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Abstract

Watershed land use/land cover has great impacts on water
quality of rivers. The water quality of rivers can be
degraded due to changes in the land use/land
cover patterns within watersheds as human activities increase.
In this study, to determine the impacts on water quality induced
by change in land use/ land cover, the relationship between
land use and water quality variables has been examined. The
effects of land use/land cover changes were investigated in
different buffer zones varying between 30 to 120 meters with
30 m incremental intervals. Using geographic information
system (GIS) and spatial analysis, 39 watersheds were
selected within the Caspian Sea basin and then the relationship
between water quality variables and land use/ land cover
classes in abovementioned river buffer zones, were examined
by the Spearman correlation test and multiple linear
regression. Due to the fact that two or more independent
variables may affect the dependent variable, multiple
regression modeling approach was used. The results showed
that integrated land use data in intermediate areas could
provide the most reliable model for predicting chlorine (R? =
0.813) and sodium (R? = 0.77). In addition, in riparian areas
with 30 meter buffer, SAR, K, Na, Cl, pH, EC, TDS, Mg, Ca,
HCOs variables had the highest correlation coefficient with
their surrounding land use/land cover. SOas showed the best
correlation in 60 meter buffer zone.
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Table 1- Area, average slope and height of catchments in the study area
Wl allrie sl (Lades LT, g wgie Cod (o luno =) Joua

Catchment no.  Catchment Average Station Catchment no.  Catchment Average Station
Area (Km?) Catchment Height (m) Area (Km?) Catchment  Height (m)
Slope (%) Slope (%)
1 119 13.56 669 21 119 10.96 1218
2 146 15.01 200 22 33 15.06 130
3 748 9.88 2047 23 236 15.86 1003
4 131 13.85 440 24 214 14.54 221
5 57 12.52 126 25 59 25.6 2209
6 85 28.7 1910 26 404 18.2 93
7 196 9.1 2540 27 135 18.79 100
8 225 16.34 121 28 1176 133 1231
9 128 212 172 29 107 118 130
10 626 12.8 396 30 33 11.9 49
11 236 11.86 172 31 77 12,57 156
12 256 13.01 200 32 138 15.4 306
13 190 10.78 1412 33 50 9.67 30
14 204 11.25 648 34 283 13.58 579
15 562 8.98 523 35 315 14.44 954
16 153 16.2 71 36 140 9.7 248
17 92 134 42 37 302 19.2 527
18 131 11.56 20 38 330 10.25 1008
19 79 18.9 201 39 413 9.56 61
20 247 11.02 99
43 50° 51 52 53 54 55
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Fig. 1- Caspian Sea Sub-basin
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Table 2- Five-year (1378-1383) average for water quality parameters in the catchment

] GBades 3 O CadeS (S as s (AF-YA) L B (o ¥ Jguo

Water Quality Variables

9
% SAR K* Na*(ma/L) Mg?* Ca?* SOs* cr HCOz pH EC TDS

% (meg/L) (ma/L) (ma/L) (ma/L) (ma/L) (ma/L) (1 mho/cm) (mg/L)

