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Spatial patterns of forest water conservation function along an elevation gradient

in the Beijing mountain area
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Abstract: The realization of the forest water conservation function is an important aspect of the ecosystem, contributing to
human well-being. Some studies evaluated soil water conservation function based on the soil water storage capacity, while
the actual water conservation and water storage capacity often have certain differences. It is not rigorous to directly equate
the water conservation function of litter and soil with its maximum water capacity in quantitative analysis. In recent years, it
attached great importance to the distinction between the water holding capacity and the water conservation amount of the
forest ecosystem in study. In this study, we analyzed the spatial variation of forest ecosystem water holding capacity
( maximum water capacity) and actual water conservation along the elevation gradient, and the results showed that the
variation patterns were very different. In this study, we selected the Jiufeng national forest park, which has a representative

vertical distribution of soil and vegetation in the soil-rock mountain area of north China, as the research site. We took
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elevation as the main spatial variable, monitored the main hydrological processes at 10 gradients stations within the elevation
range of 150—1150m, and concluded that: the water holding capacity of the forest ecosystem basically depends on the
water storage capacity of the soil layer (91.89% ) , which basically shows a monotonous increasing trend with the elevation,
while the change of the actual water conservation is complex. Forest ecosystem actual water conservation presented the
change of “ decrease-increase-decrease ”, its decline ( 89—55mm ) in the range of 150—450m is due to the
evapotranspiration increase with elevation in this elevation interval, and evapotranspiration accounted for 80% of the
precipitation. In the 75—1150m range, the decline in precipitation with increasing elevation is the main reason for the
decrease in actual water conservation (from 130 to 88mm) in this elevation interval. The influence rate of the three water
conservation layers on surface runoff; soil gravel content (40.59% ) >litter volume (37.00% ) >leaf area index (30.21%).
High soil gravel content and concentrated rainfall in the study area facilitate maximum groundwater recharge, with deep soil
water leakage accounting for 20% of the precipitation. Significant water infiltration is beneficial for groundwater
replenishment and reduces the risk of soil erosion from heavy rainfall. However, the high gravel content of the soil causes
the soil water deficit (—1.61%/a). Decreased soil water availability may limit vegetation growth, and insufficient water
supply in the dry season may lead to the lack of ecological base flow in basin. Using elevation change as an indicator of the
warming and drying climate trend in North China, we found that the water conservation function of the forest ecosystem in

this area may weaken in the future, potentially increasing the ecological pressure from water scarcity.

Key Words: elevation gradient; water balance; ecosystem services; water conservation; soil and rock mountainous area
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Table 1 Stand structurealong elevation gradients

Tk R A s PR Aol PRFR o e 2
Elevation/m Leaf area index Density/ ( ¥£/hm?) Dominant tree species Important value
150—250 1.15 443 JIHE Robinia pseudoacacia Linn 0.28
250—350 2.26 568 A4 Platycladus orientalis 0.3
350—450 2.62 1010 ¥ B8R Quercus variabilis 0.3
450—550 2.97 1348 FLFAHR Acer mono 0.32
550—650 3.80 1753 ke 0.32
650—750 4.13 2444 M Pinus tabuliformis 0.41
750—850 3.15 1870 T B2 R 0.34
850—950 1.26 989 RliE/N 0.36
950—1050 2.75 427.5 FEMEHM Larix principis 0.56
1050—1150 2.49 659 LRI 1
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Table 2 Sample point information

