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Abstract 
This paper examines and evaluates the application of GIS as a tool to analyze rainfall events 
occurring on the Prairie View A&M University campus farm in southeast Texas. The study area 
is located at approximately 30.09194 degrees North , 95.98944 degrees West, and within the 
Western Gulf Coastal Plain ecoregion of Texas but within close proximity to two other 
ecoregions. A case study approach was adopted to explore the spatial variability of rainfall over a 
two year period. The objective was to explore the suitability of GIS as a tool for rainfall analysis 
to improve decision making for farm activities. The Thiessen polygons tools in ArcGIS 10 was 
used to analyze rainfall events at seven locations on the farm. The results from the case study 
highlight limitations in the rainfall data collection method. The limitations include the times 
chosen for data collection and the suitability of the data for spatial analysis. However, the results 
show that GIS is a suitable tool for the analysis of rainfall data, and point to its potential for the 
creation of spatial models for planting of crops based on rainfall patterns. The thiessen polygons 
outlined the areas of influence of the rain gauges as they relate to land uses.  
 
1 Introduction 
Rainfall distribution in the U.S. has regional, seasonal and annual variations. Understanding the 
amount of precipitation and its distribution across the landscape is therefore critical to making 
decisions in farming. Giridhar and Viswandah (2008) mentioned that rainfall is one of the critical 
factors when planning agricultural programs such as crop and water management, erosion 
control, and flood control. In order to plan efficient programs, it is necessary to understand 
rainfall patterns and the spatial distribution of rainfall across the landscape (Earls & Dixon, 
2007).  
 
2 Background 
One of the influences on spatial variability in rainfall is the ecoregion in which the areas are 
located. Ecoregions are areas which share similar ecosystems and have similar type, quality and 
quantity of environmental resources (Griffith & Omernik, 2009). According to Griffith and 
Omernik, an ecoregion is “designed to serve as a spatial framework for the research, assessment, 
management and monitoring of ecosystems and ecosystem components”. Griffith and Omernik 
observed that phenomena which explain ecosystems include: geology, vegetation, soils, 
physiography, climate, wildlife, land-use and hydrology. They describe a roman numerical 
hierarchical system that categorizes the variations of these phenomena between ecosystems. The 
U.S. EPA website describes the following four levels of ecoregions: 

 Level I - the coarsest level which divides North America into 15 regions 
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 Level II - divides North America into 52 regions 
 Level III - divides the continental U.S. into 104 ecoregions and the conterminous U.S. 

into 84 ecoregions and  
 Level IV - constitutes further divisions of Level III ecoregions 

 
According to the EPA website, precipitation varies among these ecoregions. As mentioned, 
understanding precipitation is critical to planning agricultural programs. Researchers have 
successfully used Geographical Information Systems (GIS) to analyze rainfall data, thereby 
improving decision making. A GIS uses a combination of hardware and database driven 
computer software that utilizes spatial location information in order to collect, store, analyze, 
manipulate and present geographic data digitally (Abbas, Srivastava, Tiwari & Ramadu, 2008). 
Taher and Aishaikh (1998) found that GIS facilitated the analysis of the relationships between 
rainfall and factors such as elevation, mountain orientation and slope, wind direction, and the 
distance between the moisture source and the equator. Fiedler (2003) demonstrated how thiessen 
polygons and isohyetal maps can be utilized to determine station weights for real-time 
hydrologic modeling. GIS can therefore be a useful tool when planning farm operations.  
 
This research utilized a case study approach on an area covering approximately 2.3 square miles 
(1480.32 acres). The overall goal of the research was to explore the suitability of GIS as a tool 
for rainfall analysis to improve decision making for planting crops and conducting other 
agricultural activities.  The specific objective was to evaluate the use of thiessen polygons to 
identify areas of influence by analyzing rainfall point data collected on a farm. The data was 
collected at seven (7) points located across the study area. The study period was from December 
2004 to November 2006. 
 
3 Study Site 
The study was conducted on a farm of approximately 988 acre (1.54 square miles) located on the 
campus of Prairie View A&M University, Prairie View Texas in Waller County (Figure 1). The 
farm is located within ecoregion 34, the Western Gulf Coastal Plain of Texas (Griffith & 
Omernik, 2009). More specifically, it is located in the Northern Humid Gulf Coastal Prairies 
(34a) sub-ecoregion. It is in close proximity to ecoregion #33, the East Central Texas Plains to 
the north (approximately 2.2 miles) and approximately 8.3 miles from #35 the South Central 
Plains to the north east. The topography of the Western Gulf Coast Plain is typically flat ((Texas 
Forest Service, 2011). Other characteristics for the ecoregion mentioned by Griffith & Omernik 
(2009) include:  
 

 Mainly grassland 
 High percentage of cropland - rice, grain sorghum, cotton and soybeans 
 Few clusters of oaks 
 Rangeland and pasture 
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 Urban and industrial land uses and  
 Fine textured soils - clay, clay loam and sandy clay loam 
 Annual precipitation ranges from 23 inches in the south-west to 56 inches in the north-

east (Texas Forest Service, 2011) 
 Elevation ranges from around sea level along the Gulf Coast to approximately 400ft. 

above sea level (Texas Forest Service, 2011) 
 
Consistent with the ecoregion characteristics, the study site is relatively flat. Elevation ranges 
from 269.8ft. above sea level at the lowest point in the north western corner to 282.1ft. above sea 
level at the south western corner. In addition to seasonal wetlands and ponds, the farm lands are 
utilized for the following land uses (Figure 2): 

 Hay 
 Beef cow pasture 
 Goat pasture 
 Corn 
 Vegetable garden and 
 Grass plot 

 

 
Figure 1. Study site. 
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Figure 2. Farm land uses (October 2010). 
 
