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ABSTRACT 
 

This project looks at water use in Kansas Groundwater Management Districts (GMDs) 1, 3, and 4 (Western KS). Water use is an 

important consideration to determine the longevity of the aquifer’s water supply. The goal of the project is to understand how the 

quantity of water use is related to aquifer decline.  

1 INTRODUCTION 

 

In order to examine patterns of water use in GMDs 1, 3, and 4 this project will use data from the Division of Water Resources that 
tracks annual water use as well as data on well depth levels from the WIZARD Water Well Levels Database.  

 
2 BASELINE OR INITIAL ANALYSIS 

 

To begin this project, the students and faculty in the Kansas Data Science Consortium will work to integrate water use data and water 
depth data at different levels of geography. For instance, the data could be integrated at the county level as well as different HUC levels 

(e.g. HUC 10).  

 

Once the data is integrated, summary statistics should be prepared to show how use and well depth levels have changed over time. 

These summaries should be made both graphically and with tables.  

 
3 FINAL ANALYSIS 

 
Once the data integration and the summary statistics are complete, the final analysis of this project is to establish the relationship 
between water use and changes in well depth levels. Doing this may require incorporating additional data about precipitation 
levels to think about how much water is recharging the aquifer. An element to consider is that based on geological and other 
conditions that effect recharge rates.  
 

4 FINAL GOALS & EVALUATION 

 

The final goal of this project is to be able to establish the quantity of water use that would lead to sustainable water levels in the 

aquifer. These quantities will vary across geography in GMDs 1, 3, and 4 and the level of water use reduction that will lead to 

sustainable aquifer levels (well depth levels) will also vary with geography. A goal of this project is to provide estimates for these water 

level reductions and to document the process by which those estimates were achieved.  

 

 

 

 

 

In this project, I used Jupyter Notebook as the development environment. I utilized Python with the Pandas library for data cleaning, 
Matplotlib for data visualization, and ipywidgets to add interactive elements. Throughout my analysis, I also incorporated other helpful 
libraries as needed. This marks the beginning of my project, where I focus on exploring and analyzing the data effectively. 



 

 

 

 



 

 



While checking for null values, I discovered that the GMD column contains 17,256 missing entries, which I need to address. To help resolve 
this issue, I found a reliable dataset online from the State of Kansas, which includes information on Groundwater Management Districts 
(GMDs), county names, county codes, and other relevant details. 
 

 

 
 



Using this information, I created a dictionary (hash table) to map the missing GMD values, using the county names as reference keys for 
accurate assignment. 
 

 

 

After mapping the missing values in the GMD column, I rechecked the data and found that only 3 null values remained. Additionally, I 

identified 7 missing entries in the COUNTY_NAME and COUNTY_GEOID columns, which I decided to remove to ensure data integrity. 

 
 
 
 



Next, I reviewed my dataset again for any remaining null values, then examined the unique values in the GMD column. Since my analysis 
focuses only on districts 1, 3, and 4, I filtered the dataset to include only records where GMD is 1, 3, or 4. After that, I checked the shape of 
the dataset to see how many records remained. Finally, I removed any duplicate entries and rechecked the shape to confirm the cleanup 
was successful. 
 

 
 
Now, I will group the data by COUNTY_NAME and GMD, calculating the mean water use for each year to summarize the data at the county 
and district level. 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 



With the data now cleaned and organized, I will begin exploratory data analysis, starting by calculating the total average water 
use for each year to identify overall trends over time. 
 
 

 
 
 
Now that I'm beginning to gain some insights and a clearer understanding of the data, I'm moving forward with a more 
detailed analysis. In this step, I will filter the data by different GMDs (1, 3, 4, and all combined) and compare water use across 
various categories, including Irrigation, Municipal, Stock, Industrial, Recreational, and Total Use. This comparison will help 
highlight usage patterns across districts and water use types. 
 
 
 
 



 

 
 



 
To provide a clearer picture of regional water usage, a bar chart breaks down county-level data across the three GMDs and the 
total combined results over time, allowing for an easy comparison of usage patterns and highlighting any significant variations 
between regions and years. 
 

 



 
 

 
 
 



 
I also created a bar chart to visualize how each water use category compares across GMDs 1, 3, 4, and all combined over the 
years. To make the analysis more engaging, I implemented a play button animation, allowing users to see how water use in 
each category evolves over time. 
 
 

 



 
 
 
 
 
 
 
 



 

 
 



Next, I will begin cleaning the WIZARD dataset and performing some initial analysis. After that, I’ll follow the same process with 
the WIMAS dataset to ensure both are ready for further exploration and comparison. 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 



 

 



 
I’m creating an interactive map to explore water use and groundwater depth across Kansas. Users can select GMDs 1, 3, 4, or 
all, and switch between viewing water use by HUC10 regions or well depth data. Since the WIMAS dataset didn’t include 
GMDs, I used a spatial join with HUC10 and GMD boundaries to add that information. I did the same for the WIZARD dataset 
by converting well coordinates into a GeoDataFrame and joining it with GMDs. I also extracted the year from the date column 
to support time-based analysis.