KA ZH K Beim) Yo
Sampling point Longitude and latitude Elevation/m Slope orientation Slope/ (°)
A1) 40°3.692'N 116°5.609'E 200 PH 3% 15
B1(» 40°3.522'N 116°5.232'E 199 3% 25
A2 40°3.691'N 116°5.615'E 297 FH Ik 22
B2 40°3.523'N 116°5.243'E 303 3% 20
A3 40°3.694'N 116°5.611'E 410 FH 3% 17
B3 40°3.511'N 116°5.244'F 413 3% 19
A4 40°3.674'N 116°5.612'E 502 PRIk 27
B4 40°3.511'N 116°5.245'E 511 3% 25
A5 40°3.694'N 116°5.613'E 600 FH 3 21
B5 40°3.511'N 116°5.246'E 604 13 19
A6 40°3.694'N 116°5.613'E 698 [{5F":3 16
B6 40°3.511'N 116°5.247'E 702 I3 19
A7 40°3.694'N 116°5.615'E 800 [{5F"3 31
B7 40°3.511'N 116°5.235'E 808 13k 27
A8 40°3.694'N 116°5.616'E 903 {557 17
BS 40°3.511'N 116°5.249'E 897 13k 21
A9 40°3.694'N 116°5.617'E 1006 {557 25
B9 40°3.511'N 116°5.250'E 999 3 27
A10 40°3.694'N 116°5.618'E 1099 {557 21
B10 40°3.511'N 116°5.251'E 1105 3 25

(1) AI—A10: 2 T FHBEIIRE £ 5 (2) BI—B10: £ T BB AU RE

RS T — 6 STE 3K WE e & IR FC & EMS0 Bl RAE RS, e I 4 + )2 (0—20,
20—40,40—60cm ) IS K E IR LA TARKESIE SR 0 L b N A, X S A RE IR+
B BRI 5K, FH DA I e i A

FERFHRE S5 BT — A M R AR RN - K VR 2 15 T A D0 25 5, b & A8 3 DN 2R FH 1 1 ) B4 4 2m
Im /NG, T4 A E AN R, KR 2B IR R A A 11 EA2 60cm 15 80cm 11 [ & , 76 14 Hh 43 2
B A SRR A (U8 60em) | 42 FHC R ST, SR W25 B A A b 2877 3 i R 2 8 T
1.2.3  FEhiA

T 2018 4EF1 2019 4EAE K ZA H i L fp A, AL LAI-2200c¢ HE4 56 )2 20 B ASGI R 44 R s A - 1 AR
FREC(LAL) , FHEAEESIZEC SR 3 A, AR5 T 398 % A2 4 216 038 ) 7845 1 )2 B R BURCIR + 4
dnty B ZE DY R SRR R AR ER JIARE K 12h JERREE , THEA AR R, S T AR
A K PG X0 B BR A SR T AR A S R S i R R AT 10 S Tmx Tm /)N
FETT AR 2 00 i 2 TR T 0 53 IR | e SRHAS R E BB /0 B  2he M RS 25 1 (Bl Ik Ky 2K %)
7 1] 22 P IR o 3 0 R A P K
1.2.4  f5briT5E

HRAE 5 2K P A R MR S R MO = TR AT .

[=P-SF-TF (1)
A T AMERE R (mm) s P NARINERT R (mm)  TF ZEE R SF AW T 220, MOS# By fR ke

http ; //www.ecologica.cn



34 KA A b AT D RRARAE 25 2R G K IR 7 ) BE TR SR BE 19 23 [ A8 5 1243

Mm%mwg%ﬁ

B ElligsRA

Fig.1 Photos of monitoring equipment
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Fig.4 Spatial patterns of litter water hold and litter volume
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Fig.6 Spatial pattern of water conservation
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Fig.7 Changes of surface runoff along elevation gradients
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Table 3 Inter-subject effect test of influencing factors of surface runoff
11 28750 F

1R Class TIT A 5 Joint hypotheses P T B
Source wquare sum df Mean square st Significance Effect size
EIERA Modify model 0.001a 4 0 26.467 0
I Nodal increment 0 1 0 90.521 0
54K Elevation 3.43%x107° 1.00 3.43x10°  0.689 0.42 4.39%
T AU 4K Leaf area index 3.23x107° 1.00 3.23x107° 6.49 0.022 30.21%
FETEYIE B Accumulation of litter 4.38x1075 1.00 4.38x1075 8.81 0.01 37.00%
+HERR A B i Soil gravel content 5.10x107° 1.00 5.10x107°  10.2 0.006 40.59%
%2 Error 7.46x107° 15.0 4.98x107°
A3 Sum 0.006 20
fBIEJG 31 Sum after correction 0.001 19
x4 BBERBERNKETFERE
Table 4 The water balance characteristics along an elevation gradient
K [4355) FEHE/mm AR/ mm KR FEE/mm RHOKE AR/ % HZB IR E/mm
Elevation/m  Precipitation/mm Evapotranspiration Runoff Water conservation Soil water change Deep leakage
150 440 349.3 1.3 89.4 1.69 81.8
250 464.8 399.9 1.4 63.5 -0.23 64.5
350 489.6 421.5 1.8 66.3 -0.88 70.3
450 514.4 456.5 1.9 56 -1.25 61.6
550 519.7 431.8 2.2 85.6 1.75 77.8
650 525 411.6 2.7 110.7 1.67 103.2
750 530.4 397.8 2.6 130 -16.23 203
850 482.1 371.2 3 107.9 -12.6 164.6
950 433.8 336.1 1.8 95.9 -2.71 108.1
1050 385.3 296 0.6 88.7 -3.32 103.7
3 it

