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

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. Rice is vital for the 
economic sustainability of the Sacramento Valley as well as providing critical habitat for water 
fowl. It is important to understand this change in order to understand the future projections for 
rice area in the Sacramento Valley.  

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.  

2021 OBJECTIVES 

The specific objectives we plan to address in 2021 

1. We will spend the first portion of 2021 completing our annual crops.  
2. Analyzing where land use change is occurring and why. Specifically, we will examine on 

what soil types these changes are occurring, how changes are related to water (cost of 
water during drought, water sales, irrigation districts), and the driving forces of 
economics in land use change decision making.  

a. Determining the role of soil characteristics in land use change patterns.  
Soil characteristics are likely a critical driver or limitation of certain land use 
changes. Using the SSURGO soil database provided by NRCS, we will create a 
custom data set of soil parameters for the rice growing region that will allow us 
field level analysis of the soil characteristics that could play a critical role in land 
use changes from rice to fallow, annual crop, or to perennial crop, etc. The soil 
characteristics that will be analyzed are clay content, sand content, depth to 
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hardpan, the presence of a restrictive subsurface layer, saturated hydraulic 
conductivity, and salinity. 

b. Mapping water-use changes and their relationship with land use change patterns.  
As seen from preliminary results, changes in land use (particularly to orchards or 
to fallow) tended to occur periods of severe drought (2013 to 2015) and when rice 
cannot be grown due to too much spring rainfall (April/May). This will be analyzed 
in relation to water transfers and the cost of water. 

c. Economics 
Economics is the ultimate driver of change. We have discussed the cost of water 
as one economic driver. In addition, we will analyze the economic costs and 
returns of alternative crops and how this has driven land use change.   

 
SUMMARY OF 2021 RESEARCH (major accomplishments), BY OBJECTIVE: 
 
Objective 1: Build Custom Crop maps for 2007 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 30m2 (323 ft2) 
and the satellite flies over every 16 days. Briefly, we have 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: Examine the patterns and drivers of land-use change.  

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. Furthermore, by doing preliminary 
analysis with CDL, we 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. Over the study 
period (207-2019), there were 630,000 acres that produced rice in at least one of the study years. 
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Drought as a driver 

The focus of one of our questions was on almond and walnut acreage which are the two 
most dominate crops that have replaced rice. By 2019, there was roughly 6,500 acres in almonds 
and 25,000 acres in walnut (Figure 1). Thus, about 31,500 acres that once supported rice was 
converted to an almond or walnut orchard. The majority of this change in land-use began in 2015 
and 2016. This follows several years of severe drought in which a lot of rice ground was 
fallowed. This is seen especially in 2014 and 2015 where 75,000 to 125,000 acres of rice land 
was fallowed (Figure 2). When land is fallowed, it is idle, providing an opportunity to work the 
land and possibly prepare it for another crop.  

 

 

Figure 1. Total almond and walnut acreage in the Sacramento Valley on land that had previously 
been grown to rice from 2007 through 2019. 

 

 

 



  PROJECT NO. RM-11 

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

Where are the changes occurring? 

Another area of interest is finding out where these changes are occurring. Of particular interest is 
if there are certain soils that are more suitable for conversion. Certainly, there is a lot said about 
“rice-only” soils which suggest that not many other crops can grow on rice soils. To get at this 
question, we used soil survey data (SSURGO from the NRCS) and overlaid this on the land-use 
maps with field boundaries discussed earlier.  Some examples of this data are shown in Figure 3, 
where it is clear that rice soils with a high clay content are most common in the NE (Butte county), 
and high pH soils (also often have high EC) are most common in the NW (Glenn and Colusa 
counties).  

 

Figure 3. SSURGO soils map of fields where rice had been grown at least once since 2007.  

We looked at fields that were converted to orchards vs fields that had been continuously in rice. 
For these fields, we examined a wide range of soil variables. Many soil properties helped explain 
the fields that were converted to orchards. These soil properties included clay content, Ksat 
(saturated hydraulic conductivity which is the ease at which a saturated soil transmits water), EC, 
pH, cemented layer and organic matter.  Of these properties, clay content and Ksat had the largest 
amount of influence. When we analyzed the data further, we found that soils with a Ksat of <2 
um/s and with a clay content > 40% were much more likely to stay in rice than be converted to 
orchards (Figure 4). These soils are those that one might assume to be “rice-only” as they are 
highly suitable for rice and very difficult to cultivate to any other crop than rice. 
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Figure 4. Results of an analysis indicating which soils are most likely to see a shift from rice to 
orchard crops.   

 

A final analysis was done on examining the extent of rice area in rotation with other annual crops. 
For this analysis we asked similar questions as to what might cause rotation and on what soils these 
are occurring. These results are presented in Dr. Pittelkow’s RM-13 report.  

 

Going forward 

We are not requesting further funding for this research. The student involved in this research will 
finalize his research over the next year. There is still a good amount of analysis to be done. We 
plan to publish these results and trust that those publications will provide a good indication of what 
the rice industry can expect in terms of base acreage moving forward. It will also identify when 
large changes in acreage may be anticipated.  

 

PUBLICATIONS OR REPORTS:  

Salvato, L., B. Linquist and B. Chen. 2021. Land use change in California’s rice growing region. 
Annual Rice Field Day. August 25, 2021.  
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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 

2. There is an increase in perennial crops into fields that have grown rice. During the 
study period about 31,500 acres of almond and walnut have been planted in these 
areas. This change occurred mostly in 2015 and 2016 following a severe drought 
period when many rice acres were fallowed. 

3. Soils with high clay content and low Ksat (saturated hydraulic conductivity which is 
the ease at which a saturated soil transmits water) were least likely to be converted to 
orchards. Such soils may be ones that we often refer to as “rice-only”. 


