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Abstract

Cadastral GIS applications are the foundation for the development of GIS throughout a local 
government. To maintain the cadastral data known as the tax assessment role, the county assessor’s 
office is interested in developing a system to evaluate the value of agricultural land. One important 
factor in providing the basis for property taxes for these rural parcels is the Crop Equivalent Ratings 
(CER), which is determined by natural resources and the social characteristics of the land. When 
determining the value, more factors relating to agricultural land are considered. Each factor layer is 
overlaid by a Linear Combination Method through GIS analysis as the overlaying map technique which 
results in calculating the CER per parcel. This paper proposes the Land Suitability Model to evaluate 
agricultural land value in the tax assessment process, which includes a physical land capability analysis 
and a land development pressure analysis. It examines important implementation issues in the County 
Agricultural Land Assessment System (CALAS), especially the need for data accuracy in analyses due 
to the used data’s scale effects. Finally, the paper presents the results of an experimental implementation 
of CALAS using GIS data in an area in Blue Earth County, MN. 

I. Introduction

Cadastral GIS applications are the foundation for the development of GIS throughout local government. 
To maintain the cadastral data known as the tax assessment role, the county assessor’s office is 
interested in developing a system to evaluate the value of agricultural land. Minnesota County Assessors 
have used the Crop Equivalent Ratings (CER) as one of the important factors in providing the basis for 
property taxes of these rural affected parcels. Because the CER values are determined by the basis of 
soil quality characteristics in each property, they provide a basis for consistent and uniform valuation of 
agricultural properties. 

The CER values have become widely used. In general, they are used to reflect physical and chemical 
properties of soils and the effect of those properties on productivity for the most commonly grown crops. 
The values are intended to be used in conjunction with detailed soil surveys as a tool for evaluating the 
productivity of the soil resource. Specific practical examples are to provide an objective means for 



identifying the location and extent of the most economically productive soils, as well as to determine a 
fair purchase or rental price, planning the protection of agricultural land, indicating to farmers what can 
be gained by increasing management input, and formulating equalized assessments (Anderson et al., 
1992). The CER values reflect the net economic return per acre of soil when managed for cultivated 
crops, permanent pasture or forest, whichever provides the highest net return. The values provide a 
relative ranking on a scale 1 (lowest) to 100 (highest) ratings. 

Within local jurisdictions, the current CER-based assessment process on agricultural land considers only 
the relative quality of the soils and physical factors such as slope, erosion, climate and drainage. This 
may not be an adequate system in the valuation process on agricultural land. The system should consider 
not only the quality of soil characteristics, but also site assessment factors in each property. In order to 
evaluate the site assessment, the relationship determined between current market values of agricultural 
land in the assessment district and their CER values was considered in the valuation process (Anderson 
et al., 1992). This relationship is typically identified by analyzing the prices paid for agricultural land in 
recent sales and the CER of each property sold. After defining this general relationship between CER 
and market value, a schedule relating average CER to market value can be established and then applied 
to all agricultural lands in the jurisdiction. 

For rating the relative value of agricultural land resources, the U.S. Department of Agriculture: Natural 
Resource and Conservation Service (USDA:NRCS) developed the Land Evaluation and Site Assessment 
(LESA) system. The LESA evaluates and assesses agricultural land and its viability for farming. Land 
Evaluation (LE) involves rating and grouping soils for an agricultural use, while Site Assessment (SA) 
variables measure agricultural productivity, development pressure and compatible land use. Both LE and 
SA variables are usually represented by numeric ratings and added together to derive an overall score 
(Pease and Coughlin, 1996). The LESA system can be applied to determine agricultural land values by 
the county assessor’s office. 

The paper, therefore, proposes an assessment system, using a Land Suitability Model (LSM), to evaluate 
agricultural land in terms of the natural resources and the social characteristics of the land. Based upon 
the LESA system, the paper analyzes the land suitability based upon a physical land capability 
evaluation and a land development pressure analysis. This paper is organized as follows: The next 
section describes how to develop the County Agricultural Land Assessment System (CALAS) based 
upon a Land Suitability Model and Dasymetric Mapping, which is one of the areal interpolation 
methods. The following section presents the output from implementing the CAS system. In the fourth 
section, the identified problems in the system implementation are discussed. And, the final section 
discusses several significant substantive insights derived from this study. 

II. Methodology

In order to evaluate agricultural land value, Crop Equivalent Ratings (CER), in the tax assessment 
process, the paper develops the Land Suitability Model and uses the Dasymetric Mapping method to 



calculate a weighted average CER value for each tract of agricultural land. The following section 
describes these methods in detail. 

