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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO ACCOMPLISH 
OBJECTIVES: 
 

Background  

Agricultural land use and land use change are widely recognized as a key driver of the global 
environment. Monitoring changes to the agricultural landscape of the Sacramento Valley is 
critically important for understanding and managing food production, environmental 
conservation, and water resources. The objective of this research project is to understand the 
drivers of land use change patterns in the rice growing region of California. California’s 
Sacramento Valley is dependent upon agriculture and is home to 20% of the United States’ rice 
production. It is also a region which is facing rapid changes in land use caused by the 
intersection between societal and biophysical change—including the demands of a growing 
population and increasingly frequent drought conditions and lower seasonal accumulation of 
precipitation.  

In California’s rice growing region, some rice area is being converted to permanent 
crops, some being rotated with other annual crops and other land is being fallowed. Land use 
changes are driven by water demand and availability. In some years (2014 and 2015) drought 
conditions were a critical factor. In other years, late rains drove land use changes (2017). 
However, other water issues have also driven this change, including the sale of water rights in 
both drought and non-drought years, which have left significant rice acreage fallow. It is critical 
to determine the type, extent, and drivers of these land-use changes. For example, are the 
changes more permanent (i.e., rice land converted to orchard crops), or short term (i.e., annual 
crops or fallow)? Are they driven by water limiting conditions or economic changes to more 
profitable crops? Where are these changes occurring? What has been successful or beneficial for 
managing weeds, pests, or fertility? What irrigation districts or soil types are most affected? 
Finally, we aim to determine what are future predictions of land cover changes, and what are the 
consequences.  

2020 OBJECTIVES 

1. The primary objective of 2020 will be to build our own algorithms to make annual crop 
maps from year 2000 to present.  

USDA currently has publicly available maps for 2008 to 2018 (CDL), but we aim 
to do the analysis back to year 2000 and to develop higher classification 
accuracies than the CDL for the crop type categories relevant to this study. For 
these reasons, we will build our own custom maps. The six category types will 
include rice, almond, walnut, fallow, alfalfa, other annual crops, and other 
perennial crops (including pistachio). 

2. Land-use change detection and time series analysis. 
By identifying land cover types in the Sacramento Valley from year 2000 to 
present, it will be possible to identify and measure patterns of land use change. In 
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particular, we will focus on changes in rice growing acreage, incoming almond 
and walnut orchards, and rotations with annual field crops, fallow, and alfalfa. 

3. Examine the patterns of and drivers of land-use change.  
Possible variables affecting land use change may include water availability, crop 
prices, or soil type. Other climactic variables such as total precipitation, 
temperature, or wind and rain during planting season may also play a role in land 
change dynamics.  

 
SUMMARY OF 2020 RESEARCH (major accomplishments), BY OBJECTIVE: 
 
Objective 1: Build Custom Crop maps for 2000 to 2019 

Custom crop maps for the rice growing region of California were built in Google Earth 
Engine, a cloud-based computing platform for geospatial analysis. This software allows 
interpretation and computation on Landsat satellite imagery without downloading the images, 
saving computational power and memory. Landsat imagery has a resolution of 30mP

2
P (323 ftP

2
P) 

and the satellite flies over every 16 days.  

To date, we have built our custom crop maps back to year 2008 and are currently 
working on the 2000 to 2007 maps. These older maps require imagery from earlier versions of 
the Landsat archive and thus require special customization, including a cloud filtering process 
and image mosaicking process that is different from images taken by the newer Landsat 
satellites. The process of building these older crop maps is underway and should be completed 
by early spring 2021.  

We have also built a custom version of the USDA CDL (2007 to 2019) maps by clipping 
them with a field boundary data set provided by LandIQ, a private mapping company based in 
Sacramento, CA. Pixels outside of field boundaries were excluded. Within the field boundary, 
the field is reclassified as the dominant pixel type, mitigating errors where, for example, a few 
incorrect pixels are scattered across a rice field. We limited the analysis to fields where the 
dominant class was rice at least one year of the 13-year data set. Finally, we merged all of the 
(100 plus) CDL class types into dominant categories: rice, fallow, walnut, almond, alfalfa, 
annual crops, other perennial, other annual, etc.  This data set can be used to inform and/or 
motivate some of our research questions and will also be used for comparison to our custom crop 
maps. 

Objective 2: Land-use change detection and time series analysis.  

By working with our custom version of the CDL, we were able to determine the major 
land use change patterns in the rice growing region back to year 2007. By working with CDL, 
we were able to determine the major crops in California’s Central Valley and this preliminary 
analysis drives our future questioning. Furthermore, by doing preliminary analysis with CDL, we 
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learned that our maps should include the following classes which seem to be the major players in 
land-use change dynamics in the Sacramento valley: rice, walnut, almond, alfalfa, annual crops, 
fallow, and other perennial including pistachio. 

 

 

Figure 1. Acreage totals for the dominant class types in the study area, 2007 to 2019. Data set is 
USDA CDL land cover, improved with the LandIQ field boundaries. 

 

Figure 2. Acreage changes between rice and fallow for the 13-year data set. 

