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Groundwater salt content change and its simulation based on machine learning

model in hinterlands of Taklimakan Desert
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2 Emergent System Lab. Graduate School of Information Science and Engineering, Ritsumeikan University, Shiga 525-8577, Japan
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Abstract; The Taklimakan Desert, in the center of the Tarim Basin, Northwest China, is near the arid center of the
Eurasian Continent. It is an ideal place for carrying out research on circulation systems of ocean-continent and continent-
continent, as well as on the environmental effects of the Tibetan Plateau uplift. Oil and natural gas resources are rich in the
desert hinterlands, where weather is extremely dry and the ecological environment is extremely frail. How to achieve
sustainable development of oil gas energy exploitation and water resources will become a key issue of rapid and sustained
energy development in the exploitation area. Since 2000, with the increase of oil and gas production, as well as construction
of ecological engineering in oil field areas, regional water use, i.e., water consumption by oil exploitation, life-service
water, and ecological engineering water has been increasing. Under this condition, the response of regional groundwater to
water-use behavior, and sustainable use of groundwater under scaled development of future oil gas energy, is a focus of
discussion in academic circles. All the water used for oil field production, living, and an ecological shelterbelt program in

the Tarim oil field was supplied by 19 local water wells. The main groundwater was from surrounding snow cover and glacier
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meltwater that leak into the groundwater system at a mountain pass, which then inflows slowly as runoff with terrain change.
There is a single chemical type of groundwater in the study area, which is mainly alkali and a strong acid ion. Groundwater
is an important resource within desert areas, for both human use and maintenance of the ecological environment. However,
little information is available on the long-term change and evolutionary trends of groundwater salt content in the region. The
aim of this study is to increase knowledge of such content and its influences there. We simulated this content, studied its
change, and evaluated the effects and applicability of machine learning models for the hinterland of Taklimakan Desert. For
these purposes, three machine learning models and an appropriate integrated model were designed to simulate the variation
of groundwater salt content. Based on statistical analysis of evaporation, precipitation, air temperature, air pressure,
groundwater level and conductivity, this paper reports some statistical features of that content and its influences. The
temporal change of content was simulated using Gaussian Process ( GP ), Gaussian Process Latent Variable Model
(GPLVM) , Back Propagation Artificial Neural Network ( BP-ANN) , and an integrated machine learning model , under the
impacts of climate change and human activities. The modeling was evaluated using root mean square error ( RMSE) and
uncentered R-squared (uncentered R*).The results show that the groundwater flow system is affected by climate change and
human activities, and groundwater level appears steady with small fluctuation in the study area. The change of groundwater
level was concordant with air pressure, and the change of air temperature was consistent with evaporation. There was an
overall uptrend of groundwater salt content. Accurate prediction can be achieved with GP, whereas GPLVM was the better
multiple regression method for a known groundwater salt content among the three models. The integrated model of GP,
GPLVM, and BP-ANN gave the best results for all observation datasets, including training and prediction data. The results
not only help clarify regional hydrologic cycle processes under extremely dry conditions, but can also provide appropriate

theoretical evidence for sustainable utilization of water resources and safe production in desert oilfields.

Key Words: groundwater salt content; gaussian process; gaussian process latent variable model ; back propagation artificial

neural network ; hinterlands of taklimakan desert
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Table 1 The Descriptive Statistics of Groundwater Salt Content and Its Influencing Factors

o BKRE R/ME W brifE 22 iR W AR5 B
Variable Maximum Minimum Mean Std dev Std error Range Coeff of variation
7&K Evaporation/nm 669.600 18.400 310.346 223.767 27.755 651.200 72.102

[ 7K Precipitation/nm 15.400 0.000 1.825 3.394 0.421 15.400 186.023
S Air temperature/°C 28.758 -14.874 11.200 13.704 1.700 43.632 122.355
SJE Air pressure/hPa 902.029 881.590 890.935 5.947 0.738 20.439 0.668
R KAL Groundwater level/m 1087.738 1086.947 1087.372 0.190 0.024 0.791 0.017

H1, 53 Conductivity/ ( ms/cm) 6.953 5.356 5.898 0.438 0.054 1.596 7.424
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K2 HWTAKEHERHEZIMEZR Pearson X5

