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Abstract: Water conservation is an important component of forest ecosystem services, which is involved in the natural
processes such as regional climate circulation, hydrologic cycle, vegetation growth and succession, and availability of soil
nutrients. Thus it is an important indicator for regional eco-environment condition. Water resources in Three North
Shelterbelt Forest Program region are scarce. Many researchers have attributed water scarcity in this area to large-scale

artificial afforestation. Other studies have shown that climate change, the industrial development, intensive agricultural
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irrigation, and overdraft of groundwater were the primary causes of water resource changes. Whatever the reasons are, recent
studies have shown that topography, stand condition and quality significantly influenced the regional forest water
conservation. It is necessary to dynamically study the forest water conservation and its response to topography, forest
condition and quality. This will be conducive to understand the achievements in ecological construction, to promote
vegetation construction, and to regulate water conservation services of the Three-north Shelterbelt forest program. This study
analyzed literature and applied GIS technology to analyze the hydrological characteristics of different forests, and to develop
a method to dynamically assess water conservation services of different forests at a regional scale. We quantified the water
conservation services of different forests in the Three North Shelterbelt Forest Program region comparing those services across
different types of forests, years and vegetation zones. We also analyzed the respective effects of topography, forest condition
and quality on the spatial patterns in forest water conservation services. The results were as follows: (1) the forest water
conservation in Three North Shelterbelt Forest Program region has been continually enhanced. It increased from 73.92mm in
1990 to 75.14mm in 2015, and followed a decreasing trend from the east to the west, and from the south to the north. (2)
There were significant differences in forest water conservation among different vegetation zones, years, and forests types.
Forest vegetation zone was the main body of forest water conservation in the Three North Shelterbelt Forest Program region.
The coniferous and broad-leaved mixed forest was the forest type with the highest forest water conservation. (3) The forest
water conservation in the Three North Shelterbelt Forest Program region was affected by topography, forest condition, and
quality respectively. Except for individual vegetation zone, the forest water conservation in vegetation zone was significantly
increased with raised slope degree, vegetation coverage, and vegetation net primary productivity, while was decreased with
forest biomass, which was the result of the comprehensive function of regional vegetation adaptation and human disturbance,
such as excessive deforestation, destroying trees and reclamation, and vegetation construction and protection. Therefore, the

regional forest water conservation can be regulated by adjusting and improving forest structure.

Key Words: Three-north Shelterbelt Forest Program; forestry ecological engineering; vegetation regionalization; water

conservation; pattern and change
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Fig.1 Location of the study area
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Table 1  The average runoff coefficient for each forest type
— 42K Primary types RIS Secondary types SFEIFE TR FBL Runoff coefficient
FRARHK Arboreal forest PANRE N 2.70
CE IR 4.52
SR RN 0.88
Bt R S pK 3.52
AR Shrub “H 2t B R DA 4.26
PR A 4.17
T I A 4.17
Fis B 19.2
i 19.20
il i Garden TR el 1l 9.57
THEAR I 9.57
434 Greenbelt TeAR LR 2.7
HEAR SR 4.17

1.3 WFoesids

3 R NPP $idiE >k [ lﬂﬂ%[&%@,m 57 MU ER BT P 8 U AT BA
DS+ O R A N R EDO R O

1990—2015 4F H /K XU# | H
Tk B A Tl 5 G B R ARG R Tl S Bk A v ARG R
(https://data.cma.cn/) , J5F| & *%%Uﬁﬁ E G PAR 28 O 2 W 4 A . B0

R 90mDEM , 3 [ [

FHBR R G B FEIE IR ST & (http . //www.geodata.cn/index. htm] ) 8¢ . T2 B 508 R IF AL PR LR 2,

F2 FEHEXRR

Table 2 Sources of principal data

K 4 Hpm el Bl R
Data name Data format Data source Data acquisition ways
KL Meteorological data 1990—2015 4F- Excel o E SR FLE S S 5 HIE

- 1990,2000,2010 1 2015 4F T E R B S BT R .
T #EHE Land cover Ik Tk HHAS KO 5T T H g =

