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1. &M OKIFERFRE” BE, BIFEMTEEE (What is SYHY?)
2. WHMTERBRAARE “OKIRERTE” FERFIZRA “KIRS” Th

B%? Functions vs Services

o WL, BEOER)MHE (EB-ABBEER) Flood
reduction and low flow regulations; ET-
Infiltration Tradeoff Hypothesis (Dr. LA Bruijzeel)

« “OKIERFE” 1EHEHRMAKIRS TIEERI X )
3. WMEALFRM “OKIRIRFE” fEAHSEH] (Quantification)
o XFELIRBIM (Paired watersheds)
o R (HEBS/EMD (forest cutting)
o Wit (B 1L AEKED (urbanization)
o BEDIKIEBEIN A BRBEFMAKSCHTIEA (modeling)
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HE AN What do we know?

Bk KURIETE” MR 1M i Ak
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Wi (debate)
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. FRMOKIRRFE: JHEEN # BOKEIN (SYHY # flow increase )
. BMKIRRRFR # ZMMBFREWG I (not always increase in lowflow or

baseflow)

. FMREBE AR R R1E A KA (ET under estimated?)
. FRAR OKIRIRFE” KRR “K” RETIEEIRE. FIHE X . (abenign

concept)

ARITE

. BUHRN KERRE” EHRES RS K REIgermPhER (challenges

In quantifications)

“OKIREFE” BIXHMIESCE BB (English term: sponges, retention,

conservancy, preservation, pumps)
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Encyclopedia of Water Conservancy in China
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SYHY Concept: the Japanese Defininition

The “legal” term KJE;®E was first appeared in
1897 forest law, as one of the categories of

“Protection Forest System”. “In academia, even forest

The Japanese Government adopted the hydrologists, the definition of the

definition of the term JKj&;&%& provided by the term /KJE®E is not yet uniformed.”
Science Council of Japan in 2001. The KjRFE
consists of the following four sub-functions

(services). Other researchers define 7KJE;HZE as
1. Mitigation of flood ”Preservatlon of Wate_r rfsources and
2. Preservation of water resources Control water quantity” only.

3. Control water quantity
4. Water purification




Triggered Debate on Role
of Forests in China

KIT AR AR kR ?
(Will Yantze become 2n¢
Yellow River?)

“FERITEA S (Civil
War with Foreign Guns)
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Controversies Everywhere!

REPORTS

D e vecer or Carbon i

Biological Carbon Sequestration

Robert B. Jackson,’* Esteban G. Jobbagy,’ Roni Avissar,?

nEbatE 'nver ﬂﬂd- Frnﬂfi ng Somnath Baidya Ruy,3 Damia1n I Iix'alrna'l:t,4 Ch'arlelsj W. Cook,’
. Kathleen A. Farley, EDa:ﬂd C. le Maltge,
Eﬂects n.f pla“tlng fn r-ests Bruce A. McCarl,” Brian C. Murray

lan R. Calder®, James Smyle§, Bruce Aylward:

“Centre for Land Use and Water Resources CLIMATE & ENVIRONMENT

Research, Newcastle University, We have too many pines and it’s not a go
Hﬁw‘:aﬁtlﬂ NET Tﬂur UR helped repopulate the country’s barren mid-hills but they coul
Ml = h = y Pine {rees might have helped repoPt ‘

L] St B BN el

od thing

d also have led to springs dryin

g up and reduced

“...the pine forest has triggered an overwhelming
reduction in the net recharge rate. So, it is clear that
the most potent and the most devastating agent for

the depletion of natural water resources are the pine
Trees suck! forests”




ET is important, but Do Not forget the Soils!

