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technology, multi—statistics, and a partial least squares regression model, the changes in land use and their impact on water quality from

2005 to 2015 were analyzed in the Hailar River, a typical grassland river in the Inner Mongolia Autonomous Region. The results showed
that significant changes in land use types occurred in the middle and upper basins, and grassland area and water area decreased sharply,
while forest area, farmland area, urban land area, and unused land area increased. Furthermore, the land use pattern presented increasing
landscape fragmentation, complexity, diversity, and a trend of decreasing aggregation, especially in the downstream catchment. The water
quality of the Hailar River improved steadily during the study period. Water quality in the middle and upper reaches met the functional
environmental requirements but deteriorated significantly downstream, where the permanganate index (CODy,) exceeded the standard
throughout the year. The partial least squares regression model revealed that the key land use indicators showing predominantly positive
relationships with water quality concentration were the cohesion index (COHE) and contagion index (CONTAG ), while the proportion of
farmland area (AGRI) and Shannon’ s diversity index (SHDI) showed negative relationships. Moreover, the most dominant pollutant
parameter, CODy,, was sensitive to land use change during the rainy season. This implies that land use change was an important factor

influencing regional non—point source pollution and one of the driving factors of organic pollution in the Hailar River, suggesting that

spatial control of regional land use should be strengthened.

Keywords:land use; landscape pattern; water quality effect; partial least squares regression model
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Figure 1 Study area and its monitoring sites
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Table 2 Land use type transfer matrix in the study area during 2005—2015

R 2005—2010 2010—2015 2005—2015
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e I T N T
Upstream  Midstream Downstream  Upstream  Midstream Downstream  Upstream  Midstream  Downstream  Net value
AGRI 421.99 80.97 13.16 -104.73 -14.34 -0.12 317.23 66.63 13.04 396.90
FOREST 172.81 83.50 17.08 78.84 -6.24 37.01 251.63 77.24 54.09 382.96
GRASS =775.89 -239.6 -555.63 32.93 19.31 -194.84 =742.97 -220.30 =750.47 -1713.74
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Note : Positive values indicate land use transfer in, and negative values indicate land use transfer out.
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Figure 3 Land use spatial pattern in different monitoring sectional watersheds
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Table 3 Cumulative percent of variance of partial least squares regression
Ay e 5k TN Z% Rainy season FZ Dry season
Year The optimal number of factors TN TP CODy, NH;—N TN TP CODy, NH;—-N
2015 4F 1 59.04 52.39 85.52 54.31 46.97 86.11 86.49 0.03 68.82
2 79.25 60.45 92.45 47.73
20104¢ 1 53.76 76.15 67.50 24.27 69.80 32.61 90.22 31.07 89.90
2 76.64 55.67 79.29 66.37
2005 4 1 69.41 57.83 46.04 71.76 27.51 33.68 64.84 47.32 65.18
2 84.65 88.08 83.38 81.85 75.28 99.18 50.43
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Figure 4 Spatial-temporal variation of river water quality
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Figure 5 Interannual variations of river water quality
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Table 4 Regression coefficients between land use variables and water quality in the wet and dry seasons of 2005, 2010, and 2015

FZE Rainy season

b 2R

52 Dry season

EA)) Year

Land use type TN TP CODy,

NH;-N TN TP COD, NH;-N

AGRI -0.091 -0.112 -0.093
FOREST
GRASS
WATER
URBAN
UNUSE
PD -0.107*
LSI -0.105
FRAC_MN -0.104*
COHE 0.133 0.110%*
CONTAG 0.120
SHDI -0.084 -0.085*
AGRI
FOREST
GRASS
WATER
URBAN
UNUSE 0.095 0.087
PD -0.086*
LSI
FRAC_MN
COHE
CONTAG
SHDI -0.129
AGRI
FOREST
GRASS
WATER
URBAN
UNUSE
PD
LSI -0.102
FRAC_MN
COHE 0.105%
CONTAG 0.091%*
SHDI -0.096*

20154

0.074

20104F

-0.117*
-0.098*
-0.084
0.086*

2005 4

0.063*

0.107%*%* 0.098

-0.162*

0.066

-0.110 -0.078
-0.142%
0.137
0.148
-0.137
-0.116* -0.127

-0.099

-0.189

—-0.104
-0.238 -0.220
0.145% 0.146
0.121%*
-0.142%
-0.147*
-0.149

0.133%* 0.151
0.110 0.232

-0.130 -0.142%

0.083*

-0.060*
-0.145 -0.164%*
-0.053
0.100%*
0.087+*

-0.092%*

0.081%*

T R EIEARHEARCT 6, 43R /RTE 0.01 P B F A, *3RIRTE 0.05 K7 B F AR

Note: The sample number for each parameter in table is 6, ** represents significant correlation at 0.01 level, * represents relatively significant

correlation at 0.05 level.
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