LA ST 3 FSTIL S351xd T R DR AR AR A RGN 3 UK IR SRR A TR T, 2 R R I
TR R WL A T ey S e i 2 A A AR, 7ETRR 1000—1500m 35 B e K, 3 G ARG P AR S R Ge ik
T BRI e B A R — B, (E15 52 PRk TR 7 i T 4 BE ) 22 A A7 A — € 22 5, — 7 ThT i) BE 2ty T8
PREGERIBTT ZANR] AR FE SN St e 5 R A 9 07 5K, 55 — D5 T, S AN TR) s 2 RUBE R K RCRR 77 i AO Y
WG AR AT R . A PTITIE T IR RKBE PR A K IR IR D REARAIE 2 DL+ S A
FE7K AR AR A3 SOK R IR, LA -3 IR K i 3R HA BOK IR 77 Y B9 0 v b 8 i K R e 57
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S5 HEKRE A — B 5 A MK IR TR DI BE A T B AL ST B, AN P AT Y5 40 | -39 1 K 0o 57
RS HAR R K R B AR )7 Ok 1 22 AT 2 1 X6 ZR AR R R 2 T BEE AT 204 B, A 8 o 2 40005 7K D 38
FRAE A K R IR S5 R A X 0, sl X = YV ) % 8 el = 38K U 5% Th B BB S 5 BE S 3R
bRy TIPSz A K B (75.2mm) A RE K & (50.52mm) KR FE B ((73.89+68.45) mm) , WFFT 45 5 B o
T = Z (Al 1 25 5 W AE ARG v, FRATT 40 0 A T R MR A 8 R G R /K T (R Rkt ) A S ok I
AT LIRS B 025 R A8k 45 R BoR —F AR S B E AR K5 (B 7) o 53 4h, 5 Wk 58 78 X R koK
DRI TR IR A 25 (8] 57 T PR HEA T 43 BT, S 2500 F s 7 400 V2% R 8 23 7K SO AP A 177 22088 T BAeE J2 A 7K D5 T
FEAE 16 TR FE AR 2 X R K A8 B R B RT3k 3] 509 L | TR 7R e AE 2R AR 1 /K V5T 5 B E et J2 02
ANH] Z AR F R ABIFSE 45 3R R E 150—1150m WK TG Bl N 454 2R B9 35K 1 BLRR BN . +3E2
(91.89% ) >MIEIZ (6.78% ) >HiTE W2 (1.33%) , i 3 RAEF FARS B 04 7K U506 55 I AR A5 21 Ak, X AT
TR IR Z — AR B 7E SPAC RGLFRIES A FEAHE T, T AN [ RO T R /K S A 1% R A 26 S i e 3 T

