55037 B 3 W S &~ £ Eild Vol.37,No.3
2017 4F2 A ACTA ECOLOGICA SINICA Feb.,2017

DOI: 10.5846/stxb201508271781
IR A, /S BRI L7 TR T R XN TR MO R R A A8 (R M BRI 52 AR A5 241, 2017,37(3)

Lu C X, Cao S X, Shi X L.Stimulation on the impact of afforestation on the groundwater table in arid and semi-arid areas in northern China.Acta Ecologica

Sinica,2017,37(3) .

BEILLAFTFEFTFEMX AT EHRITH T/KATHE
0l B4 4% 0L AfF 32

SRR, G o R
L BRI R R G SR =D R G, dEa 100084
2 dethhll R L U BB, dbat 100083

3 VB R AE 2 GRS B2 B, TRFH 110866

4 P EBEERIEATIERE, JEAT 100012

FE /K TR 5k L S BEL A [ Ak AT R A SRR ) 2 5GP 3R T HG PP R B IR T B . [ 1952 AR 3R T 5o R
DS AN TR, KA T GO /R N TR AN 28 bt B0 308 o T 21 M ) SRR A 2 I X T RE 2 TR M i 3t T
KA T AR A SR N T3 MO R KA B2 MR A I ST 5 ke, DR A B T PR B SE A5 1 L3 1 7 Bl O BRI T A
TSRS S AL 7 T 52 T R DA M TR R AR, 45 SRR W RRUBE A T3 AR sl xR T Kz o 2, i TR B AR —,
HOR T B AR MR AL B TR AR At R KA R 4R R IR AR AOR A B S T TR M
TOKHEZR B R i E S B AR R B & AR IR SR e T K SRR R

KR N TG TR T R X 28O M R KA 5 & R AR

Stimulation on the impact of afforestation on the groundwater table in arid and

semi-arid areas in northern China

LU Chenxi"?, CAO Shixiong” ", SHI Xiaoliang™*

1 Center for Earth System Science, Tsinghua University, Betjing 100084, China

2 College of Economic Management, Beijing Forestry University, Beijing 100083, China

3 College of Economics and Management, Shenyang Agricultural University, Shenyang 110866, China
4

Chinese Research Academy of Environmental Science, Beijing 100012, China

Abstract: Water scarcity is a global environmental problem that jeopardizes human safety and socioeconomic development.
In China, it has also become a potentially major obstacle for socioeconomic development, where 164 major groundwater
areas are being exploited unsustainably. As a result, the depth of the groundwater table has increased by an average of 1.5 m
per year in the arid and semi-arid regions of the north. Since 1952, China has implemented an unprecedented large-scale
tree-planting program that focused on arid and semi-arid regions. The goal was to use trees to conserve water and combat
desertification. Unfortunately, there is a serious risk that this program could exacerbate water shortages and lower the
groundwater table because the trees were not chosen based on local environmental constraints, and their evapotranspiration
is greater than the regional precipitation. Since precipitation is the major source of groundwater recharge in these semi-arid

and arid areas of northern China, this imbalance will intensify the decline of the groundwater resource. Despite this risk,
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there has been limited research on the effect of afforestation on the groundwater table in China. In the present study, we
selected nine provinces and provincial-level regions ( Beijing, Hebei, Henan, Shanxi, Shaanxi, Ningxia, Inner Mongolia,
Gansu, and Xinjiang) in China that focused on the tree-planting program, and are environmentally fragile arid or semi-arid
regions facing a serious water scarcity. We calculated the influence of the afforestation program on groundwater based on two
assumptions using seven evapotranspiration models, without considering evapotranspiration of the underlying vegetation or
accounting for differences among the tree species used in afforestation. We confirmed that there is a serious risk that
afforestation will cause the groundwater table to decline, independent of any other human withdrawals of this water. Based
on our assumptions that afforestation plots had insignificant groundwater recharge or losses as a result of lateral inputs from
adjacent land via subsurface or surface flows and that all planted trees survived, the groundwater table would decline most
dramatically in Gansu, Ningxia, and Xinjiang regions. When we extended our analysis to assume that groundwater
exchanges would possibly occur in land adjacent to the afforestation plots, and that this recharge is affected by the distance
between the two plots, we found that the groundwater table in Beijing decreased most. Together, our results suggest that
implementing such an afforestation program in arid and semi-arid areas without considering its influence on the groundwater
supply will cause potentially severe damage to local ecosystems. In China, this will possibly compromise the goals of the
national environmental policy, and damaging local socioeconomic conditions. In contrast, acknowledging the effects of this
program will support efforts to utilize groundwater resources more efficiently, decrease the impact on the ecological services
provided by these regions, and will mitigate the social and economic impacts on residents in these regions. In planning
future ecological restoration practices, the impacts on the groundwater resource must be considered and calculated. In
particular, environmental managers should select native tree species with high water-use efficiency and consider alternatives
to trees, such as shrubs, sub-shrubs, and grassland or steppe vegetation. In addition, a broader variety of trees and other
plant types should be considered; to determine an appropriate scale for afforestation that accounts for local moisture
conditions, and determine methods to utilize the groundwater resource more efficiently and sustainably. This afforestation