II-1. Land Suitability Model for Agricultural Land Assessment

Since natural resources are finite and environmental concerns increase, land use planners are beginning 
to take a "bottom-up" approach to planning (Whitley et al., 1993). That is to say that physical land 
capability, environmental considerations, ecological issues, and landscape amenities are scrutinized 
more closely. An evaluation of these issues serves as an important source of information that can be 
used by officials to help make better decisions concerning the pattern of future land use. A land use 
suitability assessment is considered such a piece of information. Results of suitability analyses can serve 
as constraints in the preparation of alternative land use plans. Such an analysis can tell us the amount of 
land available for specific activities and the relative degree of environmental impact that would occur if 
the land were developed. 

Evaluation of land suitability has been regarded as a difficult task due in part to the large number of 
criteria and the large amount of data that play a role in determining suitability. These criteria, or factors, 
may include certain physical, environmental, or socially-related phenomena. In order to arrive at a 
highly consistent and viable suitability result, it is necessary to synthesize this data into a composite 
form, from which results on maps can be generated. Historically, practical assessments of suitability 
have been limited, due in part to the inefficiency of manually integrating a set of factors into a composite 
effect. Technological advances in computerized mapping and geographic information systems (GIS) 
have recently given land use planners a more efficient and effective way of handling large amounts of 
spatial data. 

This paper analyzes the land suitability based upon physical land capability evaluation and land 
development pressure analysis as seen in Fig. 1. The physical land capability is analyzed to evaluate the 
productivity of the soil resource on the basis of the quality of soil characteristics in each property. The 
capability is measured as Crop Equivalent Ratings (CER) values. The land development pressure 
analysis for Site Assessment (SA) is conducted to evaluate current market values of agricultural land in 
the assessment district. 



 

Land Suitability Model (LSM), one of the major components of CALAS, is based on 1) a procedure for 
identifying parcels of land that have homogeneous characteristics (Hopkins, 1977), 2) a method for 
selecting relative important factors related to the planning analysis (Anjomani, 1984), 3) a method for 
combining spatial attributes to predict the suitability of land units for agricultural land use (Anjomani, 
1992), and 4) a method for generating composite agricultural land assessment results based on the land 
suitability analysis. The factors used to generate a land suitability analysis should be selected and 
considered differently based on prospective because the actual impacts of development rely on the 
natural resources and social characteristics of the area. In other words, the LSM should be developed 
differently for parcels of land that are not homogeneous as opposed to agricultural land use. Numerous 
studies considered homogeneous land as political boundary - city, county or township (Gronlund et al., 
1993; Anjomani, 1984; Dicks et al., 1991; Lyle & Wodtke, 1974). 

Since the consistent and accurate data required for the assessment analysis under consideration is a 
massive amount, very expensive or time-consuming to collect, and cannot be directly measured, 
numerous studies developed the "rating method" to assign an importance weight to each factor in 
relation to how it is perceived to affect the suitability of the site. Anjomani (1984) and Whitley (1993) 
applied Group Technique and Delphi-like Technique for including expert advice about costs and 
benefits of various land characteristics for agricultural land use type. Gordon (1981) also assigned the 
type ("utility") of ratings and weights for each by various experienced personnel. But, some studies 
assigned the same weights for each factor in order to avoid the exaggerated differences among areas 



(Bright, 1991; McHarg, 1992). In order to find feasible sites for agricultural land use by combining each 
factor's suitability maps, many models used a ratio scale numbering system in rating the factors instead 
of ordinal numbers, used in a Linear Combination Method, one of the Mathematical Combination 
Methods (Gordon, 1991; Anjomani, 1984; Lyle & Wodtke, 1971; Dicks, 1991; Bright, 1991). The linear 
combination method corrects the measurement problems of the ordinal combination method and with 
this method the land evaluation is performed through GIS analysis such as overlay, but the problem of 
handling interdependence among factors still remains. 

Land suitability evaluation, step 2, is performed in each level through multidimensional analysis of 
various factors. The relationship can be expressed as an equation in which land suitability is a function 
of several factors, depending on the linear or non-linear combination methods. In order to perform the 
computerized land evaluation through the GIS analysis, since each factor layer has been overlaid by the 
linear combination method (Hopkins, 1977: Gordon, 1981: Anjomani, 1992), the relationship between 
land suitability and factors can be represented as the following equation. 