5 h Bk 2 45 Bl 242 4t =
5RO Digital elevation model 90mx90m i Kl %Hf”‘ RAFFHIBIER g 2ompmg
=
A TREXHR - I MRl A Dy ) 2 A R i N .
Three north shelterbelt project boundary 1:100 J7 BB 3R BB b IR
HZRIRE Root depth SCHR SR E;ﬁféf& BEXTERMX ArcMap 153515
TH 4 A F| FH 7K Plant available water - ] P - 0 i H - e 18] ArcMap HE 315
FE B R EL Vegetation coefficient - AR T AR R 8] ArcMap T 3K1F
SRR B VSR B R N
O Soil data Fxcel - M B PIRFITRITSR I e sy
Ay Tkm>x Tkm A& i JR AR R -
gL 2L 122 2% E A N,
NDVI e Tk HFS S i[ﬁﬂ%[&nﬁdﬁlﬁlﬁﬂ%x&ﬁ S 2 M
NPP Tkm>x Tkm A0 2504 Tﬁﬂ%g AR R kT T H R I
L
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Table 3 Characteristics of vegetation zone in the Three North Shelterbelt Forest Program region

7Y Types T Area/10*km? L] Percentage/ % FSFHARES RS
FRMAEPE X Forest vegetation zone 120.95 26.92 FeYiN
FiMBE R X Sparse shrub vegetation zone 59.32 13.20 TN
R Y X Grassland vegetation zone 69.38 15.44 i

FE ML X Desert vegetation zone 127.62 28.40 birtid

5 JFUH X, Plateau vegelation zone 72.10 16.04 o R R
A1 Total 449.37 100.00 -

22 KIETETRERS R S

PRI K F R 35 B R A0 A KRR T I, 98 0 0 0 D A MK A 72 R0, 2 A
ST B A 2SR B K I T 0, AT T R T 45 41 4098 22 BRI P WA i 1 2
IKIERFERIFTT 45 B0, = T AR AboK 50 5 8 S BB A 5 L A0 A 46 e, o AT 7
AL A A S 1 B I8 | 26 TR IR 2 kK T 200mm , Fk KL 45 AL AR 4
S VT T AR A X T 100—200mm , B IR AT 5 40 P ST AR AL PG 3
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SRR GIE AT KX 3 1990—2015 4FFR MR AR AR A, Bl =6 TR X AR K IFRE 77 123 [l 4% SRy
AEBRAR AN 1 2 A0 =0 TR XA AR AR AT 7K R A 75 B S A 238, AN 1990 419 73.92mm 3 N % 2015
AE(R) 75, 14mm , 111 1990 4F = b TFE X FRMOK J5 I 5% 5 (497.35 12 m?) #1755 T 2000 4F 7K Y5 I 557 A hE (493.77
f¢.m*) . 2000 4FJ5 , A IR HFAMOA T T AR R IAMORS 4 TR A HEE 32 XA MOK TR 77 B i el 3
2015 43k 497.72 /2 m*(F£ 3) .

19904

o SRR X
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Fig.3 Patterns of water conservation depth based on multi—year average weather data

AR T K IR TR TR BT 7, 2% XA AMOK IR 0 57 D) BE LA BT RR TR S bR o, P340 113.3mm, 5 4% i
R Z R 102.58mm , B 5 H2 7% BRI AR 5353104 94.02mm F1 92.92mm i B #E AR A, -1
90.02mm BRI AFAHE A Bl 5 T AR K IR 57 i AR A, e AR SIS A B T ARUK U TER 5% o 5 ik 2l 4
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Table 4 The variations in water conservation of different forests

i H Ttems 1990 4 2000 4 2010 4 2015 4 15 Average
ZAEV-F K i Annual precipitation /mm 326.49 326.49 326.49 326.49 326.49
F&E I FE AR Deciduous broadleaf forest 93.04 93.13 92.78 92.74 92.92
W ERET AR Evergreen needleleaf forest 51.04 51.05 51.70 51.49 51.32
FEITEF IR Deciduous needleleaf forest 94.09 94.00 94.09 93.90 94.02
£ FTRZE MK Broadleaf and needleleaf mixed forest 113.22 113.26 113.46 113.40 113.34
W G A Evergreen broadleaf shrubland 112.83 112.83 91.67 93.00 102.58
P RE H-E A Deciduous broadleaf shrubland 60.38 59.45 61.77 61.18 60.69
W ERET I Evergreen needleleaf shrubland 25.50 26.56 25.99 25.53 25.89
TR Sparse forest 2.10 2.20 2.71 2.76 2.44
TR HEM Sparse shrubland 0.01 0.01 0.02 0.02 0.02
FrABE b Tree orchard 9.26 9.14 6.37 6.09 7.72
T H Shrub orchard 11.37 9.72 3.20 3.38 6.92
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Wi H Items 1990 4F 2000 4F- 2010 4F 2015 4F 45 Average
TR K&k HE Tree garden 13.63 22.11 24.77 27.61 22.03
HEARS:H Shrub garden 21.94 31.68 31.13 32.27 29.26
FRARE TR Total forest area/10*hm? 6728.22 6651.00 6628.35 6623.90 6657.87
JK IR R FE B Water conservation /mm 73.92 74.24 74.99 75.14 74.57
JK IR F7 B Total water conservation /108m? 497.35 493.77 497.06 497.72 496.48

