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Abstract: The vegetation construction in the early stage of the Three-North Shelterbelt Forest Program had neglected the
carrying capacity of water resources, which resulted in a negative impact on the sustainability of the Three-North Shelterbelt
Forest maintenance. In order to implement the development concept of “water to define the forest and grass” , this paper was

conducted in three spatial scales on the basis of 1951—2018 precipitation series. By using Mann-Kendall non-parametric
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test, autoregressive integrated moving average ( ARIMA ) model prediction and ArcGIS spatial analysis methods, we
completed the trend analysis of annual precipitation, growing season precipitation, non-growing season precipitation, and
predicted future precipitation in the following 30 years. The results showed that the areas in growing trend of annual
precipitation and growing season precipitation were of 73.64% and 70.10% respectively, mainly distributed in the northwest
desert area of the Three-North Shelterbelt Forest Program region. The areas of growing trend in non-growing season
precipitation was of 92.06% , apart from few parts of the southern loess plateau and the sandy area, in which most of the
areas were in growing trend. Areas in growing trend of annual precipitation, growing season precipitation, and non-growing
season precipitation with confidence degree above 90% were of 45.43% , 37.31% and 36.79% respectively. Radar statistical
map of eighteen main construction areas showed that the changing trend of growing season precipitation was consistent with
the annual precipitation. From east to west, Song-liao Plain and other seven regions are dominated by the trend of non-
significant decrease, Songnen Plain and other seven regions are dominated by the trend of non-significant increase, and the
Qaidam Basin and other four regions in the west are dominated by the trend of 90% or 95% significant increase. Non-
growing season precipitations are mainly in an increasing trend, with the exception of the Jinshaan Gorge and the Jinghe-
Weihe river basin, which are in a non-distinctive decreasing trend. In five key counties, precipitation statistic curve UF,and
its reverse statistic curve UB,are intersected, which indicates that there had been a sudden change in their annual
precipitation. And in Korla city, Dengkou county and Horqin left wing rear banner, the two curves are multiply intersected ,
indicating that the annual precipitation changes frequently in these areas. The ARIMA model is used to predict the annual
precipitation data in the next 30 years, the annual precipitation change data for the next 30 years is calculated and the
spatial distribution maps are completed. This study can provide basic data for the optimal allocation of forest and grass
resources based on water resource carrying capacity, and provide scientific support for the development of “rain-fed forest

and grass vegetation” in Three-North Shelterbelt Forest Program region.

Key Words: Three-North Shelterbelt Forest Program region; precipitation; Mann-kendall non-parametric test;

Autoregressive Integrated Moving Average Model ; spatial analysis
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Fig.1 The distribution map of Three-North Shelterbelt Forest Program region, its main construction areas and key counties
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Fig.2 The spatial distribution map of precipitation non — parametric Mann-Kendall test Z score of Three-North Shelterbelt Forest

Program region
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Table 1 The area percentage statistical table of precipitation variation trend under different confidence values
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Fig.3 The area percentage radar chart of precipitation variation trend under different confidence values
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YHEES IR 73 b B 2 EEL A 0 b ] i A 8 K i 5 A K ZE R K o AR S A T R 90% B8, 95% . 35 1 A 30 11 1 K
PRy 3 HA X BRI i D RO B ok 3, AR R ZRROK R T B A R Tl I AT U
DIAS S 20/ D ka 34y i g oA X X DA R 3ol 3=

(3)5 NEERM UF, 5 UB, Wisk il 42 BUAE 05, U B AR oK B 28748 ke A IR sk il e 11 B RLR
WA UF, 5 UB, £ 22 4b A A5, 150 I AR R/ i 9848 e A A %

(4) R ARIMA FERIFOMAR Ak 30 4F A AEREK &, JEAE IR 550 30 4F ] B4R K AR TR 5kl
2l Hh A 18] 43 A ], T R P e B K 88 U5 R 2R R 0 (MR B A Ak R i (A S At 4, Ry — b TR Rk 24k
SERFEGEUR e TN SRR A SRR S

25 b Bk = db TR XK B IR AR AR IR, A8 N 224 J7 1T 224~ RUBE %322 DX 30 Ay A 7 o 722 A i 34 1
25 [A) 43 A7 SR T BEAT T HFFE , R I JB L 7K W R R 28 7 A PR o 9 RO A T 2 2 1 1 T S A i
fili, [RIES A Ry =6 TR XK SO R G R R 525 A ) 1 1 a2 DXk sk e A8 fh AR
FIFIRIZ XK SC | A SR 9 F e H AR S ERBE (1 5 il R 2 RIS

22 3R ( References)

[1] EEZE, Safl, EEE, BRI, T, 5, 055 P EREBREN 228 5 M E— 1. SRPRE KRR, 2015, 26(3):
299-310.

