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Figure 1. Geographical location of Boroujen plain and the piezometers in the study area.
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Table 1. Classification of GRI index by Mendicino et al. (2008).
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Table 2. An example of 2*2 contingency table.
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1- Contingency Table
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Figure 2. Variation of GRI index at monthly time scale in piezometer No. 6 during 1985-2015.
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Figure 3. Variation of GRI index at 3-months time scale in piezometer No. 6 during 1985- 2015.
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Figure 4. Variation of GRI index at 6-months time scale in piezometer No. 6 during 1985-2015.
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Figure 5. Variation of GRI index at 12-months time scale in piezometer No. 6 during 1985-2015.
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Figure 6. Delineation map of GRI index at a) monthly time scale ended to March 2015, b) 3-months time scale
ended to May 2015, ¢) 6-months time scale ended to April 2015 and d) 12-months time scale ended to April 2015.
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Table 3. Matix of transition probability of first order Marcov chain for GRI index at 1, 3, 6 and 12 months

time scales in Boroujen plain (1985-2015).

nd md od sd ed (Scale) L
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Table 4. Equilibrium probabilty matrix for GRI index at 1, 3, 6 and 12 months time scales in Boroujen plain

(1985-2015).

nd md od sd ed (Scale) L
0.6658 0.1267 0.0647 0.1024 0.0404 (1-month) «als )
0.6612 0.1301 0.0623 0.1192 0.0271 (3-months) 4sls ¥
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0.6667 0.1220 0.0732 0.1220 0.0163 (12-months) ols 1 ¥
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Table 5. Probabity of occuring expected wetnes periods by first order Marcov chain model in Boroujen plain.
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Table 6. Average of expected wetness periods duration in Boroujen plain.
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Table 7. Contingenct table of predictions by First, second and third Marcov chain model and GRI index.

(Observed) sl slaliv

(Yes) b (No) .=
GRI-1 GRI-3 GRI-1 GRI-3 S e o i 45 o
GRI-6 GRI-12 GRI-6 GRI-12 (Order of Marcov chain)
7 5 5 5
(Yes) 4L
7 1 0 0
Vs
(First order)
0 0
(No) =
0 0 0 0
5 3 6 6
(Yes) 4L
‘1) %\ 6 - 0 -
(3
5 Vs,
L
3 E (Second order)
= 0 0 0 0
(No) =
0 - 0 -
4 3 6 5
(Yes) 4L
5 - 0 -
Voad
(Third order)
0 0 0 0
(No) =
0 - 0 -

VY Jgde slasl 3l edd awslons FAR 5 POD (CSI palis —A J g
Table 8. The calculated values of CSI, POD and FAR from values presented in Table 7.

(First order) \ 45 o Sl o33 (Second order) Y as o S, o iy (Third order) ¥ as o S )le o 3

GRI1 GRI3 GRI1 GRI3 GRI1 GRI3
GRI6 GRI12 GRI6 GRI12 GRI6 GRI12
0.58 0.50 0.45 0.33 0.40 0.38
CSI
1 1 1 - 1 -
1 1 1 1 1 1
POD
1 1 1 - 1 -
0.42 0.50 0.55 0.67 0.60 0.62
Far
0 0 0 B 0 B
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Abstract

Background and Objectives: Management of water resources, especially groundwater, is
important in arid and semi-arid regions. One of the important issues in optimum water resources
management is the prediction of drought conditions. Groundwater is considered as the main
resources of water supply for agriculture, industry and drinking uses in Boroujen plain.
Therefore, it is important to investigate the drought condition of groundwater resources in the
planning and sustainable management of these resources. So far, various methods have been
developed and used by researchers to predict various types of droughts. One of these methods is
the prediction of wetness conditions by the Markov chain. In most of the previous studies in the
field of drought prediction, the Markov chain of first and second orders have been used. In this
study, groundwater droughts in Boroujen Plain during the years 1985 to 2015 are assessed and
the wetness conditions of this plain are predicted using the third order Markov chain model.

Materials and Methods: In order to assess the groundwater droughts in the Borujen Plain, the
GRI index values were calculated on the time scales of 1, 3, 6 and 12 months. For this purpose,
the data of groundwater levels of 13 piezometric wells in Boroujen plain during a 31 year period
(1985-2015) were used. In order to predict the GRI index values in Broujen plain for the next
months, the first, second and third- order Markov chain models were used and the performance
of these models was evaluated based on contingency table method. After forming the
contingency table from the results of first, second and third- order Markov chain models, the
values of CSI, POD and FAR statistics were calculated. The CSI values for Broujen plain in the
time scales of 1, 3, 6 and 12 months for the first order Markov chain model were calculated
equal to 0.58, 0.50, 1.0 and 1.0, respectively. The CSI values for the second order Markov chain
model in the time scales of 1, 3 and 6 months were obtained equal to. 0.45, 0.33 and 1.0 and for
third order Markov chain model equal to 0.40, 0.38 and 1.0, respectively, which indicate the
medium skill of the developed method in the prediction of wetness conditions at 1 and 3 months
time scales and good skill at 6 months’ time scale. In addition, the delineation maps of GRI
index were drawn by selecting the most suitable interpolation method.

Results: The delineation map of GRI in the Broujen Plain shows that the middle parts of the
plain often experienced severe droughts. Comparing the performance of different orders of
Markov chain in predicting the wetness conditions of Boroujen plain based on CSI, POD and
FAR statistics showed that first order Markov chain method presented more accurate results

* Corresponding Author; Email: mirabbasi_r@yahoo.com
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than other models in predicting GRI values in all time scales. Therefore, it can be used to
predict the groundwater drought in Boroujen Plain.

Conclusion: The results of the GRI survey for Boroujen plain showed that during the period
under study, the drought spell of groundwater began in 2008. In general, the severe droughts
that have occurred in recent years due to reduced atmospheric precipitation, along with the
overexploitation of groundwater have caused the severe decline in groundwater levels, which
leads to degradation of groundwater quality and land subsidence in the Boroujen plain.

Keywords: Broujen aquifer, Drought prediction, GRI index, Groundwater drought, Markov
chain
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