P T4 DX [0 A8 TR b T2 b 00 R A oy 2 700 45 9% S W 3 00 A M X R MOK TR R T BB 22 57 W
2015 4F =46 TR X A A 2 XA [R) AR R IR0 B3 T FE K T T80 77 et — M 2 B A Z MOREL 2 DX > v 0 X > 1 i
L DX > B8 S AR AP IX > S A B DX (L8 B itV DA LA PR 8 2 X e iy, AR DXOUR 22, B e B AR A X
T DX R M1 5 o JEUARL A X 7 o o] - A A el it AR A gt b P57 T XL /K DL TR 77 i SR T AR X, HL
¥ I 1] PV DA 22 e A 5 DX = MR A 2 TR S50 5 A s 43 DX BN T B AR 38 7K R A 5 o R Sk AR B X
> fei JEUREL 0 DX > A AR 8 R [X > 5 J A 9 X > TR AR 41X, 4351 4 97.98mm |, 55. 19mm | 28.44mm , 6.32mm Fil 0.
06mm,, R B X FRAMOR =0 TR X ARMOK IR SR T AR Y 244, 2015 Ak IR TR M R 469.11 {2 m’ , 24
b7 TR X AR MOK IR T B 1Y) 94.25% (K 5) .

£5 2015 EHRXREHRMEEKIFEHFEF/ mm

Table 5 The water conservation function of different forests in 2015 year

T H TR X AR A X i P P X AR X o A X
Ttems Desert area Grassland area  Sparse shrub area Forest area Plateau area
FE T [E AR Deciduous broadleaf forest 0.01 3.75 25.32 100.94 24.20

B G5 AR Evergreen needleleaf forest 0.42 13.45 31.32 75.10 26.78

PE A IEAR Deciduous needleleaf forest 8.09 17.65 56.71 96.91 -

£ IR A HK Broadleaf and needleleaf mixed forest - - 36.54 114.08 32.81

H LR FE H-FE M\ Evergreen broadleaf shrubland - - - 93.00 -

% IH-FE - A\ Deciduous broadleaf shrubland 0.13 8.38 32.01 91.06 62.99

W ERETHHE M Evergreen needleleaf shrubland 3.48 29.97 82.49 78.78 5.61
TR Sparse forest 0.00 0.00 0.18 23.45 -

TR HEM Sparse shrubland 0.00 0.00 0.00 1.50 0.00

TR A FEHE Tree orchard 0.00 0.00 0.00 10.81 0.00
At # Shrub orchard 0.00 0.00 8.54 27.27 16.17
FrARLEH Tree garden 0.00 2.00 13.42 49.89 2.70
THEARZEH Shrub garden 0.00 5.09 29.04 84.76 43.33

JK IR Water conservation /mm 0.07 6.32 28.44 97.98 55.19
KR 5% i At Total water conservation /10%m? 0.06 1.78 14.98 469.11 11.79

2.3 JKIRBASRHE SRS HUE A ARMOIR DL A 5 &

AN RV 23 DX A, TR AR BRAR K IR % B 5 P-4 A i P-4 NPP PS5 R U7 i P R 32 4 B A 5
P&t SRR RO A Bl DK R % 55 35 B A DG I AN I 25 o, 25 e e DX B S T UK IR TR 7 e S U A=)
g NPP AR B o B 2 (A FF AR I 35l 35 AR S OG-, HLA O 3R B L R X e, BT AR X
A7 TR K TR 7 AR AT i FEE 3 DI 34 0 5 B e T AR DX Bz v ARUBR M TR TR 7 55 P S 3 A S 1
AW, 5V NPP R E G SCHT AR B 20 DXL 0 R AR MR URUIEA 77 10 B 1 X1 3 2 A7 2 NPP 93 0
117 5825 10 5 55 R 2 A W 1) O AR 2%, e R A DX B A7 T B URR AR R % BT 32 2B ) g 304
NI S 3K, AR DX g DL 4 X DU s A v P AR i RS R e DR e SR A X U B
B A= Py B IT REAIG, e 298 T4 AR EE (L (1 4) o K IRIRFR SR  ARMOIR B0 5 B b 3 5 27 AR 1Y
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Fig.4 The relationships between water conservation per unit area of forest, slope and forest condition in each vegetation zone
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