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Sensitivity analysis of the effect of climatic and non-climatic factors on
groundwater level fluctuations (Case study: Najafabad plain)
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Abstract

This study was conducted to investigate the main factors affecting groundwater level fluctuations in the Najafabad plain. For this analysis, the 10-year
period from 2004 to 2014 was considered and changes in temperature, precipitation, in river discharge between the beginning and end of the study
area, groundwater withdrawal and in water flow in irrigation and drainage networks, were analyzed. In order to establish the relationship between each
of the mentioned components with the changes in groundwater level in the study area, two general classifications were considered to determine the
groundwater unit hydrograph. In the first classification, a groundwater unit hydrograph was prepared for all observation wells in the study area. In the
second category, this hydrograph was prepared for observation wells around the river. Then, using multivariate regression analysis in SAS software,
the best relationship between these components with changes in groundwater level was determined. Results showed that if the changes of groundwater
unit hydrograph level are considered in the first group, changes in groundwater withdrawal with a share of 36.19%, had the maximum impact on
changes in groundwater level. After that, the changes in the river flow with a share of 28.60%, had the greatest share in groundwater fluctuations. On
the other hand, when the groundwater unit hydrograph is considered for the second group, changes in flow in the river with a share of 34.64% will
have the maximum effect on changes in groundwater level and the share of groundwater withdrawal will reach to 28.53.

Keywords: Groundwater, Multivariate Regression, Najafabad, Sensitivity Analysis.
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Figure 1. Isfahan province and najafabad study area
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Table 1. Characteristics of meteorological and hydrometric stations used in the research

Name of station Latitude Longitude Elevation from sea level (m) Type
Lenj 32722 51°32' 1672 Weather station
Falavarjan 32730' 51728 1648 Weather station
Najafabad 32735 51722 1641 Weather station
Lenj 32722 51732 1672 Hydrometric station
Musian 32°34' 51°31' 1621 Hydrometric station
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Figure 2. Thiessen polygons for wells of the first
group (A) and the second group (B)
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Figure 3. Changes in river flow at lenj and musian hydrometric stations
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Table 2. Annual water withdrawal from different groundwater resources in Najafabad plain

Water withdrawal (Million cubic meters)

Year Deep wells Semi-deep wells Qanats Springs Total
2004 316.9 457.1 20.3 0.9 795.1
2005 3233 506.9 21.8 1.0 853.0
2006 430.6 575.3 35.6 1.4 1042.9
2007 592.8 231.4 15.8 0.0 840.0
2008 509.0 188.6 79 0.0 705.5
2009 284.8 475.4 4.8 0.0 765.0
2010 248.9 472.4 43 0.0 725.6
2011 340.3 602.8 1.6 0.0 944.7
2012 270.3 487.5 1.3 0.0 759.1
2013 3139 530.7 1.8 0.6 847.1
2014 336.5 5123 1.7 0.6 856.3
Average 2004-2007 415.9 442.7 234 0.8 882.8
Average 2008-2014 329.1 467.1 33 0.2 800.5
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Figure 4. Groundwater unit-hydrograph of najafabad plain for group I (total wells in the area) and group II (wells
around the river)
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Table 3. Results of statistical analysis of regression model used to analyze the factors affecting groundwater level
changes in Najafabad plain

Group I (all wells) Group I (wells around the river)
Variable Pargmeter Standard t-value Pt Pargmeter Standard t-value P>t
estimate error estimate error
River flow 33.28 435 -2.81 0.006 42.16 6.34 -3.15 0.011
Flow in irrigation networks 24.16 5.21 241 0.018 31.33 7.12 3.15 0.024
Groundwater withdrawal -42.11 3.86 -1.01 0.031 -34.72 2.64 0.028 0.021
Temperature -2.43 16.69 5.44 0.001 -2.34 15.34 4.82 <0.001
Precipitation 14.38 3.44 6.45 0.015 11.16 4.14 7.08 0.035

Table 4. Sensitivity of regression model to changes in input variables to investigate changes in groundwater level in

Najafabad plain
Variable Group I (all wells)  Group I (wells around the river)
River flow 28.60 34.64
Flow in irrigation networks 20.76 25.74
Groundwater withdrawal 36.19 28.53
Temperature 2.09 1.92
Precipitation 12.36 9.17
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