 

II-2. Dasymetric Mapping Method

A common problem in geographical data analyses is the fact that the areal units for which data are 
available are not necessarily the ones that the analyst wants to study. This is a problem not only for 
people interested in one particular type of unit, such as an school district, an electric division or a sales 
area, but also for researchers wishing to compare data over time when boundaries of data collection 
zones are change, such as census tracks. In this study, the problem is relatively simple, but needs to be 
considered in the agricultural land value evaluation process. This problem is a fundamental one in 
geographic information systems where it is sometimes referred to as the polygon overlay problem. This 
is known as ‘areal interpolation’ (Goodchild and Lam, 1980). 



Dasymeric Mapping method is one of the areal interpolation methods, which is developed from the 
Areal Weighting method (Mennis, 2003). The areal weighting method is the standard method for areal 
interpolation stated by Markoff and Shapiro (1973). It is based on combining source zone values 
weighted according to the area of the target zone they make up. The method assumes that the variable of 
interest is evenly distributed within the source zone. In other words, The ratio of the value for a subzone 
to the value of the source zone is assumed equal to the ratio of the area of the subzone to the area of the 
source zone. This is the most reasonable assumption only if nothing is known about their distribution 
within the source zones. Frequently, analysts do have additional information about the distribution 
within the source zone, either directly or through knowledge of the distribution of other variables which 
they would expect some relationship to the variable of interest. The method being more intelligent than 
areal weighting in the sense is known as dasymetric mapping (Flowderdew and Green, 1992). 

The dasymetirc mapping is applicable where it is known that part of a zone necessarily has a zero value 
for some variable. If the variable of interest is population, for example, it usually is assumed to be zero 
for those parts of a zone covered in water, or even for those parts known to have non-residential land 
use. It is assumed to be evenly distributed within those parts of the source zone. This method uses 
ancillary information to assign a subzone to one of only two categories – either it has the value of the 
whole zone or it has the value zero. 

This dasymetric mapping method can be used for evaluating agricultural land assessment in the 
proposed county assessment system (CALAS). For instance, there is a parcel used for agricultural land, 
whose total area is 25.05 acres. As seen in Figure 2, the parcel is not used homogeneously. In other 
words, some part of the parcel (16.5 acres) is used for agriculture, called tillable land, other sections of 
the parcel (8.55 acres) would be used for something else, called non-tillable land. The non-tillable land 
includes all areas used for non-agricultural land, such as a pond, residential areas, forest, etc. When the 
average CER for the parcel is calculated, the non-tillable land is excluded. The CALAS calculates the 
average CER for a parcel in the basis on the relationship between the tillable land of the parcel and a soil 
data with CER value by soil type. The process will be discussed in the next section in detail. 



 

III. Pilot Project Implementation (Design of the CALAS)

This section demonstrates how to implement the Land Suitability Model to evaluate agricultural land 
value in the tax assessment process. Also, it describes the results of the evaluation by comparing the 
average CER values between the current Blue Earth County (MN) system analysis and the CALAS. The 
LSM includes two parts, which are physical land capability analysis and land development pressure 
analysis part. 

III-1. Physical Land Capability Analysis 

The physical land capability is analyzed to evaluate the productivity of the soil resource on the basis of 
the quality of soil characteristics in each property. The capability is measured as Crop Equivalent 
Ratings (CER) values. CER values for over 50 Minnesota counties have been computed by the 
University of Minnesota’s Department of Soil, Water and Climate using data on soil properties, climate, 
prevalent crop combinations, market value of crops and costs of production. Ratings range from 0 (low) 
to 100 (high). The relationship between CER values and factors can be represented as the following 
format. 



 

In order to keep a consistency between state data and counties, this paper uses the CER values calculated 
by a Minnesota State Agency as the results of a physical land capability analysis. More information 
regarding the evaluation can be found on a website, www.lmic.state.mn.us/chouse/cer.html. Table 1 
shows a portion of the CER table for Blue Earth County, MN. 

 

III-2. Land Development Pressure Analysis

The land development pressure analysis for Site Assessment (SA) is conducted to evaluate current 
market values of agricultural land in the assessment district. The variable ‘Site Assessment Scores’ is 
identified as a dependent variable in order to evaluate the level of development pressure on agricultural 
parcels. The SA scores have a high correlation with the market values of the parcels. Because the SA 
scores present the actual impacts of development which rely on the social characteristics of the area, the 
relationship between SA scores and social characteristics is represented as a mathematic function. 