Table 2 Pearson Correlation Coefficients matrices of Groundwater Salt Content and Its Influencing Factors

R Rk gt S Hb R KA LR
Evaporation Precipitation Air temperature Air pressure Groundwater level Conductivity
7% % & Evaporation 1.0000 0.4452 0.9639 -0.9269 -0.7229 0.0047
0.0002 <0.0001 <0.0001 <0.0001 0.9705
7= /KB Precipitation . . . —0. —=0. —=0.
[ /K i Precipitati 0.4452 1.0000 0.4073 0.4607 0.3040 0.1648
0.0002 0.0008 0.0001 0.0138 0.1897
S Air temperature 0.9639 0.4073 1.0000 -0.9244 -0.7339 -0.0173
<0.0001 0.0008 <0.0001 <0.0001 0.8911
S JE Air pressure -0.9269 -0.4607 -0.9244 1.0000 0.6569 -0.0544
<0.0001 0.0001 <0.0001 <0.0001 0.6669
1T /KA Groundwater level -0.7229 -0.3040 -0.7339 0.6569 1.0000 0.3795
<0.0001 0.0138 <0.0001 <0.0001 0.0018
% Conductivit . -0. -0. -0. . .
B 5% Conductivity 0.0047 0.1648 0.0173 0.0544 0.3795 1.0000
0.9705 0.1897 0.8911 0.6669 0.0018
PITHE EIT MR, T P 7E @ = 0.05 BEMAKF L, P > 0.05 2 FWik; N=65
T 151 AR — —= WA
5 M 7
£ 70 —o— TR GP 0 v
< N = !
%5 P RN BBUE GPLVM i |
gg £ 65 o BPATHZML BP-ANN ﬁ’? \ 5 {,ﬁgg
5 oH R -
23 o] & A b
=5 60F 8’395\35 td 1
S § H Dﬁﬁg I
S 55t %0@‘5 S*ﬂ" }
E o
S 50 F too
M 1 1 1 1 1 ‘ 1
2004-06-09  2005-06-09 2006-06-09  2007-06-09 2008-06-09 2009-06-09  2010-06-09
= 75 N !
£ ML E |
3 4| otk ER ] WA
< !
2 I
ﬁ g 6.5 £og P
.@ (:) -- jm} |
%% 60l !
=8 |
£ !
< - |
g 55 I
E |
|
é 5.0 \

2004-06-09 2005-06-09 2006-06-09 2007-06-09 2008-06-09 2009-06-09 2010-06-09
NI s} ] Observation time

B4 HEBRFIJERPHZS S5HNER
Fig.4 The Study and Predicted Results of Machine Learning Models

THAE AR, BRI RIEA B R85 T GP Ml GPLVM, T LIt T I 42 AL /R 45 | BP-ANN (% 900 K5 B #0559 T GP Al
GPLVM,

IX 3 IR REAT N R A T R 2 R Ak RE T AR T AR R S 5 RIE R B, ASEIREE R R,
X T 2] 4R R A ALK BERS (4035 T GPLVM, X TR , SR SR S BE R 15 TGP, B TR B BALRAL T GP,GPLVM
1 BP-ANN A% BEFIZ AL RE , (S H X IR B 1T S A BN BE 1, B 4 R | 25 A A5 A R RS B0 F oAl 3 Py
4 g

(D) ARSCHFFE I X IRARGe b, T /K 3 80 R 48 2 232 SR A RN 236 sh 2, T /KA A8 J 38t X Bl SR aod 22 2 B 0
ARk, R KALAR (bt R S SR WS AR A AR — B AR AN ZE kR W 2 AR L B AR — B, T X PN MK s b R s 2 i
ZE LTI R R, FAE IS S b KA AL 7R T A LA R R 2R R B R B AR e . b K S R AR (32

http ://www.ecologica.cn



18 14 Wity A BTG IR VB M oK Eh i AR A A SR 5 5881

(E 27 FAR CwiE

0.700
0.600
0.500
?mﬁ m 0.400 |
=3
= & 0300 -
® 0.200
0.100
0
T T AR A A [2E:por NI mes ey Bl
Gaussian process latent Gaussian process BP artificial neural Integrated model
variable model network
1.000 ~
0.998
5
W 0.996 L
53
52 099 L
¥
PR
- =
0.992 L
g 5
0.990
0.988
TR AR A A [2F:por NI % ey Bl
Gaussian process latent Gaussian process BP artificial neural Integrated model
variable model network

