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Figure 6.15 Well Distribution in Three of the Four Coachella Valley Subbasins 

Monthly results were generated for 2012 and 2014, and Figure 6.16 shows January 

and July for these two years with the wells used to generate these surfaces. When each of 

these four surfaces were generated, the amount of measurement records selected by the 

tool differed. This has to be kept in mind when the user analyzes these images to see 

changes in the surfaces and find possible trends, since this problem with the temporal 

data coverage influences the accuracy and consistency of the surfaces. 
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Figure 6.16 WDS Results for 2012 and 2014, for January (left) and July (right). 

The average monthly WDS for a specified time period were then generated by 

running the Water Depth Average Surfaces tool, which is variation 2 of the WDS 

generation tool. Two sets of three year average surfaces were generated as examples: 

2003 to 2005, and 2012 to 2014. The average January and July surfaces for both of these 

three year periods are shown by Figure 6.17, together with the wells used to generate the 

surfaces. By looking at these figures it is clear that the number of wells used to generate 

each of these average surfaces differ, which is due to the incomplete temporal coverage.  

To obtain the average value for each well that has measurements within this time period, 

the summed measurements were divided by the number of records used for that well.  

2012

 
 a) 2011 

2014

 
 a) 2011 

62 Measurements used  61 Measurements used  

82 Measurements used  128 Measurements used  
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Figure 6.17 Three Year Average WDS of January (left) and July (right) 

The surfaces generated by the WDS tools can be used to gain a better understanding 

of the WDS and how it changes over time. One method to utilize these surfaces is to 

calculate the difference between two surfaces to see the change over time. To illustrate 

this two years were considered: 2012, and 2014. The differences between two winter 

months, a winter and summer month, and start and end of the year were generated.  

Figure 6.18 shows the results obtained for the difference between WDS’s. These 

differences can then be examined by the user to find possible trends. 

2003 to 2005

2012 to 2014

382 

Measurements 

used 

182  

Measurements 

used 

222 

Measurements 

used 

286 

Measurements 

used 
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Figure 6.18. Differences between WDS’s 

In Figure 6.18 the purple colors indicate where January’s water depth was greater, 

and the green colors indicate where the compared month (February, July, and December) 

showed deeper levels. The user can visually compare these images to find trend over 

years or between months. For example, the difference between January and February of 

2012 and 2014 is similar, while the difference between January and December in these 

two years are very different.   

6.3.3 3-D Visualization 

To help gain a better understanding of the water depth level and how it changes over time 

a 3-D environment was used. The raster surfaces generated and the well measurements 

were visualized in a 3-D setting, which required ArcScene. A profile view was also 

created of the wells and their measurements to illustrate the rise and fall of the water 

depth.  

When the surface rasters generated were pulled into the 3-D environment, flat 

surfaces were created, due to the difference of the vertical values being too small. These 

flat surfaces were not useful for visualizing the water depth level or to illustrate the 

differences between them. To obtain better 3-D visualization the surface values had to be 

adjusted. To adjust these values they were firstly extruded by a 100. This kept the value 
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ratio the same, while producing surfaces that better represented the differences in water 

levels.  

The well data were also pulled into the 3-D setting to visualize how the wells and 

their measurements were distributed; not only on but beneath the ground surface. They 

were converted to a point feature class that contains z-values (elevation) by using the 

ArcGIS Feature to 3-D by Attribute tool. Next, they had to undergo the same adjustment 

as the surfaces to see the difference between the measurements. Figure 6.19 shows a side 

view, as seen from the east. The dark blue points are deeper beneath the ground surface 

than the yellow points. Looking at this side view, the middle of the aquifer contains more 

wells than the Salton Sea area (left of image) or the northern area (right of image). 

  
Figure 6.19 Two Side Views of all the Wells and their Measurements (1926 to 2015) 

Taking a closer look at specific wells can help determine if an area’s water level is 

stable or unstable. It can also give an indication of the relationship between the recharge 

and the discharge. Since when the recharge balances out the discharge the water depth 

should stay the same, and would be seen as stable. Figure 6.20 shows the location of the 

ground surface of well number 04S06E18P01S and 04S06E22C01S, and their 

measurements classified according to the year it was measured.  

Salton Sea 

Salton Sea 
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Figure 6.20 Closer Look at Two Wells 

For these two selected wells the water depth has not been stable, as the 

measurements taken in earlier years are closer to the ground surface than the more recent 

measurements. Figure 6.21 shows a zoomed-in image of the wells in Figure 6.20. This 

image shows the trend of these wells water depth getting deeper clearly.  

 
Figure 6.21 Close-up of Wells 04S06E18P01S and 04S06E22C01S 

Lastly, a profile view of the wells and their measurements were created. This helped 

to understand the rise and fall of the water for a specific well, or a group of wells. To 

illustrate this three wells were selected, shown by Figure 6.22.  
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Figure 6.22 Three Wells Selected for Profile View 

Figure 6.23 shows the profile view of these three wells: 03S05E17J01S, 

04S06E18P01S, and 04S06E22C01S.  