1 0.34+0.26  0.04+0.02  0.51+0.04  0.86+0.51 5.9+0.2 0.59+0.53  0.46+0.36  3.75+1.26 7.87+0.16  506.14+0.326  331.22+117.48
2 0.37£0.05 0.04+0.01  0.53+0.08 0.89+0.1 3.1+0.2 0.8+0.54 0.4+0.08 3.78+0.39  7.92+0.08 490.94+0.422 321.6+28.68
3 0.4+0.08 0.04£0.01  0.62+0.13  2.03+0.34  2.73+0.39  1.77+0.35 0.4+0.12 3.11+0.45  7.92+0.06 554.48+74.48 362.56+49.15
4 0.36+0.08  0.05+0.02  0.65+0.14  1.76+0.2 4+1.26 2.9140.26  0.34+0.09 3.42+0.65  7.92+0.1  698.54+184.89  458.78+118.24
5 0.51+0.34  0.04+0.01  0.63+0.15 0.8+0.1 2.47+0.88 0.56+0.49 0.56+0.49 3.81+1.22  7.92+0.13 711.26+126 342.06+117.44
6 0.28+0.3 0.03+0.01  0.34+0.02 2.3+0.1 1.69+0.46  0.45+0.35 0.4+0.09 2.52+0.44  8.14+2.14  348.45+113.85 228.96+72.04
7 0.31+0.11  0.09+0.04 0.46+0.2 1.46+0.36  3.04+0.55  1.87+0.65 0.7£0.24 2.54+0.41 7.8£0.19 476.27+97.38 302.79+63.03
8 0.21+0.07  0.02+0.01  0.25+0.08  0.99+0.24  1.27+0.31  1.8+0.06  0.18+0.07 1.97+0.51 8.08+0.11  255.03+59.18 170.21+38.58
9 0.34£0.06  0.03+0.01  0.45+0.09  1.44+0.17 2.03+0.27 0.38+0.13  0.39+0.07 3.05+0.29  7.87+0.08  407.61+37.18 266.71+24.44
10 0.32+0.06  0.04+0.01  0.45+0.09 1.07+0.3 2.1+0.34 0.58+0.12 0.3+0.08 3.72+0.52 8.12+0.1 441.15+60.83 288.39+41.14
11 0.18+0.05 0.02+0.01  0.2+0.06  0.93+0.24  1.22+0.28 0.18+0.04 0.17+0.06 1.9140.49 8.08+0.11  244.83+53.42 160.78+34.66
12 0.56+0.1 0.04£0.01  0.77+0.17 1.6+0.32 2.17+0.48  0.47+0.15 0.69+0.2 3.28+0.66  7.92+0.08 471.07+84.18 308.8+54.19
13 0.25£0.06  0.02+0.01  0.24+0.06  0.8+0.19  1.08+0.24  0.2£0.04  0.17+0.05  1.64+0.4  8.23+0.12  222.78+45.84 146.85+30.67
14 0.43+0.33  0.06+0.01  0.72+0.68  2.44+0.58 3.48+1.25 1.42+1.65 0.68+0.71 4.45+0.65 7.86+0.06 683.69+213.54  447.47+139.13
15 0.52+0.08 0.05+0.01  0.78+0.13 1.95+0.33 2.55+0.48 1.04+0.54 0.5+0.11 3.7+0.51 7.94+0.08 545.55+72.29 357.42+51.15
16 0.16+0.04 0.02+0.01  0.15+0.06 0.8+0.26 1.1+0.34 0.13+0.05 0.15+0.08 1.69+0.54  8.07+0.12 215.38+63.25 141.81+41.11
17 0.45+0.07 0.04+0.01  0.62+0.12 1.7240.35 2.23+0.52 0.57+0.17 0.46+0.18 3.34+0.76 8.07+0.1 475.94+95.73 312+62.2
18 0.97+0.74  0.06+0.02  1.69+1.42  2.44+0.75 2.87+0.71 1.04+0.81  1.3+1.03  4.45+1.12 7.92+0.16 719.09+256.28  470.4+167.61
19 0.32+0.06  0.04+0.01  0.44+0.09 1.67+0.25 2.05+0.28 0.37+0.1 0.32+0.09  3.37+0.41  7.93+0.09 431.45+51.51 281.49+36.44
20 0.26+0.06  0.03+0.01 0.34+0.1 1424032 2144043 0.27+0.08 0.31+0.09 3.23+0.63 8.03+0.11 405.12+74.69 268.44+46.69