3.1 Methodology 
The thiessen (voronoi) polygon method was chosen to determine the areas of influence of the 
precipitation point data which was collected. A thiessen map was created for the seven rain 
gauge stations using ArcMap 10.0 (Figure 3). The thiessen polygon is a proximity analysis tool 
within ArcMap that converts input coverage points into output coverage thiessen proximal 
polygons (ArcGIS 10.0 Help). In a thiessen network, any point within a given polygon will be 
closer to the associated rain gauge than to any other rain gauge (Schwab, Fangmeier, Elliot and 
Frevert, 1995). Consequently, each polygon with its associated rain gauge was considered as a 
sub-area. Thiessen polygons can be used to model areas of influence surrounding points (Lynch 
and Schulze, 1995). The area for each polygon was calculated in order to determine the amount 
of land being influenced by each rain gauge (Table 1) and identify the existing land uses 
associated with the rain gauges. The data from the rain gauges were used to compute seasonal 
rainfall totals across each polygon of the study period. 
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Figure 3. Thiessen polygons of the study site 
 
Table 1 
Area of land influenced by each rain gauge and associated land use 
 

Rain gauge 
(RG) 

Acres Land use(s) 

RG1 273.13 Beef cow pasture, hay, gardens, grass plot and 
corn 

RG2 224.70 Hay 

RG3 105.39 Corn and beef cow pasture 

RG4 225.36 Hay, corn and goat pasture 

RG5 243.07 Hay and beef cow pasture 

RG6 193.89 Beef cow pasture, goat pasture and corn 

RG7 214.76 Not designated at the time of study 

 
3.2 Data Description and Processing 
Seven rain gauges were installed across the study area by Cooperative Agricultural Research 
Center (CARC), College of Agriculture & Human Sciences staff. Cumulative precipitation data 
were collected at each location at various times (as opposed to at set times) during the month and 
recorded in a Microsoft Excel spreadsheet for cleaning and further analysis. Rain gauges RG2, 
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RG3, RG4, RG5 and RG7 are located on the perimeter of the farm while RG1 and RG6 are at 
internal locations. The point data for the rain gauges was collected using a Garmin GPS 76 unit. 
In addition to latitude and longitude, the GPS unit recorded the elevation at each point. 
 
The point data from the GPS unit were downloaded to ArcGIS 10 and processed as a layer called 
rain gauges. The data from the Microsoft Excel spreadsheet was joined to the attribute table of 
the rain gauges shape file for further analysis. In addition to graphing, ArcGIS 10 tool sets that 
were used include Analysis Tools and Spatial Analyst Tools. 
 
4. Discussion and Results 
The area of influence generated by the Thiessen polygon tool extended beyond the boundaries of 
the farm and therefore encompassed some of the adjoining lands to the north, east and south of 
the study site. The area generated by the Thiessen polygon tool was 1,480.32 acres (2.33 square 
miles). Table 2 shows the number of times rainfall events were recorded at the rain gauges over 
the study period. Since the data collection was cumulative, the number of times represents total 
rainfall for the particular months. The annual mean rainfall recorded for 2005 and 2006 was 
22.07 inches and 29.07 inches respectively.  
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Table 2 
Number of rainfall events by year 

Season Date 
(Month/ Year) 

# of Times 
Recorded 

Date 
(Month/ Year) 

# of 
Times 
Recorded 

Winter 12/ 04 1 12/ 06 1 

Winter 01/ 05 1 01/ 06 1 

Winter 02/ 05 4 02/ 06 2 

Spring 03/ 05 1 03/ 06 1 

Spring 04/ 05 2 04/ 06 2 

Spring 05/ 05 1 05/ 06 2 

Summer 06/ 05 1 06/ 06 1 

Summer 07/ 05 1 07/ 06 3 

Summer 08/ 05 2 08/ 06 0 

Fall 09/ 05 0 09/ 06 3 

Fall 10/ 05 0 10/ 06 2 

Fall 11/ 05 2 11/ 06 1 

 Total 16 Total 19 

 
September 2005, October 2005, and August 2006 were the only months that did not experience 
any rainfall. Over the two years, RG4 had the highest seasonal rainfall 50% of the time (Spring 
2005, Fall 2005, Spring 2006 and Fall 2006). On the other hand, RG5 recorded the lowest 
rainfall 35.5% of the time (Spring 2005, Fall 2005 and Fall 2006). Figure 3 shows a comparison 
of seasonal rainfall over the two year period. Figure 4 shows an interpolated surface which was 
generated based on altitude at the seven rain gauges.  
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(a)  (b) 

(c)  (d)  
 
Figure 3. Comparison of seasonal rainfall in inches. a) Winter 2005 vs. 2006, b) Spring 2005 vs. 
2006, c) Summer 2005 vs. 2006, d) Fall 2005 vs. 2006 
 
 
 
 
 
 



9 
 

 
Figure 4. Interpolated surface based on altitude 
  
5. Conclusions and Recommendations 
The analysis conducted during this study confirmed that GIS is a useful tool for improving 
decision making in agricultural activities such as planting of crops and management of pasture 
lands based on analyzing precipitation patterns. It also demonstrated that GIS can be used to 
spatially represent the areas of influence for rain gauges. Recommendations based on the 
analysis include the following: 

 Further research should be undertaken to develop a GIS model for improving the 
placement of rain gauges 

 Utilize GIS for determining the suitability for planting based on precipitation patterns 
 Include soils data to conduct analysis on the moisture requirement of crops 
 Develop a systematic method for data collection at rain gauges 
 Analyze a larger dataset over a longer period in an effort to establish precipitation trends 

within the study area and  
 Conduct spatial interpolation using inverse distance weighting (IDW) in order to predict 

the impact of precipitation in areas which were not sampled. 
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