 
Figure 6.23 Depth to Water Profile 

All three of these wells show an overall increase in the depth to water, thus the water 

level is getting deeper below the ground surface. Wells 03S05E17J01S and 

04S06E18P01S started to show a decrease in the water depth, water level increasing and 

getting closer to ground surface, during their most recent measurements. This could be an 

indication of better recharge in the area.  

-70

-60

-50

-40

-30

-20

-10

0

1
9

4
8

1
9

5
7

1
9

6
1

1
9

6
2

1
9

6
4

1
9

6
6

1
9

6
8

1
9

6
9

1
9

7
0

1
9

7
2

1
9

7
4

1
9

7
5

1
9

7
6

1
9

7
8

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
8

2
0

0
0

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

2
0

1
1

2
0

1
2

2
0

1
4

Depth to Water (meters) Profile for Three Wells

04S06E22C01S 03S05E17J01S 04S06E18P01S

04S06E22C01S 

04S06E18P01S 

03S05E17J01S State Well Number 



63 

Works Cited 

Al Kuisi, M., & El-Naqa, A. (2013). GIS based spatial groundwater recharge estimation 

in the Jafr Basin, Jordan - application of wetspass models for arid regions. Revista 

Mexicana de Ciencias Geologicas, 30(1), 96–109. 

Austin, C. (2012). Agriculture in California’s Coachella Valley Maven's Photoblog. 

Retrieved March 17, 2015, from 

http://mavensphotoblog.com/2012/06/04/agriculture-in-californias-coachella-valley/ 

Craciun, A. I., & Haidu, I. (2011). Indirect estimation of soil moisture, using GIS, for 

modelling the high floods generated by rain. Applications in Apuseni Mountains 

(Doctoral dissertation). “Babeş-Bolyai” University. 

Craciun, A. I., Haidu, I., Magyasi-Saska, Z., & Imbrone, A. I. (2009). Estimation of 

Runoff Coefficient According to Soil Moisture Using GIS Techniques. Geographia 

Technica, 2, 1–10. 

CVWD. (n.d.). Water and the Coachella Valley - Coachella Valley Water District. 

Retrieved March 17, 2015, from http://www.cvwd.org/about/waterandcv.php#where 

Esri. (2013). Arc Hydro: GIS for Water Resources. Retrieved March 31, 2015, from 

http://www.esri.com/library/fliers/pdfs/archydro.pdf 

FAO. (1989). The arid environments. In Arid zone forestry: A guide for field technicians. 

Food and Agriculture Organization of the United Nations. Retrieved from 

http://www.fao.org/docrep/t0122e/t0122e03.htm 

Gajbhiye, S., & Mishra, S. K. (2012). Application of NRSC-SCS Curve Number Model 

in Runoff Estimation Using RS & GIS. IEEE-International Conference On 

Advances In Engineering, Science and Management (ICAESM), 346–352. 

Hammouri, N., & El-Naqa, A. (2007). Hydrological modeling of ungauged wadis in arid 

environments using GIS: A case study of Wadi Madoneh in Jordan. Revista 

Mexicana de Ciencias Geologicas, 24(2), 185–196. 

Hawkins, R. H., Jiang, R., Woodward, D. E., Hjelmfelt, A. T., Van Mullem, J. E., & 

Quan, Q. (2003). Runoff Curve Number Method: Examination of the Initial 

Abstraction Ratio. In World Water & Environmental Resources Congress 2003 (pp. 

1–10). American Society of Civil Engineers. http://doi.org/10.1061/40685(2003)308 

Hernadez, M., Miller, S. N., Goodrich, D. C., Goff, B. F., Kepner, W. F., Edmonds, C. 

M., & Bruce Jones, K. (2000). Modeling Runoff Response to Land Cover and 

Rainfall Spatial Variability in Semi-Arid Watersheds. Environmental Monitoring 

and Assessment, 64, 285–298. 

Hudson, N. W. (n.d.). Soil and water conservation in semi-arid areas. Retrieved March 

31, 2015, from http://www.fao.org/docrep/t0321e/t0321e-11.htm#P1259_112543 

James, I. (2014). Despite drought, steady groundwater pumping. Retrieved November 8, 

2015, from 

http://www.desertsun.com/story/news/environment/2014/12/04/coachella-valley-



64 

water-consumption-holds-steady/19877737/ 

James, I. (2015). Desert oasis collides with drought. Retrieved November 8, 2015, from 

http://www.desertsun.com/longform/news/environment/2015/04/17/desert-oasis-

collides-drought/25942225/ 

June, S. (2008). Coachella Valley Basin. Retrieved March 17, 2015, from 

http://academic.emporia.edu/schulmem/hydro/TERM 

PROJECTS/2008/June/sj571.html 

Kresic, N., & Mikszewski, A. (2013). Hydrological Conceptual Site Models. Boca Raton: 

CRC Press. 