5 HIBFIEBAIREST

Fig.5 The error analysis of machine learning models

B ASMARGIE R Z T KR SR R BT,

(2) i ad i T 7K b am S R PR 2R A LA 2 S B RL YL B, DI B R 2 3] SE DL 465 T LR 25 40T R 1. GP BEA X F
R K Er b 2 G TR S 4T s GPLVM BERUXT T 2L AN T /K S b 2 24 T, 5 5 A IRE B R #6472 70 [BUE 2 87 R i 47
M GP . GPLVM 71 BP-ANN 3 PRI L SR PR T 3 PRI TS5 R, PL Ak T AU B iz ke oy, JOAE 4Rl R Xt
F R ML R P, TR SR S HE R R M TR L, RIELT

References :

[ 1] Mjolsness E, DeCoste D. Machine learning for science: state of the art and future prospects. Science, 2001, 293(5537) ; 2051-2055.

[ 2] Coulibaly P, Anctil F, Aravena R, Bobée B. Artificial neural network modeling of water table depth fluctuations. Water Resources Research,
2001, 37(4) . 885-896.

[ 3] Daliakopoulos I N, Coulibaly P, Tsanis I K. Groundwater level forecasting using artificial neural networks. Journal of Hydrology, 2005, 309(1/4) .
229-240.

[ 4] Coulibaly P, Anctil F, Bobee B. Multivariate reservoir inflow forecasting using temporal neural networks. Journal of Hydrologic Engineering, 2001,
6(5): 367-376.

[ 5] Coulibaly P, Bobée B, Anctil F. Improving extreme hydrologic events forecasting using a new criterion for artificial neural network selection.
Hydrological Processes, 2001, 15(8) : 1533-1536.

[ 6] SongS B, Cai H]J. Artificial neural network model for assessing the sustainable utilization of regional water resources. Transactions of the Chinese
Society of Agricultural Engineering, 2004, 20(6) : 89-92.

[7] HuTS, Yuan P, Din J. Applications of artificial neural network to hydrology and water resources. Advances in Water Science, 1995, 5(1) .
76-82.

[ 81 Govindaraju R S, Rao A R. Artificial Neural Networks in Hydrology. Dordrecht: Kluwer Academic Publishers, 2000.

[ 9] Rasmussen C E. Gaussian Processes for Machine Learning. Cambridge: The MIT Press, 2006.

[10] Wang X M, Gao X B, Li J. A new classification algorithm based on gaussian process latent variable model. Chinese Journal of Computers, 2012, 35

(12): 2661-2667.

http : //www.ecologica.cn



5882 JAE = 3%

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

Liu H L, Taniguchi T. Human-robot interaction based on Gaussian process latent variable model. Proceedings of the 57th Annual Conference of the
Institute of Systems, Control and Information Engineering. Kobe: The Institute of Systems, Control and Information Engineers, 2013 CD-111-2.
Zhang H, Wu J W, Zheng Q H, Yu Y J. A preliminary study of oasis evolution in the Tarim Basin, Xinjiang, China. Journal of Arid
Environments, 2003, 55(3) : 545-553.

Fan J L, Xu X W, Lei J Q, Zhao J F, Li S Y, Wang HF, Zhang ] G, Zhou H W. The temporal and spatial fluctuation of the groundwater level
along the Tarim Desert Highway. Chinese Science Bulletin, 2008, 53(2) . 53-62.

LeiJQ, LiSY, JinZZ, Fan J L, Wang HF, Fan D D, Zhou H W, Gu F, Qiu Y Z, Xu B. Comprehensive eco-environmental effects of the
shelter-forest ecological engineering along the Tarim Desert Highway. Chinese Science Bulletin, 2008, 53(S2) . 190-202.

Jiao P X. Formation and distribution of groundwater and its conditions for development and utilization in Taklimakan desert. Groundwater, 1995, 17
(3):97-101.

Fan J L, Xu X W, Lei J Q, Zhao J F, Wang L H. Measuring the velocity and direction of groundwater along Tarim Desert Highway. Geotechnical
Investigation & Surveying, 2009, 37(8) . 51-55.

