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Abstract

Countries in trans-boundary river basin have always been
competing in use of common water source. The geographical
location and the number of countries included as well as
economic performance of these countries escalate the
complexities of shared waters. Therefore, proper analysis of
the economic performance of neighboring countries will assist
future studies. In this research, Aras River between Iran,
Turkey, Armenia and Azerbaijan is chosen. First, the basin is
extracted using 30 meters cell size Digital Elevation Model in
ArcMap and then it is divided into 10 sub-basins to obtain
physiographic properties in terms of average slope, average
height and area. Using rainfall data of synoptic stations and
surface runoff of hydrometric stations, average annual stream-
flow of each sub-basin is estimated. Then, Seemingly
Unrelated Regression model as well as Panel Data regression
model are used to model the relationship between annual added
value data of agricultural sector as dependent variable on
available annual water, labor force and capital of each country.
Statistical interpretation of the results from different models,
proves that Fixed Effect model describes the relationship better
and can explain the cross sectional heterogeneity up to 73
percent in added value. Moreover, squared water coefficient
term, illustrates the nonlinear relationship between water and
added value and is statistically significant.
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ArcMap

Extracting aras river basin range and 10 sub-basins using

Extracting Iso-rainfall raster layer through the whole basin
between 2000 and 2017

-

Deriving the average annual rainfall-runoff between 2000
and 2017 using basin characteristics such as area, slope,
elevation and average annual rainfall

N

|

Estimating the relationship between agricultural added
value and other parameters like water, capital and labor
using panel regression models

N

Fig. 2- Flowchart of the research procedure
Galiod el (g, Ol gld Y UK

aog gl JS > it (5lee g 9 s ATCMBD. 38
(o JS8) 138 gl o) 1]

ArcMap ,liéle 5 5 ddgs ela)l og8) Jio aud 3l ealaiwl b
5 5 phe salag) Jold o j 00 4 oyl sl e
S25998)90 Cluogad o (W JS5) 04 (Gl 4dg>()le
Ol 52 (s yieg ) o Kius] YO (slaodls jlodlitwl b .ays 5 2l el
Slaseio oen 4 olnl sV )3 lojgu lsie b ol S
asg> buwgle (o)l g luwgie gl dawgie cand cole Sk
ag VLo 3 )5l uusilty 359150 (sl 05 sl ol yo0 csd ¥,

93,5 o )] (b it 5, 5l kil b

Armenia o ““Azerbaijan
4

P
‘“F
)

&6 Julod g gl -Y
aidlaie (55909 0n Jold iy 4y Lisu opl o pols G @ls
390y St Soww Sy Julod g adgs Jamly 35505 9 551 Jelos
ol s Jits glayially b (65,9lS" sy 03933l 5] dlal,

Sl oy 9,8 (595

adgn s Of Yl Jawily 3,915 9 )b —-Y
5 oyl oy (g JolS bld b Sty g o] VO olaws

8 Bl ol il ases US55 caslie S8y ppieen
YW Jlo B Ve Jlo 5l ale YA 0y90 G jd )b slaodls

S8 4 Ghled sl goie IDW 39 5l osliul b 5 (5 yslaes

Legend

It

50
!

=
[
~mm
-
]
-

p]
100 Kometerd
5

<<<<<<

(<)

(<)

Fig. 3- a) Synoptic stations and precipitation raster map b) 10 subdivision of Aras basin
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Table 1- ANOVA table of the nonlinear regression deriving water volume
Ol Jawiliy 355152 (B8 yod (om0 5 a2l 51 Jols ANOVA e ) Jguta

ANOVA?

Source Sum of Squares df Mean Squares
Regression 1567692.9 4 391923.2
Residual 34177.4 21 1627.4
Uncorrected Total 1601870.4 25
Corrected Total 943283.0 24

Dependent variable: Q
a. R squared = 1 - (Residual Sum of Squares) / (Corrected Sum of Squares) = .964.

Table 2- Morphological characteristics, average precipitation and estimated annual streamflow in sub-basins
adgs s 45 WY bwgio 359] (wessi g buwgie ()l ol ped 4y oo (SRS 115 (S 5ood 90 Cladeine Y Jgua

Average Annual Average Average Slope Annual Average
Sub-basin Area (km?) Precipitation Elevation g P d
(Percentage) Streamflow (BCM)
(mm) (m)

Aras-Turkey (1) 10245.7 483 2044 17.7 1.920
Akhurian —Armenia (2) 9538.7 525 1972 10.04 1.310
MW1 (3) 2916.6 253 1467 134 0.133
Kasakh-Metsamoor (4) 3754.8 328 1594 9.7 0.215
Harazdan (5) 7167.4 406 2120 13 0.866
Sarisu-Zangmar (6) 5428.9 314 1883 155 0.462
Zenuz-Gotor-Agchay (7) 9228.5 310 1769 195 0.848
Guri-Aharchay (8) 14347.7 249 1517 14.9 0.664
Arpachay (9) 2427.2 391 2007 26.8 0.494
Vrutan-Akrachay (10) 5582.3 455 1833 24.6 0.870
MW2 (11) 8619.4 370 1332 13.7 0.453
MWS3 (12) 10437.4 379 1548 31 1.181

Z =941
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Table 3- Unit root test results
JMo s o anlg E-T3) &9‘;)" ==Y Jous

Parameter (Log C)> Log(C) C? C

(Log L)?

