

Available Water 1062 3209 3939 2625 8669 2096 5018 17819 5310 5879 7598 8697 3051 9198 16450 15416 18875 6269 8395 8353 4621 7310 169858

Depleted Fraction (-)

        of gross inflow 0.73 0.85 0.90 0.90 0.94 0.81 0.64 0.82 0.74 0.96 0.72 0.78 0.92 0.71 0.74 0.85 0.80 0.70 0.82 0.95 0.94 0.95 0.82

        of available water 0.51 0.68 0.77 0.76 0.78 0.58 0.52 0.72 0.62 0.86 0.57 0.63 0.78 0.61 0.72 0.74 0.72 0.67 0.75 0.77 0.87 0.77 0.71

Process Fraction (-)

       of gross inflow 0.17 0.50 0.37 0.38 0.65 0.12 0.15 0.27 0.00 0.41 0.16 0.24 0.56 0.17 0.19 0.25 0.16 0.00 0.07 0.18 0.14 0.05 0.22

      of available water 0.12 0.40 0.32 0.32 0.54 0.09 0.12 0.24 0.00 0.36 0.12 0.19 0.48 0.14 0.18 0.21 0.14 0.00 0.06 0.14 0.13 0.04 0.19

      of depleted water 0.23 0.59 0.41 0.43 0.69 0.15 0.23 0.33 0.00 0.42 0.22 0.30 0.61 0.23 0.25 0.29 0.20 0.00 0.08 0.19 0.15 0.05 0.27  

 

 

 

 

 

 



The depleted fraction of gross inflow among the nodes varies from 0.64 for Coly 8 to 0.96 for 

Coly 11. The lower value in Coly 8 indicated that 36% of water flowing out of the system 

either through any major rainfall runoff events or water moving from the underground storage 

of that node to adjacent node. On the other side, the higher value for Coly 11 indicates only 

4% of water flowing outside of the system. Overall value of depleted fraction of gross inflow 

for CIA was found to be 0.82 which means that 18% of inflow is flowing out of the system. As 

there has not been any runoff observed going out of the system so that out flow might be 

through groundwater movement to adjacent aquifer system. 

 

The available water is more than the gross inflow due to depletion of groundwater storage 

for all nodes. The depleted fraction to available water must be lower than depleted fraction of 

gross inflow. It is found from the analysis  in Table 4 that depleted fraction to available water 

varies from 0.51 for Coly 1_2 to 0.87 Bundure 4_5 and overall value is 0.71 for whole of CIA. 

These lower values shows that momentous part of available water is not used by 

transpiration and percolates to deep groundwater or participate used to soil moisture.  

 

Process fraction of gross flow, available water and depleted water for all nodes in CIA is 

presented in Table 4. The minimum process fraction of gross flow, available water and 

depleted water was found to be 0 for Coly 10 and Bundure main, as no crop was grown in 

these nodes. The maximum process fraction of gross flow, available water and depleted 

water was found to be 0.65, 0.54 and 0.69 respectively for Coly 6. The reason for highest 

process fraction in Coly 6 is due to more crop area in relation to total area as is evident from 

Table 4. Overall, process fraction of gross flow indicates that 22% of water depleted through 

crops as only 3.6% area of CIA is under crops during the summer season. Similarly, process 

fraction of the available water  is 0.19 meaning that 19% of available water is beneficially 

depleted and the process fraction of depleted water is 0.27 meaning that 27% of depleted 

water is consumed by crops and remaining 73% evaporates from free water surface or non 

crop vegetation. 

 

5 Conclusions 

Water accounting technique was applied to measure water accounting indicators across 22 

spatial nodes for summer season of 2008-09 in a Coleambally irrigation area. In summer 

2008-09, only 4% of the area was under irrigated crops under current water scarcity 

conditions.  

The process fraction per unit of depleted water (PFdepleted) of node Coly 6 is highest (0.69) 

because more crop area was grown in relation to the total area of the node. While 



PFdepleted of Coleambally Irrigation Area is  0.27, meaning that 27 % of the depleted water 

is consumed by the cropped and 73 % is lost through non-process depletion (evaporation 

from free water surface, and non-crop vegetation). This is the highest amount of water 

depletion through non-process depletion for CIA and water productivity could be improved by 

reducing these depletion losses.   

 

The depleted fraction per unit of gross inflow (DFgross) value show an upward trend across 

scales ranging from 0.64 (Coly 8) to 0.96 (Coly 11) indicating most of the irrigation water is 

being used within the node Coly 11. For whole CIA, 82 % of the water inflow (rainfall, and 

irrigation) is being used within the system, which shows that there is very less potential to 

further exploit surface outflows. The second indicator, depleted fraction with respect to 

available water, gives an indication of how much water is still available for further use, and 

can be interpreted as irrigation system efficiency. Overall, the DFavailablewater indicator 

shows that irrigation system efficiency is ranging from 51% at Coly 1_2 (lowest) to 87% at 

Bundure 5_6 (highest) with an average irrigation efficiency of 71% for CIA.  
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