 

The LSM for analyzing land development pressure on agricultural use parcels includes eighteen 
independent variables, which is grouped into seven factors. They are ‘Agricultural land use’, 
‘Agricultural economic viability’, ‘Land-use regulation and tax concessions’, ‘Environmental impact of 
proposed use’, ‘Compatibility with comprehensive plans’, ‘Urban infrastructure’, and ‘Public & private 
investment in rural infrastructure’. Table 2 lists all of the independent variables in detail. 

To assign an importance of weight to each variable in relation to how it is perceived to affect the 
valuation of the parcel, the Group Technique and Delphi-like Technique is used, which includes expert 
advice about costs and benefits of various land characteristics for agricultural land use types. Table 3 
presents one of the results conducted by Delaware County, OH (DCRPC, 1993). The table shows the 
important factors assigned to each variable and how to adjust the weights depending upon the 
hypothetical total maximum points. The hypothetical total maximum points are defined on the basis of 
how to combine the CER values and the SA scores in the Land Suitability Model. For example, the 
results from the LSM range zero (lowest) to 300 (highest). When the county assessors evaluate 
agricultural land, suppose that they consider that the CER value is twice as important as the SA scores, 
and the hypothetical total maximum points for SA scores is 100, while the points for CER value is 200. 
In this case, the hypothetical total maximum points for the SA score is 200, which means that the SA 
score is twice as an important factor than the CER value to determine the agricultural land value within 
Delaware County, OH. 



 

According to Table 3, the most important variable to determine the site assessment scores of agricultural 
land is the ‘Percentage of area in agricultural use within 1.0 mile’ and ‘Percentage of number of adjacent 
parcels in agriculture’ assigned 10 out of 10 points. “Impact on drainage’ and ‘Compatibility with 
county development plans’ are the following important variables. The less important variables are 
‘Distance to central water lines’ and ‘Distance to incorporated areas or service districts’ assigned 3 or 5 
out of 10 points, respectively. In order to adjust the weights assigned to each variable, the adjustment 
factor (coefficient) is calculated by the proportion of the total weight assigned points (1,250 points in 
this project) and the hypothetical total maximum points (200 points in this project). The coefficient, C = 
200 / 1250 = 0.16. 



 

III-3. Average CER of a Parcel

In order to calculate the average CER values per a parcel used for agricultural land, three data sets are 
needed.
• Parcel Map – provides ownership and geographical basis for property taxes;
• Soil Map – provides CER for all soil types;
• Common Land Unit (CLU) – provides tillable acres on a per farm basis. 

The pilot project of the CALAS is implemented for a study area in Blue Earth County, MN. The data set 
used for the implementation is drawn from a comprehensive GIS database of Blue Earth County, MN. 
The parcel data is maintained by the county’s Mapping Department, the CLU GIS data is maintained 
and updated annually by the Minnesota State Farm Service Agency, and the soil map was created by a 
Minnesota State Agency and updated by the Blue Earth County Soil Survey. 



 

Figure 4 shows how to calculate the average Crop Equivalent Ratings (CER) per a parcel of agricultural 
land use. A Dasymetric mapping method is applied to this calculation. Suppose we need to calculate the 
average of CER for Parcel A. Its total acreage is 100 acres. Based upon the dasymeric mapping method, 
we need to know how much area is used for agriculture in the parcel. The area is called ‘Tillable Land’. 
Non-tillable land includes any land used for non-agricultural, which means lakes, residential lands, 
forest area, etc. The data for the tillable land of Parcel A is drawn from Common Land Unit (CLU) GIS 
data, and is 65 acres. There are three different types of soils in the parcel, whose mapping symbols are 
62A, 94A and 96C. The CER values for 62A, 94A and 96C are 80, 93, and 70, respectively. 

 

The first step for the calculation is to overlay the soil map with the tillable land of Parcel A, in order to 
determine Zone A, B, and C. Zone A is an area which is a tillable land with 62A soil type within Parcel 
A. The areas of Zone A, B, and C are 15, 30, and 20 acres, respectively. In the next step, the average 



CER is calculated as following. Average CER for Parcel A = (15.0*80 + 30.0*93 + 20.0*70) / 65.0 = 
82.92 CER. 

Based upon this procedure, the average CER values for parcels within the study area are calculated. In 
order to verify the calculation, the results from the CALAS (called CALAS’s CER) are compared to the 
CER values (called BECounty’s CER) calculated by the current Blue Earth County system. The 
summary of the comparison is shown in Table 4. Twenty-nine parcels are examined in this comparison. 
The average difference between the CALAS’ CER and the BECounty’s CER values is 7 CER. The 
county CER values are over-calculated by 7 CER (or 10.49 percent) per parcel in average. 97 percent of 
parcels (28 out of 29 parcels) in the study area were overestimated, and 15 percent of parcels (4 out of 
29 parcels) were calculated at 20 percent higher in the current county system than in the proposed 
system. The Diff_CER is calculated in the basis on subtracting the CALAS’s CER values from 
BECounty’s CER values. 