 



 
 
 

 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 



 
 
Next, I plan to create scatter plots to explore potential correlations between general water use and well water depth. I will also 
analyze the relationship between water use in HUC10 regions and well depth, to see if increased usage corresponds with 
changes in groundwater levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 



 

 

 
 



To understand the relationship between water usage and groundwater depth, I implemented a machine learning model using 
the Random Forest Regressor algorithm. This algorithm is part of supervised learning, which means it learns from labeled 
data—in this case, it learns how various types of water use relate to recorded well depths. Since we’re predicting a continuous 
value (depth), this is specifically a regression problem. 
 
The analysis began by preparing two key datasets. One contained average annual water use by county across six categories; 
irrigation, municipal, stock, industrial, recreational, and total use. The second dataset (WIZARD) provided well depth readings 
over time, which I processed to extract the year and then calculated the average depth per county, GMD, and year. To align 
both datasets, the water use data was reshaped from a wide to a long format, and all categories were merged into a single, 
clean structure that matched with the well depth data. 
 
Once the datasets were merged, I trained a separate Random Forest model for each Groundwater Management District (GMD 
1, 3, and 4). Each model used the six water use categories to predict groundwater depth. The data was split into training and 
testing sets to ensure the model could generalize well to new data. After training, I evaluated each model using key metrics 
such as Mean Absolute Error (MAE), Root Mean Squared Error (RMSE), and R-squared (R²) to measure accuracy. 
 
Finally, I visualized the feature importance for each GMD model. These charts show which categories of water use had the 
most influence on predicting well depth. This step is valuable for identifying which types of usage are most associated with 
changes in groundwater levels, offering useful insights for water resource management in each region. 
 

 



 
 
 
 



 
 

 
 
 
 



 
To see how much each county influences groundwater depth, I used the Random Forest regression model with county names 
as the main input. For each GMD (1, 3, and 4), the model learned from the data and made predictions based only on which 
county the measurements came from. After testing the model, I measured how well it performed and created charts to show 
which counties had the biggest impact on predicting water depth over the years. 
 
 

 
 
 
 



 

 



 

 



 
In this part of the analysis, the Random Forest model was used to explore how different HUC10 regions affect groundwater 
depth across GMDs 1, 3, and 4. Each well location was matched to a HUC10 area, and the average water depth was calculated 
by region and year. The model then used the HUC10 areas as input to predict water depth for each GMD. After testing the 
model, performance was measured using MAE, RMSE, and R² scores. Finally, charts were created to show which HUC10 areas 
had the greatest impact on predicting groundwater depth, helping to identify the most influential regions within each district. 
 

 
 
 
 
 



 
 

 



 

 
 



 
Model Summary and Key Insights Across GMDs 1, 3, and 4 
 
 
Throughout this project, I used the Random Forest Regressor to understand the factors that influence groundwater depth 
across GMDs 1, 3, and 4. I tested three different approaches to see how well water depth could be predicted using different 
kinds of input: water use categories, county names, and HUC10 regions. Each model offered unique insights and helped 
highlight what matters most in understanding aquifer behavior across different areas of Kansas. 
 
In the first model, I used six types of water use (irrigation, municipal, stock, industrial, recreational, and total) to predict water 
depth. This category-based model revealed different patterns in each GMD. In GMD 1, the most important feature was 
municipal water use, followed by stock use. In GMD 3, stock water use ranked first, with municipal use again in second place. 
Meanwhile, in GMD 4, irrigation use had the strongest influence, followed by municipal use. These results show that although 
irrigation is often seen as the main driver of groundwater use, other types of water use can be more influential in certain 
districts. The feature importance graphs made it easy to see which categories had the biggest effect in each region, helping 
guide future policy toward the most impactful usage types. 
 
In the second model, I shifted focus to the counties themselves to see how much location alone could explain changes in 
groundwater depth. The model learned from county names and revealed that certain counties had a stronger influence on 
depth trends than others. In GMD 1, Greeley County had the highest impact, followed by Wichita County. In GMD 3, Haskell 
County was the most important, with Crawford County in second place. For GMD 4, Wallace County had the greatest influence 
on the model, followed by Sherman County. The bar charts of feature importance clearly highlighted which counties 
contributed the most to the model’s predictions, offering a more localized view of which areas may require closer attention for 
sustainable water use. 
 
Finally, the third model used HUC10 watershed regions as input features. By assigning each well to a HUC10 area, the model 
could evaluate water depth patterns based on geographical water flow regions rather than political boundaries. In GMD 1, the 
most important HUC10 region was 1026000304, followed by 1026000401. For GMD 3, 1104000703 ranked highest, followed 
by 1104000601. In GMD 4, the most influential regions were 1025001301 and 1025001202. The graphs visualizing the 
importance of each HUC10 region made it easier to pinpoint the most sensitive or heavily impacted areas, which could be 
essential for future groundwater planning. 
 
Together, these three models provided a well-rounded understanding of groundwater dynamics in western Kansas. By 
analyzing the issue from three different angles — water usage behavior, county influence, and hydrological regions — I was 
able to generate meaningful insights to support decisions about sustainable water management at both local and regional 
levels. 
 
 
 
 


