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On accurately defining and quantifying the water retention services of forests
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Abstract: The beneficial functions of forests to protect and stabilize source waters, °reducing floods and augmenting low
flows’ , are termed as ‘Shui Yuan Han Yang’ (SYHY) in Chinese Pin Yin and “Soo Won Ham Yang” in Korean. The
term in Chinese characters first appeared in the forest legal documents in Japan in 1897 and formally adopted by the
Japanese government and the scientific community around 2001. However, the SYHY term is much debated in Japan. What
entails SYHY is poorly defined and has been largely ill-interpreted in practice of forest ecological restoration in China. To
many, the perception that the increase in forest converge increases water resources including low flows persists, resulting in
concerns among scientists and practitioners. This was not surprising as the forest-water relationships are complex and

variable, and how forests affect the hydrological cycles at multiple scales have been under debate globally. This commentary
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attempts to tract the origin of the concept, the definitions, and causes of controversies, and explores how to best use the
concept for guiding forest restoration campaigns in China and beyond. We conclude that SYHY services should consider
forests role in both improving soil infiltration capacity and elevating water use by forests when evaluating the effects of
vegetation-based ecological restoration. These two processes co-exist in influencing high flows, low flow, and total flow in
forested watersheds and affect SYHY for a particular forest. We stress that forest hydrological functions are not SYHY
services, and so they must be assessed separately with consideration of human water needs under different socioeconomic
conditions. Different strategies in watershed management developed on forest ecohydrological principles are needed to

achieve forest SYHY goals.

Key Words: forest; water retention; evapotranspiration; runoff; eco-hydrology; ecosystem services
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Table 2 Mechanisms of forest hydrological functions and water retention services

ARMOK S EH P ERSH Ik
Hydrological regulation effects of forests Mechanisms Main references

AR 1B 19 ] PR 2 JAR AR Gl THFBREZ K 2%
Forests reduce air temperature and fix carbon while

consuming water

PO INTINE WY/ S RO Y S S

T BRARAR R B A W B R T sl AR A K
ek Sz S M AR v S TR, R PR T 7 [ A
AT Mk,

BMRZAL THOY R 2 B RIS R X

[57, 60, 71—72]

Forest watersheds are ¢ water towers’ HEKE N TR s ZEHE /N S PRI = et i [73—74]

TR AR (CELAE SR PR A (R & BLAR AR ) 253

InbFRARGE | U0 B AR IR R TR NS D ACERAR AR SRR AR AR 1 (1R g v R A, 4 v b

L SR AR ST ) Bl MR RIS RE T, S 8Ul [64, 75—78]

Removing forests increase overland flow, peakflow, total ?7](%[‘%%@7][](&%:%,2)ﬁﬂﬁﬁ&h(jﬁ,ﬁgff{ﬁ/ﬂﬂg) °

flow, but may decrease or increase baseflow

AR PR BRARTT B S0/ A s A s M . “ e e

APPRAPSLARI TSI ARARMEREIE sy mo o Bt B, KA 500K 026 4000

rcf(jlr::station or forest restoration decreases or no causes no 1Hﬁé(ﬁ§ﬂﬁﬂlé&ﬂ:@%ﬂu5 E/J;B'jﬁ*ﬁ(’j{{'to (i#ﬂl%fﬂ%{;ﬁ [68’ 78779]

' it AR AR B R T e M R AR

effects on total streamflow flow or baseflow
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BIX T &, 5 DX K i 2 R 2 800 T AR 28 8, MOmi 423 [61, 80]

Effects of forests on streamflow are more pronounced in AL,

dry regions

TRV K S R R B RRbR G b s A i A " ‘

SRR T TR ISR ORI i e SR RO KRR
Y species, age, Y% 3 G/S WA & yistiin o

forest structure
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Plantation forests consume more water than native forests [84]

under the same environment
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Hydrological regulation effects of forests

