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ABSTRACT:  
The major goal of the Tulare Land Cover Classification System (TLCCS) is to develop a 
consistent set of land-cover maps, spanning the period 1986 into the future. Using 
ArcGIS Model Builder, Tulare County has generated a detailed time series of land-cover 
maps by blending data from several sources. These maps will be used to monitor changes 
in land cover in a rural county experiencing rapid urban growth in the San Joaquin 
Valley. The TLCCS has been organized to maximize integration with other classification 
systems, such as those used by California's Farmland Monitoring and Mapping Program 
(FMMP), the California Department of Water Resources (DWR), and the United States 
Geological Survey's National Land Cover Database of 1992. The maps of the TLCCS are 
generated by blending information from these sources as well as the GIS PARCELS 
layer, which includes the Assessor's USE code for all parcels in the county. 
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Report Summary:  

 
Tulare County GIS has developed a consistent set of land cover maps, spanning the 
period 1986 (earliest Farmland Monitoring and Mapping Program (FMMP map) to 
the present. Intended uses for these maps include:  
• To monitor changes in land cover, over time and space, in order to measure the 'rate of 

change' (and to determine how much the 'rate of change' varies, over time and space);  
• To monitor changes in land cover, over time and space, in order to measure the loss of 

farmland to urbanization and to other sources;  
• To monitor changes in land cover for consistency with Master Plan policies;  
• To provide a reliable source of data for estimating the number of dwelling units 

within any specified district for any specified year after 1986;  
• To provide a reliable source of data for estimating the consumption of water (by 

urbanized development -or- by agriculture) within any specified district for any 
specified year after 1986;  

• To provide a reliable source of data that can be used by various urban development 
simulation packages.  

 
Tulare Land Cover Classification System (TLCCS) was created in order to maximize 
comparability with other classification systems, such as those used by California's 
Farmland Monitoring and Mapping Program (FMMP), the California Department of 
Water Resources (DWR), and the United States Geological Survey's National Land 
Cover Database of 1992. The maps of the TLCCS are generated by blending 
information from these sources as well as County Assessor's PARCELS, which 
includes the Assessor's [use] code for all parcels in the county. 
 
GIS has successfully developed GIS tools which generate a time series (1986 – 2004) 
of detailed land cover maps covering the whole county.  These tools could easily be 
adapted to generate time series of land cover maps for any county that has similar GIS 
data available (certainly every county in the San Joaquin Valley). 
 
Two types of future activity are envisioned: 
• Make the TLCCS and GIS model available to other counties and to universities in order 

that it may be subjected to critical peer review to identify potential flaws and 
enhancements. 

• Apply the data of this time series to actual tasks, such as preparing TCAG’s UPlan 
Land Use Model, preparing data to update TCAG’s transportation model, and other 
specific monitoring tasks. 



The ‘Big Picture’ 

 
Tulare County (and the whole of the San Joaquin Valley) is expected to receive pressure to 
rapidly urbanize now that coastal California seems to be ‘filled out’  Urbanization in the San 
Joaquin Valley is subject to many constraints: 
• Limits on the availability of water for urban users 
• Air Quality concerns 
• A need to preserve to agricultural lands (the richest, most productive soils/climate in the 

nation) 
• A strong desire to preserve the rural/small town way of life 
 
In order to provide timely and useful information to the county’s Policy/Decision makers,  TCAG 
requested GIS to develop the spatial data and analysis tools that would allow TCAG and county 
planners to monitor the location and extent of land use changes through out the county in order 
to: 
• Monitor changes in land cover, over time and space, in order to measure the 'rate of change' 

(and to determine how much the 'rate of change' varies, over time and space);  
• Monitor changes in land cover, over time and space, in order to measure the loss of farmland 

to urbanization and to other sources;  
• Monitor changes in land cover for consistency with Master Plan policies;  
• Provide a reliable source of data for estimating the number of dwelling units within any 

specified district for specified year after 1986;  
• Provide a reliable source of data for estimating the consumption of water (by urbanized 

development -or- by agriculture) within any specified district for specified year after 1986;  
• Provide a consistent source of data that can be used by various urban development simulation 

packages. 



 Past Effort (2001 - 2002) 
Effort was focused on generating a time series of land use maps from Assessor’s USE code from 
a quarterly series of PARCEL themes, using ArcView 3.x (Avenue Programming Language) 
 
The lessons learned from this effort were: 
• ArcView 3.x (Avenue Programming Language) was not suitable for a sustained 

modeling/development effort. 
• GIS PARCELS yields too short a time series (no data prior to 1998) to be useful for many 

applications.  (Rule of Thumb is that for every two years of past data, you can project one 
year into the future with some degree of confidence.) 

• Assessor’s USE code is good data for recently developed, taxable, small parcels that have 
only one USE.  For parcels that do not satisfy these four conditions, the data is less reliable. 

• It is not practical to do an analysis of change on a time series of polygons.   
• The Land Use Classification used by GIS was ‘ad hoc’ and ‘intuitively obvious’:  Residential, 

Commercial, Industrial, Perennial Ag, Annual Ag, Grazing, Natural, and Other.  Too much 
fell into the ‘other’ category. 

 
Current Effort (2005 - 2006) 
Each of the deficiencies of the earlier effort has been addressed: 
• ArcView 9.x has significantly improved tools for a sustained modeling/development effort 

(the Geoprocessing Model Builder and the Python programming language) 
• Of the available data sources, FMMP maps provide the greatest time span (biannual, since 

1986).  FMMP maps contain systemic ambiguities that can only be resolved by using other 
data sources. 

