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Figure 1. Location of Southern Khorasan province, Birjand Plain and Birjand Aquifer.
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Figure 2. Inflow and outflow pathways of the Birjand aquifer.
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Figure 3. Location of the observation wells and zonation of hydraulic conductivity in the Birjand aquifer.
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Figure 4. Frequency histograms of posterior Hydraulic conductivity parameters in the 17 Zones.
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Figure 5. Box plots of posterior and prior hydraulic conductivity parameter ranges in the 17 Zones, The yellow
plots represent the prior parameter ranges and the blue plots represent the posterior parameter ranges.
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Figure 6. Frequency histograms of posterior Hydraulic conductivity parameters in the 17 Zones.
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Table 1. An example of the equifinality in MODFLOW model simulations.

MODFLOW Js g5\wtnns 53 i 3l Jool 51 (145 god = J g

T as gores V48 gazes V4o seme AL Tasgome  Vacgeme ) asgorms AL
set 3 set 2 set 1 Parameter set 3 set 2 set 1 Parameter
49.55 111.46 112.30 Ky (m day”) 2.50 8.75 5.28 K; (m day”)
24.74 10.94 36.33 K;s (m day™”) 5.06 5.86 7.55 K, (m day™)
86.73 47.96 104.65 K5 (m day”) 41.10 53.92 50.79 K; (m day”)
53.22 123.02 124.76 K7 (m day”) 119.67 427 33.47 Ky (m day™)
0.0018 0.0089 0.002 Rech; (m® day™) 20.00 66.53 78.68 Ks (m day”)
0.0114 0.0264 0.0041 Rchy (m® day™) 69.29 111.36 41.44 Ks (m day™)
0.0144 0.0080 0.0035 Rehs (m’ day™) 120.55 100.94 64.79 K; (m day™)
0.0165 0.0158 0.0251 Rehy (m’ day™) 54.05 125.27 110.31 Ks (m day™)
0.0071 0.0015 0.0002 Rchs (m® day™) 65.61 33.15 95.51 Ko (m day™)
0.0232 0.0240 0.0090 Rchs (m® day™) 89.20 98.02 82.58 Ko (m day™)
0.0148 0.0091 0.0062 Rch; (m® day™) 56.93 98.38 50.22 K, (m day”)
0.0258 0.0242 0.0208 Rchs (m® day™) 57.11 76.25 124.64 K (m day”)
0.0182 0.0215 0.0268 Rcho (m® day™) 83.83 37.63 58.45 K3 (m day”)

0.99 0.99 0.99 NS 3.46 3.46 3.46 RMSE
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Abstract

Background and Objectives: Groundwater modeling often is associated with uncertainty
caused by incomplete knowledge of the underlying system or uncertainty due to natural
variability in system processes and field conditions. Uncertainty in groundwater modeling has
been evaluated in three main sources as parameter uncertainty, conceptual uncertainty and input
uncertainty. So far, there are few studies for assessing groundwater uncertainty in the country
and quantifying uncertainty has been limited to statistical methods. Due to the importance of the
water resources in the country and the necessity of estimating the uncertainty in order to achieve
reliable results, in this study, parameter uncertainty of an arid region’s groundwater flow model
was assessed by using a Monte Carlo-based simulation technique.

Materials and Methods: First, conceptual groundwater model of Birjand plain, located in the
southern province, was developed based on collecting all available data, including topography,
observed and withdrawal wells information, recharge information, hydrodynamic properties,
surface elevation data. Then, the MATLAB-based MODFLOW model was used to simulate the
groundwater flow. After initial calibration in steady state, for assessing parameter uncertainty in
transient mode two scenarios were defined. Uncertainty analysis in the first scenario was
performed by assuming the hydraulic conductivity as one of the major contributors to the model
uncertainty. So the aquifer was divided into 17 homogenized zones according to initial
calibration results and the parameter uncertainty was assessed using GLUE. In the second
scenario, nine recharge zones were additionally considered as second parameters and their
influence on hydraulic conductivity and total uncertainty were estimated by GLUE.

Results: Posterior parameter plots of hydraulic conductivity in 17 homogeneous regions and
recharge in nine inflow pathways and also, 95% confidence intervals for the simulated water
table depth, were obtained as main results. The indices, as criteria for the comparison, were used
to quantify the goodness of uncertainty performance and the sensitive regions were specified by
implementing global sensitivity analysis of the model.

Conclusion: Results indicate up to 86% of observed data bounded in the 95% confidence
intervals that is emphatic the performance of the GLUE and the likelihood function in the
assessment of parameter uncertainty in groundwater simulation model.

Keywords: Uncertainty, Groundwater flow, Birjand plain, MODFLOW model, GLUE
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