R+ 5T R X BT R K TR B e G O EAE RS R 10 5 NV e 78 Y
TNE K, B K8 R, S B0 o X A R P 8, 3 = AR AR At b X B S e st S 80 SR T Rk
DR TS FEARTETE T A S R G A R 750m [0 4R 150m o8 I 12t 8 B T AR
T T v AR K S0 | 33— DX R] A4 7K R 7 et 30— R R R BRI, A 0 L /A% 8 v T 4 X 1) AT Vg
DX Bt R AE A b b DGR ARk I B T AR 3, AR R IZ A 5% IX AR AR 25 22 40 1 7K U500 77 D) e A3 0 55 19 1T g, 7K
R Bl LAY A SR S B — 3T, Zhao P ST R A T R R A B RGUAERE (+2°C) SR MK T
it FLAR SR INAE X 1 A= i R0 - SN B 52 ), T B R T 15% W R /K MG 1 BRI s AR R 5 1 & 1Y
AR ZE I ZE BRI N | K A Bl R b X T SRR T R R X — X SR K A
AR BE A3 Y Jaivime ) ST BRI AT ST 2 R, TR X (TFIRAR < 1) AR K X iR AR
o) Rz A AT T R X (TR 5> 1) A HG T SE PR Z8 W B A DXk, 7 SR 7% 1 e A v 174 DXl 512 i 3 A
P M ARMAE S R G0 K, IR E K G AR 5 2R G0 2% W 2 T DX 5l 7K X R MR 7 e i
) CEEH 2

BRSSP EORMAE S A DK SCE R B ALE & A28k, Bl AR A S R G KB
A RE & A28 Ak, Everton ™ X 4 PG A A4 - 28 N ZRAK B BIF 9 205 SR 3 B, 1 7K W2 JEUR SR AR A1 000, AR bRxt
IKAT R AT RE A LA 3K kA 32 0B 25 A, 575 A 08 5 3% B0 40 A o 38 ] s ok ik v IROK 179 7 203K
o AR X R A O A AL 2 e R AR R XK T P B, K RT LM - SR
BEITRMELZE TR AR KK T UNE)Z 35085 B A PR (X A KB, T
HAE T2 T2 X, rTRES IR R K AL TR KU . T KA 2 ER 20 242 KIS IR K it 5 , %t 2% ot
SERAF W VF 22 X Sk G IR 1 pRAYSE i 2 B BRI Y A 2 T R TR X, H R KA A
TAILTAFARFIRMNG ) ARTSE X A 5 0 i | R A R R o, A TR B K e R R & A 38 b
Fo T MK, ELRR i R RN 2R R A A I b e P It OB AIE T R B /K 5 i A AR ot %) IS 5 1L 55— T
T SRR S EAAK Y KE B, RN A 1T BT B GA A B AR S I, [ B 58K 47 B
AR B K A3 RCPERE A, BRI A, 3 as (] F 55 4 PR A 4 T o M3 B IR AR R A5 4 AN R D fi
P — Al Y ik 22—

4 #ip

(1) 7E 150—1150m AU N, BRARAZS R GE 1R K T A e T - 3 R 1Y 257K BE 7 (91.89% ) , Hi
VPR T i AR SR B — 1 B8 356 14 170 e B T S B K VR e 7 i 1 AR AR W AN & 2, HLAE VIR 450m b dR /N
(55mm) , FEHFHR 750m Abik B ARAE (130mm) |, KSR B 7E 150—450m V3R P9 T B2 PN DIZERICH 3=
S 3 K A3 i A 3 — T DX ] BE R 4K T 38838 5 76 750m—1150m {34 30 98] PN 8 7K 2 34 T v i i 2>
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34 KA A b AT D RRARAE 25 2R G K IR 7 ) BE TR SR BE 19 23 [ A8 5 1249

AR S ZR GE K 0 R DR A B T 3 — VA $A DX [ K 5T 5 ) e Dk

(2) LAZEBCR F 2B X MK 50 5 R Y 80% , 1330k IR 208 i o B /K B 19 20% , 38 7 i i
WNFEATT g AT = ROK ISR IR FH S MO0 2 7 L B 2 MR 30« 3Bk AT 5 4 (40.59% ) > 4l v ) 765 7R
1 (37.00% ) > AR %(30.21%) o

(3) WFFEIX SRR A 5 Bt ey e 4R v R i AT R T R K B R BR B e A= 8 A 3E 1 M R UK, EL A o
ek T < R B i e ) Ml 7 A R ORI 1 R R/ 5 | 2 AR o Ay XU 5 1HL 5 — D T, - M 9 s A 55 6
AR K KA T B3 K T 5 R (- 1.61%/a) , IR RN T R BRI BUE K, R BOKA R 7]
AE-T BN 1 A AL
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