[2] Zeng W, YuZ, WuS H, QinJ B. Changes in annual, seasonal and monthly precipitation events and their link with elevation in Sichuan Province,
China. International Journal of Climatology, 2016, 36(5) : 2303-2322.

[3] HaoL, SunG, LiuYQ, GaoZ Q, He J J, Shi T T, Wu B J. Effects of precipitation on grassland ecosystem restoration under grazing exclusion in
Tnner Mongolia, China. Landscape Ecology, 2014, 29(10) ; 1657-1673.

[ 4] BREFL, RInfl, (R8s, FO, MRIESE. pygeliaf T 5 m 5 K o X R AR SR A i N . AP AR 252440, 2016, 40(7) : 658-668.

[5] Efmfs, &S, IS, B, DREF, WEH. BEKARZ00 RE bk 004 Y D RE 2 R PRSP . AR 3SR, 2017, 37(3) .
868-876.

[ 6] By, soril, 295, KIED, kIR, Boki R (Ut abahi A K Aieme. LR, 2016, 36(20) : 6457-6464.

[ 7] 3, ®WZE, Wik, Zrib. SRamB s 5T b Rk E 2 AR R URHME. HFRBTSE, 2006, 25(6) : 1031-1040.

http ; //www.ecologica.cn



8716 JAE = 40 4

[8]
[9]

[10]
[11]

[12]
[13]

[14]
[15]
[16]
[17]
[18]

[19]
[20]
[21]

[22]
[23]
[24]

i, AT 3 50 ARAEE ML IX MK B A AR URHIE TS, A ARBEIREEAR , 2010, 25(2) : 270-279.

Qin FY, JiaGS8, Yang J, Na Y T, Hou MT, Narenmandula. Spatiotemporal variability of precipitation during 1961-2014 across the Mongolian
Plateau. Journal of Mountain Science, 2018, 15(5) : 992-1005.

Mt B, VRSETT, EEE, PR IR R UK SRR SRR LT B 2SR S HUBEAE AR, 2009, 64(9) : 1083-1092.

Sun F B, Roderick M L, Farquhar G D. Rainfall statistics, stationarity, and climate change. Proceedings of the National Academy of Sciences of
the United States of America, 2018, 115(10) : 2305-2310.

TR, Kok, KA, BRI, B TR BB K N 25 B R AERFY. A2, 2017, 37(13) : 4444-4455.

BHAEM. ST RS = A TR AR JURE R R AL I AL st 4 6 AR A5 Bf . (2018-11-30) [2020-02-02]. hitp://www. xinhuanet.
com/ politics/leaders/ 2018-11/30/¢_1123789904.htm.

ORRIE, ARWekn, M7, e, 1T 25 SE=HUP PR TR X L iR Ak J2 BBl 1 o3 B M B2, 2012, 67(5) @ 589-598.

ERE, SRBI, NF2 B, SJUR bR R 2R TR OARMOK IR SR R AR A, AR, 2019, 39(16) : 5847-5856.

. =Bk LR AR O 5578 AR AE B HX SRR B PP [ D] 22 . PYBImE R, 2012.

EMGHE, FEFF-, Feoh, XU, BOCH]. =JURrobk TR X UL AT, K LARFFIE AR, 2014, 31(1) ; 273-278.

AR, ZJbpifrbkai% 40 4E,; T8RRI @K%, (2018-08-04) [2020-02-02]. http://scitech. people. com. cn/n1,/2018/0804/
¢1007-30209053. html.

Gilbert, R O. Statistical Methods for Environmental Pollution Monitoring. New York: Van Nostrand Reinhold Co., 1987 302-310.

AN, KW, BRA, JESCE. A Mann-Kendall #FIE7 47 - L e K e (9 AR ML, T 52 XHBHTL, 2010, 33(4) : 593-599.

Lamchin M, Lee W K, Jeon S W, Wang S W, Lim C H, Song C, Sung M. Long-term trend and correlation between vegetation greenness and
climate variables in Asia based on satellite data. Science of the Total Environment, 2018, 618 1089-1095.

FARPT, HESE, Bk, S, JUHE 61 4F T4 B kg Mann-Kendall #5745, BHGEA, 2019, 35(8) : 151-154.

XUFEA. FRINHTAEREK H (1 ARIMA BERITIN. 7K R ORFFIESY, 2011, 18(6) : 249-251.

PAT, FLEERE, BRAEE. 22T ARIMA BERURG LR H K R F ST, AR RS20 FLARIERR, 2013, 29(3) ; 244-249.

http ; //www.ecologica.cn