Lawrence N D, Platt J C, Jordan M I. Extensions of the informative vector machine // Winkler J, Niranjan M, Lawrence N, eds. Deterministic and
Statistical Methods in Machine Learning. Berlin Heidelberg: Springer, 2005 56-87.

Rumelhart D E, Hintont G E, Williams R J. Learning representations by back-propagating errors. Nature, 1986, 323(6088) . 533-536.
Rhoades J D. Salinity: Electrical conductivity and total dissolved solids // Sparks D L, Page A L, Helmke P A, Loeppert R H, Soltanpour P N,
Tabatabai M A, Sumner M E, eds. Methods of Soil Analysis. Part 3-Chemical Methods. Madison; American Society of Agronomy, 1996. 417-435.

S0k

RANMAA, SIS, XK G IR nT RRLE R IR 09N T A2 AR, b TRE2A3R , 2004, 20(6) : 89-92.

B, I, T AT ANZ MK SOK TR AR . KRR, 1995, 5(1) : 76-82.

EFHFE, W, 20, R T R TR AR A A 0 3B T SEALAEA, 2012, 35(12) : 2661-2667.

FEEHT. P SR TV B R KO A A U R T R R 464, #b ROk, 1995, 17(3) : 97-101.

TR, BRBTSC, WM, ORI, T, B RV A BV A R K T T A . TR 5, 2009, 37(8) : 51-55.

http : //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.18 Sep.,2013( Semimonthly )
CONTENTS

Development of agroecology in USA  ««rereeeeesssmsimmmmmiiiieiiniiiii e HUANG Guoqin, McCullough Patrick E. (5449)
Research progress on water OOIPIiNt  ««+++ssseereesssmumrseniiiitt it MA Jing, PENG Jian (5458)
Analysis and evaluation of the eco-economic systems of the main crops (rice, cotton and rapeseed) in Jiangxi Province, China ------

............................................................................................. SUN Weimin, OU Yizhi, HUANG Guoqin (5467)
Relationship among drought, hydraulic metabolic, carbon starvation and vegetation mortality — «++-+e--- DONG Lei, LI Jiyue (5477)
Reviews on the ecological stoichiometry characteristics and its applications  «+++++ssssereerreeesernimiiiiiiiiii

........................................................................... ZENG Dongping, JIANG Liling, ZENG Congsheng, et al (5484)
Composition and fractal features of purple soil aggregates during the vegetation restoration processes in the Three Gorges Reser-

VOIT REGION  ++srreeessemrerees ittt WANG Yihao, GENG Yanghui, HUANG Zhonghua ( 5493)
Impacts of different surface covers on soil respiration in urban areas — «++---+---- FU Zhihong, HUYAN Jiaoqgi, LI Feng, et al (5500)
Chilling sensitivities of three closely related plants with different invasiveness in South China «e-eseeerreeerereeinii.,

............................................................................................. WANG Yutao, LI Chunmei, LI Shaoshan (5509)

The flower sydrome and pollination adaptation of desert rare species Eremosparton songoricum (litv.) Vass.(Fabaceae) «=+cveeeeeeeees
.................................................................................... SHI Xiang, LIU Huiliang, ZHANG Daoyuan, et al (5516)
Competitive effect of Pistia stratiotes to rice and its impacts on rice yield and soil nutrients «««eeeeeereeeeeeneieeiii .

.................................................................................... SHEN Shicai, XU Gaofeng, ZHANG Fudou, et al (5523)
Photosynthetic physiological ecology characteristics of rare medicinal plants Bletilla striata —«+«-«+sserereemeeseemsieinii

.......................................................................................... WU Mingkai, LIU Hai, SHEN Zhijun, et al (5531)

Photosynthetic responses to Solar UV radiation of Gracilaria lemaneiformis cultured under different temperatures and CO,

COMCEINITALIONS  ++ v v ereresnenssernensanenensmnenemneneneentnenrenenernensmaenenees YANG Yuling, LI Wei, CHEN Weizhou, et al (5538)