Kumar, C. (2003). Estimation of ground water recharge using soil moisture balance 

approach. Journal of Soil and Water Conservation, Soil …, 247667, -. Retrieved 

from 

http://www.researchgate.net/publication/215973823_Estimation_of_Ground_Water_

Recharge_Using_Soil_Moisture_Balance_Approach/file/f4d6a99d527a0c5d1d780d

430aedc7d1.pdf 

Marx, J., & James, I. (2015). Farm water use comes under scrutiny. Retrieved November 

8, 2015, from 

http://www.desertsun.com/longform/news/environment/2015/04/20/farm-water-use-

comes-scrutiny/26076211/ 

Molis, A. J. (2012). Modeling Hydrologic Impacts of Land Cover Changes to the 

Keauhou Aquifer (Master's thesis). University of Redlands. Retrieved from 

http://inspire.redlands.edu/gis_gradproj/157 

Musy, A., & Higy, C. (1998). Hydrologie Appliqueé. Bucarest: H*G*A. 

NGWA. (n.d.). Unconfined or water table aquifers - National Groundwater Association. 

Retrieved September 24, 2015, from 

http://www.ngwa.org/fundamentals/hydrology/pages/unconfined-or-water-table-

aquifers.aspx 

Patten, C. (2014). Farms to Tables Around the World - Coachella Valley takes an eco-

friendly approach to growing and distributing food. Palm Springs Life. Retrieved 

from http://www.palmspringslife.com/Palm-Springs-Life/Coachella-Valley-

Vision/September-2013/Farms-to-Tables-Around-the-World/ 

Plummer, A., & Woodward, D. (1998). The origin and derivation of Ia/S in the runoff 

curve number system. International Water Resources Engineering Conference, 

1260–1265. 

Poddar, V. (2009). A Project Manager’s Perspective: The Importance of Early and 

Thorough Requirements Capture. Retrieved from 

https://books.google.com/books?id=2ECCrgEACAAJ 

Poullain, J. (2012). Estimating Storm Water Runoff. In Florida Erosion and Sediment 

Control Inspector’s Manual. PDH Online. Retrieved from 

http://www.pdhonline.org/courses/h119/stormwater runoff.pdf 



65 

Schneiderman, E. M., Steenhuis, T. S., Thongs, D. J., Easton, Z. M., Zion, M. S., Neal, 

A. L., … Todd Walter, M. (2007). Incorporating variable source area hydrology into 

a curve-number-based watershed model. Hydrological Processes, 21(25), 3420–

3430. http://doi.org/10.1002/hyp.6556 

Soil Conservation Service. (1989). Engineering Hydrology Training Series Module 104 

Study Guide. 

Stevens, M. (2014). With flush aquifer, Coachella Valley golf courses slow to conserve. 

Retrieved March 17, 2015, from http://www.latimes.com/local/california/la-me-adv-

golf-water-20141221-story.html#page=1 

Strassberg, G., Jones, N. L., & Lemon, A. (2010). Arc Hydro Groundwater Data Model 

and Tools : Overview and Use Cases. AQUA Mundi, 1(2), 101–114. 

http://doi.org/10.4409/Am-018-10-0014 

Strassberg, G., Jones, N. L., & Maidment, D. R. (2011). Arc Hydro Ground Water: GIS 

for Hydrogeology (1st ed.). Redlands: Esri Press. 

USDA NRCS. (1986). Urban Hydrology for Small Watersheds, Technical Release 55 

(2nd ed.). USDA-NRCS, Conservation Engineering Division. 

USDA NRCS. (2008). Soil Quality Indicators: Infiltration. Retrieved from 

http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053289.pdf 

USGS. (n.d.). USGS FAQs - Groundwater and Aquifers - What is the difference between 

a confined and a water-table (unconfined) aquifer? Retrieved September 24, 2015, 

from http://www.usgs.gov/faq/categories/9812/2776 

USGS. (2015). USGS Release: Groundwater Toolbox. Retrieved March 31, 2015, from 

http://www.usgs.gov/newsroom/article.asp?ID=4105&from=rss#.VRsL5vnF9G2 

Vieux, B. E. (2004). Distributed Hydrologic Models Using GIS. Norwell: Kluwer 

Academic Publishers. 

Weisheit, J. (2008). On The Colorado - Articles. Retrieved September 24, 2015, from 

http://www.onthecolorado.com/articles.cfm?mode=detail&id=1225829163240 

Zotarelli, L., & Dukes, M. (2010). Step by step calculation of the Penman-Monteith 

Evapotranspiration (FAO-56 Method). Institute of Food and Agricultural Sciences, 

1–10. Retrieved from https://edis.ifas.ufl.edu/pdffiles/AE/AE45900.pdf 





67 

Appendix A. Python script for finding PLSS 