Using this improved CDL data, we have determined that rice, fallow, and annual crops are the 
dominant classes in the region. Almond and walnut acreage has increased steadily, from about 
4,000 acres to 23,000 acres for walnut and from about 2,000 acres to 6,300 acres for almond over 
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the 13-year time period. While almond acreage has increased more than threefold, it still only 
represents about 1% of the study area (Figure 1). Rice and fallow are the most frequently 
changed crop types. On average about 45,000 acres per year are converted between rice and 
fallow from 2007 to 2013. After 2013, likely due to the 2015 drought period, the average annual 
acreage in the rice/fallow rotation increased to about 115,000 acres per year (Figure 2). 
 
Objective 3: Examine the patterns and drivers of land-use change. 
 

Land change detection using the CDL data set, reclassified with LandIQ field boundaries, 
allows for analysis of the major land change patterns, including the spatial and temporal 
locations of these patterns in California’s rice growing region. 

The rate of incoming new walnut fields increases annually over the study period, and the 
majority of new walnut fields were previously fallowed, which is likely because farmers require 
one year to prepare the field for the new crop (Figure 3). However, there are also numerous 
instances where walnut fields are changed directly from a rice field, especially in 2008, 2011, 
and 2015. Spatially, there was no clear pattern for the emerging walnut fields, except that even 
the northwest region of the rice growing area, which is known for having very high percent clay 
(~60%) and high salinity, received some walnut fields in more recent years, implying that some 
farmers were willing to test the limits of what is traditionally thought of as ‘rice only’ soil.  

The rate of incoming almonds fields is highest in 2016, 2017, 2019, and 2008 (Figure 4). 
Predominantly, new almond fields come from fallow fields, likely because it requires one year to 
prepare the field before planting almonds. However, in 2008, 2011, and 2017 some fields were 
changed directly from rice to almond. In 2015 and 2016 each, about 500 acres were changed 
from annual crops to walnut. Spatially, older almond fields were planted predominantly in the 
northern part of the study area (Butte and Glenn counties), while newer almond fields were 
planted predominantly in Colusa County. 

 

Figure 3. Acreage changes to walnut (left), and the locations of new walnut fields, where each dot 
represents one field (right). 
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Figure 4. Acreage changes to almond (left), and the locations of new almond fields, where each 
dot represents one field (right). 

Annual crops to/from rice are the second most dominant change type in the study area 
(second to fallow). On average, about 17,000 acres were exchanged per year (Figure 5). While 
there was some exchange to/from rice and grasses, or rice and alfalfa, that share decreased 
throughout the study period. The majority of the rice/annual exchange was in the southern 
portion of the study area, along the Sacramento River in Colusa, Sutter, and Yolo Counties.  

 

Figure 5. Acreage changes between rice and annual crops (left), and the locations of  all annual 
types to/from rice fields (right).  
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 The increase in the fallow/rice exchange in 2014 (Figure 2) is likely the result of 2012 to 
2015 drought period, which was one of the Sacramento Valley’s most severe and prolonged 
droughts on record (Figure 6). That drought’s most severe year was 2014. In 2014, much of the 
western portion of the rice growing region, which is rarely fallowed, was changed to fallow. In 
2016, much of that region changed back to rice (Figure 7). Drought, however, may not be the only 
driver of fallow. In 2017, after a record high rainfall year, there was also a period of heavy spring 
rain during planting season. This likely prevented many rice farmers from successful field prep, 
which requires dry conditions, and is cause for the increase in fallow acreage in 2017. Spatially, 
most of the increase in  the 2017 fallow event was in the eastern portion of the rice growing area, 
while the western side was still able to plant rice (see figure caption for a detailed description). 

 

Figure 6. Statewide annual precipitation for California. Figure source: California DWR. Data 
Source: NOAA National Center for Environmental Information.  
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Figure 7. Spatial locations of exchange from rice to fallow (left) and from fallow to rice (right). 
Each dot represents one field. Butte and South-east Sutter counties had consistent rotations 
between rice and fallow throughout the study period. In 2014, much of the western region (Colusa 
and Glenn counties) changed to fallow (left figure, light orange color). In 2015 and 2016, much 
of that land came back to rice (right figure, dark orange and light purple colors). In 2017, there 
was expanded rice to fallow area in the east (left figure, dark purple color), probably from wet 
spring conditions that prevented planting. By 2018 (right figure, yellow color) this region came 
back to rice – the western region was largely immune from this fallow caused by the wet spring. 

 

PUBLICATIONS OR REPORTS:  

No reports or publications during this period. 
 

CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

Our custom crop maps are nearly finished, the 2019 to 2008 maps are complete and only 
minor work needs to be done on the 2000 to 2007 maps. We also built a preliminary data set by 
reclassifying the CDL with LandIQ field boundaries. This data set was used as a comparison to 
our custom maps, and to inform some of our research questions. Preliminary results show the 
following: 

1. Over the study period, there was 630,000 acres that produced rice in at least one of 
the study years 
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2. There is an increase in perennial crops into fields that have grown rice. During the 
study period about 30,000 acres of almond and walnut have been planted in these 
areas. The majority of this change has occurred since 2014. 

3. Rice and fallow are the dominant change types in this region and rice fields can be 
fallowed in response to both drought and in response to untimely spring rain.  

4. Rotation of rice with other field crops occurs primarily in the southern part of the 
Sacramento Valley. During the study period, the area under such crop rotations 
appears to be declining.  


	No reports or publications during this period.