The effect of soil oxygen availability on greenhouse gases emission in a double rice field «++erererereeeeirimiiiii
............................................................................................. QIN Xiaobo, LI Yu'e, WAN Yunfan, et al (5546)
Effects of nitrogen management on NH, volatilization and nitrogen use efficiency under no-tillage paddy fields —-+eeeeeeereeeeeeeiennns
....................................................................................... MA Yuhua, LIU Bing, ZHANG Zhisheng, et al (5556)
Study on characteristics of net photosynthetic rate of two kinds of tree shape and Impact Factors in Korla fragrant pear -------eeeeeeeees
................................................................................................... SUN Guili, XU Min, LI Jiang, et al (5565)
Effects of sand burial on growth, survival, photosynthetic and transpiration properties of Agriophyllum squarrosum seedlings —«-+-+-------

.......................................................................................... ZHAO Halin, QU Hao, ZHOU Ruilian, et al (5574)
Effects of using plastic film as mulch combined with bunch planting on soil temperature, moisture and yield of spring wheat in a
semi-arid area in drylands of Gansu, China «----oeoveeeeeeeeees WANG Hongli, SONG Shangyou, ZHANG Xucheng, et al (5580)

Study on soil aggregates stability of mulberry ridge in Rocky Desertification based on Le Bissonnais method —++-«-eeeeeeeeenencaeiennnns
.............................................................................. WANG Sanshu, HUANG Xianzhi, SHI Dongmei, et al (5589)

Effects of fertilization on nitrogen loss with different forms via runoff and seepage under Phyllostachy praecox stands -«+---eeveeeeeeeenees
................................................................................. CHEN Peipei, WU Jiasen, ZHENG Xiaolong, et al (5599)
Characteristics of physiological groups of soil nitrogen-transforming microbes in different vegetation types in the Loess Gully
region, China ««««+  ssreeresimmrire i XING Xiaoyi, HUANG Yimei, AN Shaoshan, et al (5608)
Effects of vegetation types on soil microbial biomass C, N, P on the Loess Hilly Area «+-eeteeeeerereeaeiiiiiiiiiiiii...
............................................................................................. ZHAO Tong, YAN Hao,JIANG Yueli,et al (5615)
Influence of mulching management on soil microbe and its relationship with soil nutrient in Phyllostachys praecox stand ««++-+«-eeeeeeeee
.................................................................................... GUO Ziwu, YU Wenxian, CHEN Shuanglin, et al (5623)

Effect of rainfall on the seasonal variation of soil respiration in Hulunber Meadow Steppe ««+-«+sereeereerereniiniiiiiii
....................................................................................... WANG Xu, YAN Yuchun, YAN Ruirui, et al (5631)
Spatial heterogeneity of fine roots in a subtropical evergreen broad-leaved forest and their sampling strategy based on soil coring
ey K TP HUANG Chaochao, HUANG Jinxue, XIONG Decheng, et al (5636)
Changes of leaf traits and WUE with crown height of four tall tree species —+-++----- HE Chunxia, LI Jiyue, MENG Ping, et al (5644)
Sap flow dynamics of Populus alba 1.XP.talassica plantation in arid desert area -+ ZHANG Jun, LI Xiaofei, LI Jiangui,et al (5655)
Effects of simulated temperature increase and vary little quality on litter decomposition — «««+eeererereereremeniintiiiii
....................................................................................... LIU Ruipeng, MAO Zijun, LI Xinghuan, et al (5661)
The effects of leaf stoichiochemistric characters on litter turnover in an arid-hot valley of Jinsha River, China -----eereeeeeeieenieinne.

................................................................................. YAN Bangguo, JI Zhonghua, HE Guangxiong, et al (5668)

Comparison of concentrations of non-structural carbohydrates between new twigs and old branches for 12 temperate species «---e-------
........................................................................... ZHANG Haiyan, WANG Chuankuan, WANG Xingchang (5675)
Combined effects of root cutting, auxin application, and potassium fertilizer on growth, sugar:nicotine ratio, and organic potassi-
um index of flue-cured tobacco —«+eeeeerrrrriiiiiiiiiii WU Yanhui, XUE Lixin, XU Zicheng, et al (5686)
Effects of photoperiod and high fat diet on energy intake and thermogenesis in female Apodemus chevrieri — ««+-s-eeeeeeeeseeeaeaeiannnn.
.................................................................................... GAO Wenrong,ZHU Wanlong, MENG Lihua, et al (5696)
Effects of dietary chlorogenic acid supplementation on antioxidant system and anti-low salinity of Litopenaeus vannamer «--«--«=+++=s----