T |- International Hydfology seriés

~ Forests, Water and People

in the Humid Tropics

Past, Present and Future Hydrological Research
for Integrated Land and Water Management

Edited by M. Bonell and L A. Bruijnzeel

Agriculture, Ecosystems & Environment
Volume 104, Issue 1, September 2004, Pages 185-228
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Hydrological functions of tropical forests:
not seeing the soil for the trees?
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Forest and Water on a Changing
Planet: Vulnerability, Adaptation and
Governance Opportunities

A Global Assessment Report
Editors: Irena F. Creed and Meine van Noordwijk

Cartoon of a pendulum swinging between three public perspectives of the key
forest-water relations

e

Blue vs green
water tradeoff
"Tree water use com-
petes with streamflow,
hydrological functions
depend on scale”"

Paradise lost
"All problems of too much or
too little water are caused by
deforestation, tree planting is
the universal remedy"

Full hydrological cycle

A (seasonal)
Leaf Area
Index

The combined effects of
trees depend on loca-
tion; water use means

cooling + recycling

A Surface litter,
sealing

A Macroporosity

formation

A Rooting
depth

A Raipfall

P
-
-

- R S
:\’ It depends (e.g., more trees, more rain elsewhere)

. ~
Source: Authors' own elaboration ~.
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Blue Water
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% Water Yield Decreasq
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Revegetation in China's Loess Plateau is
approaching sustainable water resource limits
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Time and space catch up with restoration

offs
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+ See all authors and affiliations
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Science Advances 31 Mar 2021:
Vol. 7, no. 14, eabf8650
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RA%  (Paired Watershed Experiments)
T, REBHIRH

yi¥

- “E—RE” Siitik (“Before and After” statistics, Double

Mass Curve, Climate elasticity, ARIMA) E4t18
Xof 7K SCHI RN E

« FKICHEE

 Budyko framework (‘Zhang Curve’), SWAT, MIKE SHE, WaSSI,
DHVSM,

-2

il (Ecohydrological modeling)
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Paired-Watershed (from Hewlett, 1969,1982)

T T

C C
Measured
‘ Qt
T Qt 1 L. _ Treatment
Podisat Calibration Qt =f(Qc) Effect (Qu-Q,)

@ :

o Predicted
: (Q)
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The “Paired Watershed” Experiments to Understand Forest Hydrology

(from C. A. Bolster)




First Year Annual Water Yield (i.e. ET) Responses to Forest Removal
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Annual Water Yield Response to Forest Cutting
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F|OW distribution Effects of forest removals on daily flow (UF1) (2011-2015)
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HJ Andrew, W1 (1952-1966) HB, W2 (1966-1970)
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Storm Volume
(Peakflow)
Responses % to
Forest Removal
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Bathurst et al., 2020. Hydrological Processes
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FRAR vs T /D RBIK

Extreme Disturbances
Unpublished data




L
10 Urban-Forest Quasi-Paired Watershed

Raleigh
Atlanta

Pair waterhseds

@ Urban watershed
@ Forest watershed




Runoff (mm/month)

120 -

100 -

FAHR vs 3T /AMNRBIKSC (Unpublished data Sun et al. 2023)
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Urban watershed

Forest watershed

Pump
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Flow (month)

Seasonal Flow Patterns (Forests vs Urban)
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Mild winter
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Cold winter
cool summer
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Daily Streamflow (1997-1998)
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Modeling




Sunetal. 2023 FEM

STANFORD (Crawford and Linsley, 1966)

TOPMODEL (Beven
and Kirkby, 1979)

HSPF (Bicknell VSAS (Bernier, 1985)
etal., 2005)
PROSPER
(Goldstein et
al., 1974)
1960s

USLE (Wischmeier, XinAnliang
and Smith, 1960) (Zhao, 1980)
Budyko (1958)

DRAINMOD
(Skaggs, 1978)

BROOK90 (Federer, 2002)

ANSWERS (Beasley et

al., 1980)

PRMS (Regan et al.,

2018)
MODFLOW

(McDonald and
Harbaugh, 1988)

MIKE SHE
(Abbott et

al., 1986)

SiB (Sellers et

al., 1986)

WEPP(Elliot et al.

