
Introduction
California is currently suffering from an unprecedented drought.  
Water reservoirs are quickly drying up, water use is cut on a mandatory 
basis, and agricultural communities are suffering. Many accuse 
farmers of being responsible for draining the water supplies, as if they 
have not been adjusting to a changing water supply. But is that really 
the case? Although farmers are probably at least partially responsible 
for the severe drought in the state, it seems unlikely that they do 
not adapt their practices to the persisting drought. Therefore, I have 
attempted to map the changes in land use between 2012 and 2014 with 
regards to crop water intensity. Especially almond growing farmers 
have been the scapegoats of the drought, because the water intensity 
of almonds is so high: production of just 1 almond nut requires around 
4 liters of water. Kept from the public debate, but nonetheless very 
important, is the fact that there are many more foods that also require 
vast water inputs. Although requirements for almond are still in the 
upper levels, at 4800m3/t, the food is definitely not alone on the top. To 
keep the scale of this project manageable, the focus is therefore on the 
top 10 water intense crops that are grown in California. In this mapping 
exercise, the land use changes over two periods are analysed: 2012, just 
before the drought was starting to show signs, and 2014, already in a 
significant period of drought. Unfortunately crop data from 2015, the 
year in which the drought really caught a hold of Californian lives, was 
not available at the time of this analysis. The aim of creating this map 
is to identify land use change of the top 10 high water intensity crops 
(HWIC).

Methodology
Crop growth data for this analysis comes from the USDA Cropland 
Data Layer (CDL) and their respective WCS. All available data on crops 
in both 2012 and 2014 was extracted for offline processing. Boundary 
layers of all CONUS states were accessed through the accompanying 
USDA CDL WMS, but were also extracted to allow for further 
processing later on.

Water intensity data comes from the Water Footprint Network’s 
WaterStat dataset. This dataset consists of water requirements of 
hundreds of categories of FAO categorised food products, broken 
down by water type (green, blue, grey) and state/province. In this 
case the data for California was selected. Since the focus is primarily 
on the Californian drought and farming (not processing further on 
in the farm-to-fork chain), the focus is only on blue and green water; 
grey water is left out of the analysis. Because the dataset is clearly not 
intended for some sort of automated processing, the data was first 
cleaned up and prepared for processing in Open Refine. Empty fields 
were filled and data on grey water and food products for which no 
California equivalent is available, was excluded. Subsequently a Matlab 
script was written that combined blue and green water numbers 
and calculates the average water requirement of all food products 
with the same FAO code, within the prepared WaterStat dataset. The 
output of this script is a list of the 12 most water intense crops grown 
in California and their water requirements, sorted in a descending 
order (scale 1 to 10, 1: highest, 10: lowest). Initially only 10 products 
were selected, but a discrepancy between the WaterStat dataset and 
CDL required 2 more additions to the list, as 2 of the products in the 
WaterStat data were not in the CDL.

Next the resulting ranking was added to the CDL layers in ArcMap. 
A new column RANK was added to both the 2012 and 2014 layers, 
with a default value of 0 (zero). The 10 HWIC products were matched 
manually and their rank (1-10) was added to the respective column. 
Subsequently, the corresponding regions in the CDL layers were 
extracted with the Spatial Analyst (SA) > Extraction > 
Extract by Attributes tool for both years. Since crop water 
intensity ranks have just been added to RANK and everything else is 
set to 0, all non-zero values in RANK can be extracted. These layers are 
then Reclassified (SA > Reclass > Reclassify) to 1 (wherever 
there is data) and 0 (wherever there is no data), to make a logical raster 
of where the top 10 crops are grown. Then a logical comparison is 
made between both newly created layers to generate a raster with the 
crop changes. For example, SA > Math > Logical > Lower Than 
is used to create a map with the crop area that is lost from the selection 
between 2012 and 2014. Since the used rasters only consist of 0 and 1 
values, this is an appropriate method to assess the land use change. A 
change from 1 to 0 (observed by Lower Than) means that previously 
land was used by the HWIC, but not anymore. These comparisons are 

made to generate raster maps of both the losses and additions of lands 
to the most water intense crops.

