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can be classified as surface water, 
groundwater and combination of surface 
water and groundwater, and finally assigned 
to each river reaches. 

Landsat imagery provides the longest earth 
monitoring satellite data with more than 30 
years of image archives. It has a 30 meter 
resolution and a 16 day revisit orbit, and the 
calibrated images are available free of 
charge. The water year for the purpose of 
this project is defined as starting with 
summer; therefore summer 2012/13 images 
are from October 2012 to March 2013 
(Hughes et al, 2015). The Lachlan catchment 
is covered by approximately eight Landsat 
images. Image analysis was undertaken by 
generating Normalised Differentiated 
Vegetation Index (NDVI) images which 
were further analysed to extract irrigated 
areas. Image interpretation was undertaken to further analyse NDVI value range to accurately extract 
information related to cropping areas by using semi-empirical approaches of the threshold. This process 
included interpretation of greenness by visually inspecting a number of polygons to assess quality of 
information and detect all the irrigated area by Surface Water (SW) and Ground Water (GW).  

Entitlement and property information from Water Licensing System (WLS) database and surveys are used to 
classify the irrigated crop by SW or GW categories and summarize the SW irrigated cropping area, GW 
irrigated cropping area and combination of SW and GW irrigated cropping area based on each river reach. 
Presence of combined SW and GW entitlements on some properties created difficulties in assigning the 
cropping areas to the above categories.  

The irrigated crop areas were further classified based on Landuse Mapping (Office of Environment and 
Heritage), which includes Landuse categories such as irrigated cropping, grazing irrigated modified pastures, 
irrigated perennial horticulture and irrigated seasonal horticulture. Since IQQM crop model keeps track of 
each crop type therefore estimation of different crops is useful for better model calibration. 

Figure 3 shows an example of surface water irrigated areas (red parts outlined by yellow borders) estimated 
by remote sensing by linking them to individual properties using licensing and works approval data.  

5.3. Comparison of Planted Areas from Survey and Remote Sensing 

The summer crop areas estimated in previous sections by surveys and remote sensing are compared in 
Table 1 (2014/15 imagery is currently being analysed). As Table 1 shows, areas estimated based on remote 
sensing were slightly larger. These discrepancies can be due to reasons including the incorrect diversions 
used for calculating the survey based areas, incorrect entitlements numbers associated with imagery and 
separation of irrigated surface water areas from ground water.  
 

Table 1: Comparison of Summer Areas (ha) based on Surveys  
  and Remote Sensing 

Water Year Surveys Remote Sensing 
2012/13 32,000 38,000 
2013/14 26,000 35,000 

5.4. Crop Area Planting Decision 

One source of uncertainty in the Lachlan IQQM is the irrigators’ Crop Area Planting Decision which relates 
planted crop area to water availability. To develop a Crop Area Planting Decision function with a reasonable 
degree of confidence, at least 4 to 5 data points are typically needed. For present study only 3 points 
(2012/13, 2013/14 and 2014/15) were available. The Crop Area Planting Decision functions were purely 
based on the 2012/13 maximum area and matching 2012/13, 2013/14 and 2014/15 diversion data. In addition 
to these, an estimation of the minimum planted area when the General Security (GS) entitlements holders’ 

 

Figure 3. Surface water irrigated areas (red parts outlined 
by yellow borders; dark red are GW irrigated) 
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balance is zero, is needed. Following discussion with several large Lachlan irrigators, it was ascertained that 
irrigators will plant around 10,000 ha even with zero water availability on 1 October.  

Figure 4 shows the Crop Area Planting Decision function comparison used in WSP, Current Conditions 
(CC110) and survey based estimates. This figure shows that the Lachlan irrigators are not taking as much risk 
as they used to such as in late 1990s (WSP). This is consistent with what has been observed through 
allocations and diversions over the last few years. The reason of recent conservatism may be due to the fact 
that Lachlan recorded its worst ever drought in 2000s and a number of irrigators found it very difficult to 
survive economically. Since the break of drought they have started using their allocations very cautiously so 
that they can survive through future droughts. 

 

Figure 4. Derivation of Crop Area Planting Decision for Current Conditions model 

6. DEVELOPMENT OF CURRENT CONDITIONS MODEL  

IQQM model was configured to represent “Current Conditions” by updating the planted crop types and areas 
and Crop Area Planting Decision. The licensing conditions and entitlement along with any infrastructure 
changes were also incorporated in the model. The newly developed model was then subjected to various 
statistical as well as visual tests to check whether the results match the recorded data such as diversions, dam 
storage volumes and end of system flows. Model was slightly overestimating diversions that needs further 
adjustments. 

The newly developed Crop Area Planting Decision function discussed in previous section indicated that the 
irrigators are not taking excessive risks and therefore as expected the valley diversions over 115 years model 
simulation reduced significantly compared to WSP. Based on model result the use limit was revised from 
75% to 100%.   

7. CONCLUSIONS  

This study details various challenges encountered in developing the Current Conditions IQQM model of 
Lachlan River System of NSW. A 3 to 5 years of farm data such as crop types and planted areas are needed 
to configure the model to represent the most recent conditions. In addition reliable diversion data for each 
entitlement holder is a must for the estimation of planted crop areas. Annual irrigator surveys provide more 
reliable statistics but it is a cumbersome process. Remote sensing based method may be a promising 
alternative. However, future satellite imagery based predictions require a good calibration of remote sensing 
parameters to at least 3-4 years of accurate recorded data. Once more data are available, the procedure 
described in this paper needs to be improved further. Based on Current Condition model scenario, the 
Lachlan use limit was revised upwards from 75% to 100%.  
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