Log(L) L?> L W2 W  Log(AV) AV

P-value 0.00 0.00 0.17 0.001 0.8

0.1 09 0.52 0.000 0.000 0.004 0.104

AV=added value; W=water; W?= squared water; L=labor; L?= squared labor; C=capital; C?= squared capital
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Table 4- SUR Model Results with Water, Squared water, labor and capital
Alo yar 9 415 (5950 i ) T 093 (495 T (gl o L SUR Juso guulis =¥ Jgua

Azerbaijan Armenia Turkey Iran
Parameter
P-Value Coef. P-Value Coef. P-Value Coef. P-Value Coef.
W 0.810 0.021 0.349 -0.174 0.341 0.115 0.772 -0.133
W2 0.920 -0.002 0.154 0.089 0.842 -0.010 0.898 0.014
Log(C) 0.084 0.224 0.018 0.511 0.254 1.650 0.000 28.88
(Log C)? 0.270 -0.106 0.246 -0.337 0.301 -0.345 0.000 -6.509
Log (L) 0.000 1.451 0.002 3.417 0.888 0.045 0.000 -5.644
Constant 0.000 -0.389 0.001 -0.288 0.153 -2.042 0.000 -32.35
R-Squared 0.97 0.91 0.78 0.76
P-Value (0.000) (0.000) (0.000) (0.000)
Table 5- SUR Model Results with Water, Squared water, labor
Sl G938 w2 5 f 093 (195 2l (5L yiio LSUR Joo gl -0 Joua
Azerbaijan Armenia Turkey Iran
Parameter
P-Value Coef. P-Value Coef. P-Value Coef. P-Value Coef.
w 0.560 0.051 0.743 -0.052 0.206 0.151 0.778 -0.173
W2 0.634 -0.012 0.355 0.050 0.636 -0.024 0.825 0.033
Log(L) 0.000 1.338 0.005 3.100 0.414 -0.193 0.000 -4,102
Log(C) 0.002 0.083 0.000 0.271 0.094 0.155 0.025 0.900
Constant 0.000 -0.362 0.001 -0.294 0.033 -0.590 0.032 -2.189
R-Squared 0.970 0.910 0.774 0.573
P-Value (0.000) (0.000) (0.000) (0.000)

VAR o o) 2 lowd (o3 3L Jlw oyl pf O pulio ol
Volume 16, No. 1, Spring 2020 (IR-WRR)
Yo



Table 6- Fixed effect and random effect model results
U ST Sl ST (B gmma Sy Jo gl —F Jgan

1) (2) 3)
parameter  Random Effect Fixed effect Random Effect Fixed effect Random Effect Fixed effect
P-Value  Coef. P-Value Coef. P-Value Coef. P-Value Coef. P-Value Coef. P-Value Coef.
w 0.012 0.348 0.000 0.403 0.018 0.300 0.000 0.402 0.045 0.247 0.001 0.358
W2 0.006  -0.118 0.000 -0.119 0.008 -0.112 0.000 -0.119 0.017 -0.099 0.001  -0.109
Log(C) 0.018 -0.261 0.000 0.386 0.022 -0.249 0.000 -0.381 0.000 -0.080 0.018 0.168
(LogC)2 0.191 0.053 0.026 -0.098 0.115 0.061 0.005 -0.106 -- -- -- --
Log(L) 0395 -0120 0741  -0.125 - - - - - - - -
Constant 0.761 0.028 0.000 -0.563 0.581 0.048 0.000 -0.522 0.805 0.021 0.000 -0.472
R-Squared 0.350 0.737 0.343 0.737 0.318 0.702
F-Statistic 0.000 0.000 0.000 0.000 0.000 0.000
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1- Syr Darya

2- Multi-Objective Distributed Constraint Optimization
Problem

3- Panel Regression Models

4- Digital Elevation Model

5- Earth Observing Data System and Information
System

6- Inverse Distance Weighting

7- Seemingly Unrelated Regression

8- Unobserved Heterogeneity

9- Fixed Effect Model

10- Random Effect Model

11- Least Squares Dummy Variable Model

12- Within-Groups Regression Model

13- Unit Root Test

14- Ordinary Least Squares Estimator

15- Within Estimator

16- Hausman Test
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