  



• Rather than relying on a single data source, several data sources were used:  USGS digital 
elevation models (DEMs), USGS National Land Cover Data of 1992, California Department 
of Water Resources (DWR 1993 & 1999), California Monitoring and Mapping Program  
(biannual FMMP 1986 thru 2004), and Tulare County PARCELS (1998 to present).  Each 
data source, depending on its original purpose, maps some data very well and other data less 
well.  By compiling a map from several sources, it should be possible to obtain results that 
are better than any of the original sources. 

• In order to compare/combine data from different sources, they need to be converted to a 
common format (GRID/pixel data rather than polygon/vector data) and a common map 
projection (California State Plane, Zone IV, NAD’83) 

• In order to compare/combine data with different classification categories, it is necessary to 
convert the data to a common classification system.  The Tulare Land Cover Classification 
System (TLCCS) was developed for that purpose. 

 
A set of geoprocessing models has been created to convert the source data into a consistent time 
series of land cover maps spanning the period 1986 through 2004.  (The 2006 FMMP map will 
not be available till 2008+/-.)  This time series of TLCCS maps comes in two flavors: 
• The Basic Time Series is generated from public data sources (FMMP, DWR, and USGS-

NLCD).  These geoprocessing models could easily be modified to generate a “Basic Time 
Series” for any county in California that has FMMP maps;  

• The Detailed Time Series modifies the “Basic Set” with additional information blended in 
from Tulare County PARCELS data. 

 
Planned Future Efforts 
Subject the TLCCS Time Series to critical peer review:   
• The counties participating in the Caltrans Blueprint Project for combining Land Use and 

Transportation planning in the San Joaquin Valley would benefit from having a consistent 
time series of Land Cover maps generated by applying their county-specific data to the 
Geoprocessing models developed by Tulare County GIS.  (The Basic Time Series of TLCCS 
maps can be generated for any county in California that has FMMP and DWR maps 
(certainly every county in the San Joaquin Valley).)   

• There are many efforts to develop urban growth simulation models at universities. (The 
UPlan model from UC-Davis, the SLEUTH model from UC-Santa Barbara, and the 
UrbanSIM model from the University of Washington to name a few.)  A major limitation on 
the development of such models is the huge effort required to assemble the land use data 
required to test such models.  If Tulare County were to release to certain universities the data 
set and Geoprocessing models needed to develop the TLCCS time series of maps, it is likely 
that the TLCCS and models would receive critical review and suggestions for improvement. 

• All data and geoprocessing models will be available on the County’s GIS FTP site. 
 

Extend the modeling effort: 
• By Aug’06, a draft geoprocessing model of development attractors and repulsors will be 

prepared.  (This is information required by the UPlan model.  The geoprocessing model 
captures the assumptions and weights assigned by GIS, and allow county planners (TCAG 
and County Wide Planning) to explore alternate ways of calculating development attractors 
and repulsors.) 

• By Sept’06, GIS will create an initial draft implementation of the UPlan Model for Tulare 
County, implementing various scenarios specified by TCAG.  GIS will provide technical 
assistance to TCAG as they explore how different policies might impact future land use 
patterns, as modeled by UPlan. 



• By Oct’06, GIS will develop tools that will allow Transportation Analysis Zones (TAZ) to be 
refreshed with information from the Time Series, the County Wide Master Plan, and UPlan 
Scenarios - providing an estimate of the area of specified land uses and the number of 
dwelling units in each TAZ, for each time period specified by TCAG. 

• By Mar’07, GIS will refresh the TLCCS time series with data through 2006, correcting any 
deficiencies that have been identified through the use of the data (this will be an annual 
process – perfection is infinite, and we are not). 

 
Land Cover Change (1986 to 2004): 

 
 
The TLCCS creates a three digit number of seventy-seven (77) different land cover codes that the 
system monitors.  This is too many distinctions to understand.  If you divide each land cover code 
by ten, the result is twenty (20) categories.  If you divide each of these land cover code by ten, the 
result is four (4) basic categories – developed lands, agricultural lands, water lands, and natural 
lands. 
   
In the eighteen years that the TLCCS monitors, the county has gained 22.59 square miles of 
confined animal corals (TLCCSn2 = 24), which is larger than the increase of all urbanized lands 
(TLCCSn1 = 1). 
Over this period, greatest land cover loss has been 167.37 square miles of field crops; the greatest 
land cover gain has been 108.49 square miles of perennial crops (orchards and vineyards).  In the 
eighteen years that TLCCS monitors, there has been a net loss of 31.76 sq. miles of Agriculture 
(TLCCSn1 = 2) and net gains of 22.20 sq. miles of developed/urbanized lands (TLCCSn1 = 1) 
AND 9.67 sq. miles of natural lands (TLCCSn1 = 4).  Most of this increase in ‘natural lands’ is a 
product of the US Bureau of Land Management’s program to acquire marginal farmland in the 



area south of Alpaugh in order to restore natural habitat and to reduce the Federal Government’s 
obligations to provide irrigation water to that area. 
 
Testing TLCCS Data: 
 

 
 
Reality Check #1:  From previous work, GIS had estimates of the number of 1400 pound bovine 
animal units in the County in 1990, 1992, 2002, and 2004.  These numbers were compared with 
the area of confined bovine animal operations for those years.  The result is that the density of 
bovine animals within corals has slightly declined since 1990.  Since environmental constraints 
have been increasing, this result seems credible. 
 
Reality Check #2:  The TLCCS records residential lands by dwelling unit density.  The number 
of dwelling units in the county in 1990 and 2000 was estimated areas of residential lands of 
different densities.  These estimates were compared to the number of dwelling units reported by 
the US Census… The GIS estimate had an error of less than 1%. 