Mechanisms

Main references
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Growing season soil moisture content and groundwater level
in forests are lower than grassland under the

same environment
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Within the same preciptationshed , forest change upwind may

affect precipitation and water availability downwind
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[29, 33, 67, 72]
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Fig.2 Illustrations of forest/vegetation effects on watershed water yield at hourly (A), daily (B), monthly (C), and long term (D) time

scales under various soil disturbance degrees
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Fig.3 The distinction and relation between hydrological regulation effects and water-retention services of forests

TEBTARAEM T R I, FEH AR TARS U0 1 3t R KR (B4 o 1 R 3ER BRI B A St !, A A
FELBORIE AT, AR R X, ARMRK S R A AR SR AR R R KRN A T B AR e R R AR
LR T IER RS Y AER A ARG I R AR I LI S AR D X S SCRR 2 R T A T A 2
FLOR CAn e As g , vk gk ) S T (ki Ak, /K R AR ) 5 B0 5 Ml ) SRR 388Kk SOOI 17> 27 sl A 740 A6
FUSIHT ) AEAEBEIR A SR 4 1) B 5 R AHLEE b S 2 2 AR T N 4 5 AR I R G R

FRARAR A RE ] I 39 2 4 2 ) BT A K SR 55 75 5K, AR RE W it~ o e AP, I8 BE B K DR LA
ARV, — B 2 AR AL RE M 3t 25 A AR AU AOK SOIR S5, I 2R D RE 22 ) T BEA AL DG R, 2
REAEML AR R ARLNE R, P A AR S 2L A DX E] B X B, L AN AR MR AR R K 22 i 23 L3 e AT A T
FTAB TG L2 Btk AR, XA A 45 B9 AR 55 5 (RS 84 0 Bk (JC A bR ) 2 DR 28 B o i
U/ MR KRR 5 R AR T e 2 R, AN TR K 22 4 SRR S LR e Agt T Y IR,
A RARABAG R 272 FIOK R T I 06 S R g A2 2 SE B Bk P R 2 XK 22 4 A A A ST =2 i fY
[ R, Qe 7 AR AT 5% R HEA T AROK D4 B R T

5 ELHFRMEKEFEZIRKEBRFINENEERT X

MRS AE -5 K TR IR R 55 DI RERI G R AR, AE P BRAMOK IR TR A T, 1 e 50 AR R
IMZE RS R HE A BRI G AT, A 40 R AL ZR AR B0 450 S A% J=) Q] S I 2 BUFE K (PR A B
(M RoKANE) A BOKBhAS AR (B MHK FE) T AF i A | RIFEAN R )OS _E A AR R oK -8 20 7072
PRBISZE , 435 AR BT BCEBOMR Y B AR I A B A T 5 AR R 27 5 AR, 0 BOR K -7 2 704 P
AL HE 2 SR WK SO REAS AL EAT X L, S AR AR K SR 4 FH AR /K DR 5 1 55 3 S B i 7 ) 45 R
BA SRIF s Z A At e 2 Tr MBS 507 . BRTIRIE , ASSOR T H S AThe i AL 2R pRAs 9 £k
Xt AR A7 A O B P )AL S P A A R R

A E b R ARAR A 7K P S Y i A AN ST B A 2 56 AR AT S B (3% 3) , PSS
9 BARTT A AL GE R ORI S0k R B — G e WL P 9 12, A AT e st BRI 4R BBE A AR AR K SC
SARIR A A 7 B BCXT /NSRS 5 10 5 — ik B TR A T AT R RIS TR 510 FEF S BE X
T 2 [ B B AT SE DT ik AR R 2 ) TR IE Budyko S5 ERIET 1 Al A% X 43 HY ARARE fL 1Y

http ; //www.ecologica.cn



134 PINPE] 45 R B R AL AR OK IR R D BE 19

S (EAUANREPEO AN AR e I | e AR R T RARIR AR . AN, T AR UK SO R BE X
AN FE L R L HE R B 7 ik H AT A AR, R T A BEAR AL AL REE T A9 AR MK SCERETI
g =

R3 BURNIIKETERMIKEEFHERTSE

Table 3 General methods for quantifying the influences of forests on water balances and water retention
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Fig.4 Hydrologic models used to estimate water balance and quantify forest water retention during the recent 60 years! '’
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