21 0.25+0.06  0.04+0.01  0.37+0.09 1.78+0.29  2.57+0.31 0.4+0.12 0.33£0.08  3.89+0.46 7.87+0.1 486.87+53.5 319.48+39
22 0.17+0.06  0.02+0.01  0.18+0.07  0.99+0.26  1.34+0.27 0.14+0.05 0.17+0.08 2.12+0.52  8.09+0.26 263.16+57.69 37.81+173.11
23 0.38£0.07  0.04+0.01  0.54+0.12  1.840.35  2.32+0.36  1.2840.31  0.36+0.11 2.92+0.41  7.9+0.09 481.37+70.81 315.16+45.36
24 0.33+0.07  0.03+0.01 0.39+0.1 1.11+0.24  1.52+0.34 0.24+0.12 0.24+0.09  2.34+0.51 7.9+0.1 305.52+64.67 200.44+41.66
25 0.5+0.09 0.06+0.02 0.87+0.01  2.19+0.82  3.66+1.51 3.19+1.8 0.83+0.26  2.58+0.62  8.06+0.12 691.14+40.83 450.52+256.44
26 0.35£0.06  0.03+0.01  0.43+0.08 1.23+0.2 1.6+0.29 0.4+0.08 0.3+0.06 2.5+0.44 7.9+0.06 342.3+52.3 225.38+35.19
27 0.22£0.08  0.03+0.01  0.26+0.11  1.24+0.28 1.62+0.42  0.19+0.1  0.23+0.11 2.6140.61 8.06+0.11  325.42+77.51 214.31+49.97
28 0.48+0.08  0.05+0.01  0.76+0.15 2.17+0.42  2.85+0.5 2.05+0.42 0.47+0.13 3.21+0.53 7.89+0.08  600.77+95.95 391.48+62.58
29 0.23+0.06 0.02+0.01  0.27+0.08 1.1+0.21 1.43+0.3 0.18+0.04  0.21+0.07 2.3+0.46 8.06+0.12 291.04+55.67 191+35.99
30 0.66+0.28  0.01+0.05 1.09+0.47  2.13+0.38 3.04+0.6 0.75+0.26  0.93+0.48 4.47+0.87  7.87+0.09 644.14+119.4 421.33+77.65
30 0.17£0.06  0.02+0.01  0.21+0.09  1.13+0.31 1.48+0.45 0.16+0.07 0.19+0.09 2.38+0.73  8.11+0.23  295.19+82.55 193.75+53.13
32 0.32£0.07  0.04+0.01  0.49+0.14  1.93+0.59  2.6+0.81 2.15+1 0.1140.34  2.43+0.59  8.09+0.11  518.71+148.49  340.03+96.71
33 0.3+0.07 0.04+0.01  0.45+0.11 1.87+0.32 2.64+0.31 0.52+0.18 0.41+0.12 2.92+0.48 7.87+0.07 511.33+61.17 334.33+39.73
34 0.35+0.07 0.03+0.01  0.46+0.12 1.53+0.25 1.88+0.4 0.37+0.16 0.29+0.1 3.11+0.54 7.95+0.1 399.82+70.91 262.59+44.23
35 0.24+0.07 0.03+0.01  0.28+0.1 1.13+0.36  1.46+051  0.34+0.1  0.22+0.09  2.21+0.8  8.15+0.09  300.31+93.85 197+60.47
36 0.29+0.06  0.03+0.01  0.35+0.09  1.19+0.32  1.55+0.47  0.35+0.1  0.24+0.09 2.38+0.01  8.15+0.09  318.92+87.73 210.68+57.51
37 0.24+0.04  0.03+0.01  0.31+0.06  1.42+0.19  2.01+0.24 0.25+0.08 0.27+0.07 3.12+0.31  7.88+0.09 387.42+37 253.46+23.43
38 0.27£0.06  0.03+0.01  0.34+0.09  1.26+0.19 1.95+0.32 0.2440.09  0.28+0.09  2.97+0.41 7.89+0.08  372.55+50.39 243.91+32.68
39 0.21+0.08  0.03+0.01  0.26+0.12 1.23+0.3 1.65+0.39 0.18+0.1 0.24+0.11  2.59+0.69  8.06+0.15 325.24+78.46 212.47+51.48
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Table 3- Land use/land cover in riparian zone in the study catchment
axdlbe 530 SRS g ke 3ble 3 (B1,) (53,5 gy o -V g