................................................................................................... WANG Yun, LI Zheng, LI Jian, et al (5704)



5962 A % R 3345

Responses of desert plant diversity, community and interspecific association to soil salinity gradient —«-«-eeeeeeeeeemeeeneiaiii..
.............................................................................. ZHANG Xueni, LU Guanghui, YANG Xiaodong, et al (5714)
Community characteristics in a chronosequence of karst vegetation in Mashan county, Guangxi — ««+eeeeeererreeerreieiini .
.............................................................................. WEN Yuanguang, LEI Liqun, ZHU Hongguang, et al (5723)
Association between environment and community of Pinus taiwanensis in Daiyun Mountain —««-eceeeeerereereneiiinii .
............................................................................................. LIU Jinfu,ZHU Dehuang, LAN Siren, et al (5731)
The dynamics of soil fauna community during litter decomposition at different phenological stages in the subtropical evergreen
broad-leaved forests in Sichuan basin «+eeeceeeeeeieeiniiiiii. WANG Wenjun, YANG Wangin, TAN Bo, et al (5737)
Seasonal dynamics and content of soil labile organic carbon of mid-subtropical evergreen broadleaved forest during natural succe-
GSLOIL +# e e eeemememea et ettt et ettt ettt et et e e e aaas FAN Yuexin, YANG Yusheng, YANG Zhijie, et al (5751)
The stoichiometric characteristics of C, N, P for artificial plants and soil in the hinterland of Taklimakan Desert «-«-eeeeeeeeeeeeeeennes
.......................................................................................... LI Congjuan, LEI Jiagiang, XU Xinwen, et al (5760)
A preliminary investigation on the population and behavior of the Tundra Swan ( Cygnus columbianus) in Poyang Lake ««--vcoeeveceees
................................................................................. DAI Nianhua, SHAO Minggin,JIANG Lihong, et al (5768)
Effects of nutrient enrichment and fish stocking on succession and diversity of phytoplankton community =~ «-eeeeeeeerereneeeeeiieiii.e.
.................................................................................... CHEN Chun, LI Sijia, XIAO Lijuan, HAN Boping (5777)
The depositional environment and organic sediment component of Dagze Co, a saline lake in Tibet, China «+-+etereeeeerereraiiiaiiiiane.
.......................................................................................... LIU Shasha, JIA Qinxian, LIU Xifang, et al (5785)
Spatiotemporal variation of interacting relationships among multiple provisioning and regulating services of Tibet grassland ecosys-
TN PAN Ying, XU Zengrang, YU Chengqun, et al (5794)
Spatial distribution of dissloved amino acids in Lake Taihu, China ------------ YAO Xin, ZHU Guangwei, GAO Guang, et al (5802)
RS- and GIS-based study on ecological function regionalization in the Chaohu Lake Basin, Anhui Province, China ----e-eeeeeeeeeeennes
.................................................................................... WANG Chuanhui, WU Li, WANG Xinyuan, et al (5808)
Trends of spring maize phenophases and spatio-temporal responses to temperature in three provinces of Northeast China during
the past 20 Fears ««««++veeeeeesremmimniririre LI Zhengguo, YANG Peng, TANG Huajun, et al (5818)
Species selection for landscape rehabilitation and their response to environmental factors in Poyang Lake wetlands «+«-+eeeeeeeeeeeeeennes
................................................................................. XIE Dongming, JIN Guohua, ZHOU Yangming, et al (5828)
Temporal and spatial pattern of the phytoplankton biomass in the Pearl River Delta ««+-eeeeeerererereraiiiiiiiiiiiiii...
............................................................................................. WANG Chao, LI Xinhui, LAl Zini, et al (5835)
Spatio-temporal dynamics of land use/land cover and its driving forces in Nanjing from 1995 to 2008 ««cervrererrereenieiiaiiiiiiiiiinnn,
................................................................................................... JIA Baoquan, WANG Cheng, QIU Erfa (5848)
Changes of organic carbon and its labile fractions in topsoil with altitude in subalpine-alpine area of southwestern China «----e-veveeeee
...................................................................................................... QIN Jihong, WANG Qin, SUN Hui (5858)
The carbon sink of urban forests and efficacy on offsetting energy carbon emissions from city in Guangzhou — --+-e-everereeeeieneinne.
.............................................................................. ZHOU Jian, XIAO Rongbo, ZHUANG Changwei, et al (5865)
Groundwater salt content change and its simulation based on machine learning model in hinterlands of Taklimakan Desert «------+-------
....................................................................................... FAN Jinglong, LIU Hailong, LEI Jiaqiang, et al (5874)
Analysis of coordination degree between urban development and water resources potentials in arid oasis city «ereeeererrrrereereeenieeenne.
....................................................................................... XIA Fugiang, TANG Hong, YANG Degang, et al (5883)
Constructing an assessment indices system to analyze integrated regional carrying capacity in the coastal zones: a case in Nantong