approach will improve the successful ecological restoration and sustainability of arid and semi-arid regions in China.

Key Words: afforestation; arid and semi-arid areas; evapotranspiration; groundwater supply; natural tree

species; afforestation
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Table 1 The soil porosity of nine provinces in northern China
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Fig.1 Potential groundwater decline in arid and semi-arid areas in northern China from 1952 to 2011
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Fig.3 The trend of climate change in arid and semi-arid areas in northern China from 1952 to 2011
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5 SRR ELA S DX, ORI bR 6 3 E AN PRI 5 2 3 AR A0 RIS St 5 AR 2l i bk i
WARAR, PRI A A SRR 5 O 32, TR sie K BT A B, 48 mUK BEIRA IR (K 3) .
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F2 HEILFAEHERS R
Table 2 Natural tree species in nine provinces in northern China
B Province %+ Natural tree species
BEARIE Platanus L. & JER Quercus variabilis SR75 Ginkgo biloba , T Fi4% Populus tomentosa M Sophora japonica , V4 it

LR % Malus micromalus FEMI Salix babylonica ZEW Koelreuteria paniculata . TSR Acer mono

bENES V&R )@ Firmiana Marsigli , 7] BBk Actinidia henanensis C.F.Liang\ﬂ] Diospyros kaki L.f. R Populus L.

4k SESR Malus pumila & Castanea mollissima %)@ Populus L. ME Salix L. AR Robinia 1.

e AWJE Equisetum L. JM¥S Pinus tabulaeformis #&J& Corylus L.

e v 1)@ Populus L. FABKE Juglans L. BEVEIEHE Viburnum schensianum Maxim.

g AL Larix principis—rupprechtii KM Ulmus laciniata 2 Ziziphus jujuba 2= Prunus salicina \@HEE Juglans L.
THE B Salix matsudana , 5 ¥2)& Picea Dietr.

Ho VPR Elaeagnus angustifolia AR Quercus acutissima ,SCiESF Xanthoceras sorbifolia

i 845 Populus euphratica M Tamarix chinensis M¥2 Haloxylon ammodendron

B SRR . W22 SR [ 57-63].

£33 RELFTEFTRBXMIERMERY

Table 3 Suggestions to the scale of afforestation in arid and semi-arid areas in northern China

ORGP Hiy XS AT AR Hb X 432 TR
Regional water-rich degree Regional climatic change Area classification Scale of afforestation
FE /2 Sufficient TR I NAE-GON SN N ) P

FE AL Sufficient T s e PiFy

A2 Insufficient TR Jeat e TR W LR IEE
A Insufficient T e 3 - -

5= B BRI N RAE SR AR AR AR Sl b A A U AR AR S AR R S X, IR, Je it
DXl T K B IR A 5 A, E DAL Y3 T KT R 7 S0 G . Tl MR WSO /K 2 A e R O IE IR ALY
77 OR R T /K B TFR , 4 i o R KA HRCR WA 2 B K Bt

5 45iE

AS BRI BN T3 MRS MR AR AR 2L DRI 228 s 1 A DR 208 i T K A2 B s i TR AR AF 5
SERFJEEFE, A SRR A+ 70 W 2B | R A LUS BBIFFE rp s 2t — D AR gt 2 (52
M 78 A5k L v R R (A B el I 5 T i, TIPSO 8 9 B i, ZRAR R O RG ff  2 B
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