Riparian zone  Statistics Land cover / Land use variables (%0)

BL DF F1 F2 F3 IF R1 R2 R3 RB SH ST
Max 13 3435 09528 6599 2606 9577 8807 4767 156 9.89 2631 1921

% Min 0 0 0 0 0 0 0 0 0 0 0 0
Mean 008 474 3151 2195 546 1519 1716 626 014 08 352 207

M.E 027 743 3116 191 801 2433 2516 1293 035 236 689 462

Max 142 3425 9519 6597 2626 4246 8729 4657 162 452 2679 7.39

60 Min 0 0 0 0 0 0 0 0 0 0 0 0
Mean 01 496 3376 2041 49 926 1625 597 016 026 304 095

M.E 031 768 3147 1771 75 955 2317 1186 039 088 58 215

Max 152 342 9514 6593 2639 4204 8659 4568 1.62 401 2677 7.32

%0 Min 0 0 0 0 0 0 0 0 0 0 0 0
Mean 012 461 292 2087 577 945 1832 691 019 027 357 083

M.E 036 7.69 3132 1844 784 979 24 124 043 082 628 209

Max 154 3418 8694 6294 2643 419 7394 4543 164 387 2676 725

120 Min 0 0 0 0 0 0 0 0 0 0 0 0
Mean 014 48 2719 2056 646 1007 1777 755 019 03 397 095

M.E 039 797 2975 1695 816 991 2104 1303 044 08 651 221

(IF) clel g o el (F3) S5 sl i (F2) 0gil oy sloJSir (F1) ISz 090l (sl IS « (DF) s el (BL) (Ko (535 g 9 by coge sloimej o
(ST) gsSiue gblia (SH) i 5 s ade (RB) slsg, st 5« (RB) o815 o 5o (R2) o81sie s lyo (R1) oo ilye

Bare lands (BL), Dry farming (DF), Dense forests (F1), Semi-massive forests (F2), Scattered trees (F3), Irrigated farming and
orchards (IF), Dense rangelands (R1), Semi-massive rangelands (R2), Low-density rangelands (R3), River beds (RB), Shrublands

(SH), Settelments (ST)
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Fig. 2- Land use share in study catchment
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0.01R2 - 0.434BL + 1.748

Jse Cowlua Juloi —£-Y

Comolus s jos ) 5l dibl dawgs (sla Jde Comolues o (ol
S sie 1pSle owl Hlade 1l ¢ by, (plyd b edlatnl by pie
wL» J‘bu L;\)_g gyesvs &.: PR Plf PRI Oy JJ.A 8959
pxie e 3 4w b il diih &5 ol (pSSle) L sow!
pu...u Ja..‘s.s}m )L\.o.a W d)uw wb ).uu.n )J.DLM o3 las! L
o bawgle jlaie dx)p &S (gygb 4 D Ale g jr Oy
Sl Cplas paimd L Sl e pile (2 Ol
als cpl (AMir, 2017) cusl (o950 piie ol 4 Jho 29y5

25 LSS Jae S sl juite plos (ol

==Y

o5y S5l g (FKwod —-F

2 iy ElS Glapaie o5 5y (L (g Jloy g0l @l
B omen s 0y p iy @ig 5l pSke bl
o PH Cl SO4 Na SAR sl pusio Jolis ;J CudS glaodly
O Nood gy (8l 4o )3 M Y65 0 Jboy me )]
o903 gl ol o o3liinl yo pamsl (S 90l 51 b e
b pymogpms by o oS (gl pite ol 5 ol L 3033 o
(r=-038,p< & JSi» {1 = 0.6, p < 0.01) og0l acs

Table 4- Correlation between water quality parameters and land use/land cover variables
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W.Q Variables

Land use/land cover variables

RB IF F3 F2 BL

SAR -0.506 ™" 0.33" 0.431" -0.554™ -0.411™
K* -0.519™ 0.334" -0.429" -0.654™ -0.418™
Na* -0.499™ 0.324" -0.445™ -0.586™ -0.432™
Mg? -0.485™ 0.366" -0.322" -0.578™ -0.411™
Ca?* -0.489™ 0.3217 -0.391" -0.626™ -0.421™
S04 -0.512™ 0.09 0.111 -0.678™ -0.368"

Cl -0.512™ 0.383" -0.483™ -0.683™ -0.33"
HCO3" 0.445™ 0.119 -0.431" -0.387" -0.429™
pH 0.212 0.141 -0.57" -0.42" -0.446™
EC -0.495™ 0.372" -0.384" -0.588™ -0.436™
TDS -0.495™ 0.367" -0.375" -0.593™ -0.436™

* Correlation is significant at the 0.01 level (2-tailed)

*Correlation is significant at the 0.05 level (2-tailed)
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Table 5- Results of the multi-regression between water quality and land use
O j o (63335 9 Ol CudS (o AW oawy5 5 (Gl de gl -0 Joua