In order to assess the farmers’ response to different levels of drought 
severity, the same steps have been reproduced, but only on a selection 
of the raster data within level 4 and level 3 of the drought severity 
layers of the United States Drought Monitor WMS. The raster data 
within the area of these polygons was extracted using the Data 
Management > Raster > Raster Processing > Clip tool. 

COUNT values in the Attribute tables have been used to calculate 
the baseline land use (2012) and changes in use of HWIC in the 
aforementioned areas, the results of which can be found in the Table 1.

The relevant layers have been added to the map on the right, which 
shows the 10 HWIC (red-yellow-green) and the land that was not used 
for growing these anymore since 2012 (blue). For clarity, the drought 
severity layers, state boundary layers and an OpenStreetMap basemap 
are added. Since the Albers Equal Area Conic Projection is used, the 
North arrow appears off-axis, but actually points to the true north. 
Adobe Illustrator was used to tune the legend and add a ‘zoomed in’ 
area to emphasise the level of detail in the raster dataset.

Results
There is a clear net loss of area used for the HWIC between 2012 and 
2014. A total area of roughly 890 square kilometer, or 7.4% of 2012 
HWIC area, has either left agricultural use or is instead used for crops 
that are less water intensive. There also is a clear difference in the net 
loss between the area in drought severity zone 3 and 4. Zone 4, with 
a higher drought severity, has seen a reduction of HWIC land use of 
9.5%, whereas zone 3 only saw a decreasing HWIC land use of 4.5%.

Conclusion & Discussion
Contrary to what is mentioned in public debate, high water intensity 
crops have reduced in land area between 2012 and 2014, although 
maybe not as much as many would prefer. This either indicates a 
conscious effort of farmers to change to crops that have lower water 
intensities, or it could be a result of a decrease in land area suitable for 
growth of these HWIC due to the onset of the drought. In both cases, 
the overall water supply in the drought affected regions will probably 
benefit, although it is unlikely to turn the tide. Because of the nature of 
this issue and the limited scope of this analysis, the exact cause of the 
land use change cannot be identified.
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Data Sources

Table 1. Land use of top 10 High Water Intensity Crops (km2)
Total Drought Lvl 3 Drought Lvl 4

2012 12045 5474 6473

2014 11154 5227 5856

Difference between 2012 and 2014 (km2)

Lost 4475 1745 2659

Added 3584 1498 2042

Net Change -891 -247 -617

% Lost 37,2 31,9 41,1

% Added 29,8 27,4 31,5

% Change -7,4 -4,5 -9,5

Changes in high water intensity crops land use in California
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Highest Water Intensity crops
1.Sunflower (~5800m3/t)

2.Walnuts (~4900m3/t)

3.Almonds (~4800m3/t)

4.Oats (~3200m3/t)

5.Pistachios (~3000m3/t)

6.Rye (~2900m3/t)

7.Cotton (~2800m3/t)

8.Asparagus (~2200m3/t)

9.Safflower (~2100m3/t)

10.Rice (~2000m3/t)
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Based on data from: Mekonnen, M.M. and Hoekstra, A.Y. (2010) The 
green, blue and grey water footprint of crops and derived crop products,  
Value of Water Research Report Series No. 47, UNESCO-IHE, Delft, 
The Netherlands.
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Based on 2014 data from: United States Drought Monitor, National 
Drought Mitigation Center, U.S. Department of Agriculture and National 
Oceanic and Atmospheric Association.

Name Type Metadata
CropScape and 
Cropland Data 
Layer

WCS http://www.nass.usda.gov/Research_and_
Science/Cropland/metadata/meta.php

CropScape 
Boundaries

WFS http://www.nass.usda.gov/Research_and_
Science/Cropland/metadata/meta.php

US Drought 
Monitor

WMS http://droughtmonitor.unl.edu/MapsAnd-
Data/Metadata.aspx
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