 

IV. Identified Problems

In calculating the average CER value for a parcel using the CALAS, several problems are identified 
regarding the quality of given GIS data sets, which are related to map projections and spatial data scales. 
While most state or federal GIS data in Minnesota are geo-referenced based on the UTM (Universal 
Transverse Mercator) mapping projection, county GIS data are created based upon Minnesota County 
Coordinate System using Lambert Conformal Conic mapping projection. Each county in Minnesota has 
their own mapping projection system because each county has different parameters for NAD83 Lambert 
Conformal Conic. In this project, the parcel data (geo-referenced by Blue Earth County Coordinate 
System) needs to be converted to UTM system data. The procedure is explained in the website of 
MnDOT. The scales of source data are different from each other. The parcel data is created with 1:2,400, 
while the CLU data is generated with 1:24,000. As seen in Figure 5, the lines are lined-up each other. In 
order to understand how much it impacts on the calculation, the errors involved in the CER calculation 
are analyzed in next section. 



 

IV-1. Error Analysis

In order to do data accuracy analyses due to the used data’s scale effects, the error analyses are 
conducted in three different ways:
1. Area Difference Rate = (Parcel Area – CLU Area) / Parcel Area * 100
2. Proportion of Overlapped Area = (Parcel Area AND CLU Area) / Parcel Area * 100
3. Tillable Land Difference Rate = (CLU Tillable Land – Parcel Tillable Land) / CLU Tillable Land * 
100 

The Area Difference Rate (ADR) analyzes the difference between the areas of parcels (ex, parcel_tax_id 
= 100) defined in the ‘Parcel’ GIS data and the same parcels’ (parcel_tax_id = 100) defined in the 
‘CLU’ GIS data. The Proportion of Overlapped Area (POA) analyzes what percent of the polygons 
represent the same parcel (tax_id = 100) in two data sets and is overlapped geographically, and the 
Tillable Land Difference Rate (TLDR) represents the difference between the areas of tillable land 
defined in two data sets. Table 5 shows the summary results of these data error analyses. 



 

According to the analyses, the areas of parcels are different by ± 12.0 % between the parcels in ‘Parcel’ 
layer and the parcels in ‘CLU’ layer, statistically (with 95% confidence interval). The two parcels are 
overlapped by 80% of the areas, and the tillable lands are different by ± 10.0 %, statistically. These 
errors indicate significant problems in using the current GIS data sets for evaluating agricultural land 
values. However, it is not easy to resolve the problems in terms of GIS data consistencies. The county 
parcel data are maintained by County Land Record Department, and the CLU layer is maintained by 
Minnesota State Farm Service Agency. The CLU layer contains two GIS data sets, which are ‘Tract 
Lines’ data and ‘Field Lines’ data. The tract lines are determined on the basis of parcel ownerships, and 
the field lines represent the boundaries for tillable or non-tillable lands. Since MnFSA has the authority 
to define agricultural lands based upon the tract lines and field lines, the county agencies have to use the 
state data even though the county parcel data are more accurate in aspect of data quality. Therefore, the 
Blue Earth County Land Record Department decided to accept the errors when calculating agricultural 
land values in the tax assessment. 

V. Conclusion

Cadastral GIS applications are the foundation for the development of GIS throughout a local 
government. To maintain the cadastral data known as the tax assessment role, the county assessor’s 
office is interested in developing a system to evaluate agricultural land value. One important factor to 
provide the basis for property taxes for these rural affected parcels is the Crop Equivalent Ratings (CER) 
determined by a physical land capability analysis and a land development pressure analysis. 

The paper, therefore, proposes an assessment system, called County Agricultural Land Assessment 
System (CALAS), using a Land Suitability Model (LSM), to evaluate agricultural land in terms of the 
natural resources and the social characteristics of the land. It examines important implementation issues 
of CALAS, especially the need for data accuracy analyses due to the used data’s scale effects. Finally, 
the paper presents the results of an experimental implementation of CALAS using GIS data of an area in 
Blue Earth County, MN. 



However, this project is an on-going project, and the final goal of this project develops the County 
Agricultural Land Assessment System (CALAS) Decision Supporting System to accommodate changes 
in the parcel layer and changes within the common land unit layer to resolve the problems of data’s scale 
effects. 
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