Variables Statistics Riparian width (m)
Dependent Independent SE R VIF p
SAR Cons. 0.238 0.693 0.000 30
F2 0.002 2.091
IF 0.005 1.28
SH 0.008 1.179
K Cons. 0.44 0.617 0.000 30
F2 0.0001 1.208
RL 0.00003 1.207
BL 0.016 152
R2 0.0005 1.123
Na Cons. 0.471 0.777 0.012 30
IF 0.01 1.243
SH 0.013 152
F2 -0.005 1.323
R2 -0.005 1.104
BL -0.19 1.47
Mg Cons. 1.748 0.63 0.004 30
F2 -0.013 1.325
IF 0.007 1.242
SH 0.02 1.053
R2 -0.01 1.104
BL -0.434 1.05
Ca Cons. 3.151 0.564 0.001 30
F2 -0.027 1.144
R2 -0.029 1.424
BL -0.832 1.036
F1 -0.007 1.341
SO4 Cons. 7.885 0.737 0.002 60
ST 0.01 1.705
BL 0.129 1.225
R2 0.007 1.625
R3 -0.121 1.821
F2 0.002 1.89
DF 0.004 1.492
cl Cons. 0.365 0.814 0.000 30
IF 0.008 1.272
F2 -0.003 1.524
R2 -0.006 1.014
R1 0.003 1.265
BL -0.157 1.054
HCO3 Cons. 1.279 0.73 0.000 30
IF 0.037 1.576
F1 0.02 2.295
SH 0.067 1.175
DF 0.044 1.492
R1 0.012 2.205
pH Cons. 7.88 0.729 0.006 30
IF 0.007 1.545
F1 0.002 1.175
SH -0.125 1.595
DF 0.143 1.05
RL 0.005 1.06
EC Cons. 523.468 0.572 0.011 30
F2 -4.021 1.323
IF 2.151 1.241
BL -151.99 1.023
R2 -3.495 1.104
TDS Cons. 324.661 0.653 0.001 30
F2 -2.621 1.323
IF 1.542 1.243
SH 3.889 1.052
R2 -2.162 1.104
BL -82.226 1.047
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Fig. 3- Observed vs model predicted water quality parameters
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Table 6- Model performance measures
I iyl ] (sBdouw pdlie dmolone -5 Joua

W.Q. Model Performance Measures
Variable CE PI A r RMSE
SAR 0.533 0.846 0.785 0.832 0.105
K 0.645 0.00 0.865 0.647 0.406
Na 0.776 0.00 0.898 0.881 0.138
Mg 0.627 0.00 0.836 0.792 0.272
Ca 0563 0.00 0.814 0.750 0.467
S04 0589 0.00 0.876 0.758 7584
cl 0.809 0.00 0919 0.902 0.105
HCOs 0.725 0.00 0.866 0.852 0.392
oH 0.725 0.00 0.885 0.852 0.055
EC 0570 0.00 0.806 0.756 9.5
DS 0.651 0.00 0.849 0.807 53

Table 7- Sensitivity analysis of slopes of land use variable in regression models
w5 ) B0 Sl Jalod )3 (w0 o (52)8 S i cowd -V Jgoa

W.Q. Land use Slope W.Q. Land use Slope
Variables Variables Variables Variables
SAR SH 0.05

F2 0.04 IF 0.16

K R2 0.005 Cl R2 -0.071
BL -0.003 R1 0.068

F2 0.0009 F2 -0.065

R1 0.0007 BL -0.042

Na IF 0.2 HCO3 IF 0.742
BL -0.19 F1 0.625

F2 -0.089 SH 0.379

SH 0.073 DF 0.327

R2 -0.058 R1 0.274

Mg F2 -0.232 pH R2 0.082

IF 0.14 R3 -0.043

BL -0.117 BL 0.038

R2 -0.117 DF 0.037

SH 0.113 F2 0.035

Ca F2 -0.482 EC F2 -0.718
R2 -0.339 IF 0.431

BL -0.224 BL -0.411

F1 -0.219 R2 -0.41

SOq4 R2 0.083 TDS F2 -0.468
R3 -0.046 IF 0.31

BL 0.039 R2 -0.253

F2 0.035 BL -0.222

DF 0.031 SH 0.221

ST 0.021
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