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Spatio-temporal changes of water conservation service in the Beijing-Tianjin

sandstorm source control project area
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Abstract: Water is one of the critical restricted factors in arid and semiarid climates. Regional water cycles are a complex
eco-hydrological process, and have become a research hotspot in the context of global and increasing human activities. As
one of the important services of terrestrial ecosystems, water conservation is often defined as the interception of rainwater by
an ecosystem within certain spatial-temporal conditions, and attaches great importance to regional hydrological
improvements, regulation of water cycle, and drinking water protection. Therefore, a clear recognition of the water
conservation changes in ecological engineering areas can provide important policy references for ecological protection and
restoration measures. This paper estimated the dynamic changes of water conservation service in the Beijing-Tianjin
sandstorm source control project area, using the regional water balance model and GIS techniques, and analyzed the
influences of topographical, climatic and vegetation factors on water conservation capacity. The results indicated that the

annual rainfall increased from 224mm to 383mm in the Beijing-Tianjin sandstorm source control project area during 2000—
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2015, and annual evapotranspiration and surface runoff changed in the ranges of 243—355mm and 36—62mm,
respectively. So the water conservation service increased in the Beijing-Tianjin sandstorm source control project area during
2000—2015, the average amount of water conservation reached 1.68 billion cubic meters, with an average water
conservation capacity of 3.66mm. The water conservation capacity in the project area gradually ascended from east to west;
approximately 32.45% of the project area presented high and higher levels of water conservation capacity. Compared with
2000, 41.65% of the study area showed an improvement tendency in water conservation capacity in 2015, including
22.01% of the project area, which significantly enhanced. In addition, distinct differences in water conservation among
eight subzones were observed. The water conservation capacity in Desert Grassland Subzone clearly descended, while it was
relatively stable in Agro-pastoral Transition Zone Grassland Subzone. Therefore, the Typical Steppes Subzone provided the
largest water conservation amount of the project area, and the Yanshan Hill Mountain Water Source Protection Subzone
generated the highest water conservation capacity. The dynamic changes of water conservation service could be mainly
attributed to rainfall, temperature, and vegetation coverage in the project area. The improvements of vegetation coverage in
Hunshandake Sandy Subzone and Horqgin Sandy Subzone enhanced their water conservation capacities. In contrast, the
declining rainfall restricted the water conservation capacities in Agro-pastoral Transition Zone Grassland Zone and Shanxi
Northern Hill Mountain Subzone, showing climate and vegetation constraints in Desert Grassland Subzone lowered its water
conservation capacity. Therefore, multiple ecological restoration strategies should be implemented for different areas in water

conservation capacity.

Key Words: water conservation service; regional water balance equation; spatio-temporal change; regional difference;

Beijing-Tianjin sandstorm source control project area
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Fig.1 Altitudes and subzones in the Beijing-Tianjin sandstorm source control project area
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Table 1 Averaged coefficients of runoff and evapotranspiration in the Beijing-Tianjin sandstorm source control project area

TR FIRN T Fh A< H T il A
Land cover type Forest Shrub Meadow Farmland Wetland Sand Built-up area

AT RO

Surface runoff coefficient

ZERLIR A0

Evapotranspiration 1.3 1.2 1 1.1 1.5 0.6 0.4

adjustment coefficient

0.03 0.04 0.11 0.18 0 0.7 0.9
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Table 2 Changes of water conservation capacity in the Beijing-Tianjin sandstorm source control project area from 2000 to 2015
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Fig.4 Averaged water conservation capacity in the Beijing-Tianjin sandstorm source control project area
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Fig.5 Changed areas of water conservation capacity in the Beijing-Tianjin sandstorm source control project area
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Fig.6 Differences of water conservation service in eight subzones of the Beijing-Tianjin sandstorm source control project area
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Fig.7 Changes of the water conservation services in subzones of the Beijing-Tianjin sandstorm source control project area
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Table 3 Sensitivities of climatic factors in water conservation capacity in the Beijing-Tianjin sandstorm sourcer
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Fig.8 Relations of water conservation capacities and influence factors in the Beijing-Tianjin sandstorm source control project area
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Table 4 Effects of various factors on water conservation capacity in the Beijing-Tianjin sandstorm source region
MK KL Correlation coefficient

. S5 Climate HiJE Landform MR Land cover

R MOBCEIE  BEORIREH

Governance zone 6355 B R B i i PEH R A4

. - . Vegetation Landscape
Rainfall Temperature Altitude Slope L
coverage contagion index

FELLFr B8 1L K IR AR 0 X 0.452 0.039 0.413 0.008 0.208 0.056

Yansha.n hill mountain water source 0.613 0.429 0212

protection subzone

TR B JE Y X 0.621 0.413 0.077 0.159 0.613 0.135

Typical steppes subzone 0.663 0.217 0.636

TRV i FIE X 0.117 0.090 0.291 0.109 0.224 0.264

Greater Hinggan southern subzone 0.120 0.292 0.348

FHRILTS IR X 0.063 0.021 0.181 0.033 0.251 0.044

Horqin sandy subzone 0.072 0.209 0.265

IR TV HLE X 0.442 0.044 0.356 0.118 0.333 0.392

Hunshandakesandy subzone 0.461 0.360 0.535

bl H BB X 0.448 0.447 0.038 0.263 0.240 0.193

Shanxi northern hill mountain subzone 0.464 0.335 0.306

S T BRI X 0.295 0.279 0.149 0.029 0.376 0.311

Agro-pastoral transition zone 0.570 0.181 0,504

grassland subzone

FE B 5T X 0.084 0.417 0.018 0.019 0.285 0.029

Desert grassland subzone 0.428 0.035 0.286
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Table 5 Deviation analysis on the methods and results of this study
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