2013)
HYDRUS (Garcia-
Prats et al. 2016)

SWMM (EPA, 2017)
WYRC (Douglass, 1983)

SCS-CN
(Tedela et al. (2012)

VIC (Liang et al., 1994)

PnET (Aber et al., 1992)

3-PG (Landsberg and

RHESSys (Tague and Band, 2004)

DLEM (Tian et al., 2005)

WaSSI (Sun et al., 2011)

Waring,1997)
SWAT (Arnold et al., Forest DNDC (Li et al., 1992; 2005)
1998)
KOMATSU-ET (Komatsu, 2020)
FLATWOODS
(Sun et al., 1998 FORHYCS (Speich et al., 2020)
a, b)
DRAINMOD-FOREST
(Tian et al. , 2012)
1990s 2000s
SAC-SMA }I(\slscils-l Z:I :lo 2020)
(Burnash, 1995) ! v
WaterWorld (Mulligan,

SPARROW 2013)

(Smith et al., 1997) i-TREE Hydro (Wang et al., 2008)
BIOME-BGC TETIS (Vélez et al., 2005)
(Running and Hunt, CCW (zZhang et al., 2016)

1993) MC2 (Kim et al., 2018)
DHSVM (Wigmosta et al.,
1994) HYLUC (Calder, 2003)
WAVES (zhang and

Dawes, 1998)

TEM (Melillo et al., 1993)

INVEST (Sharp et al., 2020)

ﬂlsng ET Curve (Zhang et al., 2001)




Spatial scale

Region Global

Basin

Stand Small watershed

VIC (69)
MC2 (27) Budyko
SiB (49) (F;g:;e""“k
WasSl (25)
SWAT (498)
TETI
21, MIKE SHE (46) INVEST (173)
MDMC (4)
HSPF (58) PRMS (12)
FORHYCS (1) RHESSys (77) SPARROW EMDS (22)
WaterWorld  (96)
WEPP (133) SWMM (23) (20)
ANSWERS (55)  \wavEs (16) DHSVM (128)
HYLUC (9) BROOK90 (51) Forest-DNDC (34) L
SCS-CN (99) i-Tree Hydro (25) DRAINMOD-Forest (9)
HYDRUS (126)PROSPER (3) KOMATSU-ET (3) 3-PG Hydro (50)
>
Event, Hourly Day Month Year Multi-year
mean

Temporal scale

36




from Forests to
Faucels ok s kkL? )

Modeled with the WaSSI model

(A) Streams by proportion of water from forest lands

f e SN
Ark: -White
: ‘?L f-"szzr"'/ap §@§\\; >
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Streams and Rivers
% Water from Forest
0
>0-25 }
— 26 - 50 0 150 300 600 900
—51-75 N N W
— 76 - 100 [ water Resource Region -
(B) Forest ownership type /T, tal h N
ota
Federal State Local Family Corporate Other private Tribal ,/ \\
Area (%) 11.0% 33% 0.6% 13.2% 5.9% 0.6% 1.1%| 35.7% 1
Water supply (%) 144% 48% 09% 18.5% 10.0% 0.9% 0.6%y 50.0% I,
\ 7 Population
N\
~__-7 °  26-50,000 -
- % of water

from forest lands

O 50,001 - 100,000
O 100,001 - 200,000

@ >=50%
Q 200,001 - 1,000,000

© <50%

Liu N. et al. ERL, WRR, 2022



D
AR “WF/AKIE” Future Research

1. FH—/HFM OKIFERFRE” € X W EmIIER . Flow regulations?
2. MRMIEME T BN B - B SAE, 3, MRS E (Thresholds of ET-

Infiltration trade-offs in space and time)

3. EALBRMOKIERFERSA], RPERN: gk, 4R X5 A FE7K 5200 (Scale effects;
downwind water supply, dry season flows

4.  FRMOKEPEXURABMERE () B8Rl (co2, WMARLL, Kk, EHED 2, M
DA [FIAE MR ET S FL2H A% (Management effects on ET)

5. NsRKEAE AP, AEAYISE (Nee more field data to test hypothesis and models)




eathy Forests are Sponge + Pumps
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Reforestation
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Deforestation
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Urban
(Very Low ET, low Ks)




Peakflow

High peak flow and lowflow, and water
yield, but low/high baseflow

Moderate peak flow, baseflow, lowflow,
water yield

p+ N

- Moderate peak flow, baseflow,
lowflow, water yield

Low peak flow,
baseflow, lowflow,
and water yield
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