....................................................................................... WEI Chao, YE Shufeng, GUO Zhongyang, et al (5893)

.......................................................................................... LIANG Jun, XU Hanxiang, WANG Weiding (5905)
Distribution and long-term changes of net-phytoplankton in the tidal freshwater estuary of Changjiang during wet season = «+-e-eeeeeeeees
.................................................................................... JIANG Zhibing, LIU Jingjing, LI Hongliang, et al (5917)
Study of urban metabolic structure based on ecological network: a case study of Dalian = +«-evvreeeerereiiiiiiiiii
.................................................................................... LIU Gengyuan, YANG Zhifeng, CHEN Bin, et al (5926)
Factors influencing of residents’ tolerance towards wild boar in and near nature reserve: Taking the Heilongjiang Fenghuangshan
Nature Reserve as the example  ««--+osreereeesmmmrsriniiii XU Fei,CAI Tijiu,JU Cunyong, et al (5935)
Herdsmen's willingness to participate in ecological protection in Sanjiangyuan Region, China «««-teeeeeerereieeiiiiin .
.......................................................................................... LI Huimei, ZHANG Anlu, WANG Shan, et al (5943)
Analysis of first flush in rainfall runoff in Shenyang urban city «-:+eeoeeeeeeeeeeeees LI Chunlin, LIU Miao, HU Yuanman, et al (5952)



(ERZFR)2013 E£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

CHER2EY) M2 A T, K 16 FF4,300 1T, B N E M 90 Jo/ M, &4F 2 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

KERERIER BRAD WEHMEE LU HATHRE XIKE B ¥

5 5 % ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEAT 1981 48 3 A 81T (Semimonthly , Started in 1981)

$33% HI18H (20134E9 A1) Vol. 33 No. 18 (September, 2013)
b2 L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of
Hiuhk AL HUEEE X AU % 18 5 ACTA ECOLOGICA SINICA
M B 25 £ - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
HLI: (010) 62941099 Tel: (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn .

shengtaixuebao@ rcees.ac.cn

; ﬁ i‘[%]%\‘ B | Editor-in-chief WANG Rusong
* ; rh ﬁijl},_%z,,_%z, £ Supervised by China Association for Science and Technology
fp R 22 o A 2SR 0 Sponsored by Ecological Society of China
Hidil b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M T 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MRS A . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
£ 1T H# % 2 K i Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m ;fE
MR B S - 100717 Add ;16 Donghuangchenggen North o
L : (010) 64034563 Street, Beijing 100717, China T =
- Eﬁﬂ{g% i%uﬂil?%@ cspg.net Tel: (010) 64034563 S =§
ESNETT b E bR E 5 5 6 E-mail ; journal @ cspg.net E ——t
Mok AL ET 399 {24 Domestic All Local Post Offices in China - 8
ik B 25T < 100044 Foreign China International Book Trading 3 ‘O_
23— e Corporation N~
;“EII g UL 8013 5 Add:P.0.Box 399 Beijing 100044, China - ;:
IS5 1000-0933 RSMATF 17 RERE RS 82.7 EShE1TRE M6TO0 Rt 90.00

CN 11-20317Q



	1.pdf
	fm.pdf
	中文目录.pdf

	stxb201305221137.pdf
	3.pdf
	英文ml.pdf
	18fd.pdf




