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Effects of forest thinning on water yield

IKIR A AT S T TR DR

il WEHIR  Dr. WHITAKER Andrew
B MK (LAY ATV ADK)

As water shortages become more severe in some regions, attempts are being made to increase
the water yield from drainage basins by manipulating vegetation. Methods used include
thinning, clear-cutting, changing the tree species, and structural alteration of existing stands
(Dunne and Leopold, 1978). As little as 15% of the basin area (or basal area) could be harvested
for a measurable increase in annual water yield at the basin level in the Rocky Mountain region
(Stednick, 1996).

EKICZR 5 &, HIHIC X o TR X VL WiRPLic R 2 0T, G HEAEERE (F
ZMZ25) X oT, WHROKE»LABEZHME 22X L0303 0TS, Hbh
577k e LCid, [ifk, Bfk. B, By OfHEZs % & € (Dunne and
Leopold, 1978), Rocky Mountain #J5 T, JilsaitE (H 2 W IIMAROILERIET) ©
bIh 15%EE O (Bk) <. WL~ O ER O KIFI#E ORI AFHIC
%72,

Forests play an important role in moderating the water circulation in basins. Forest cover helps
to reduce the severity of flooding, and may increase soil water and groundwater levels to reduce

the severity of low flows in summer. However, the total water yield from a basin is reduced
by:

e forest evapotranspiration (especially in summer season)
e forest interception loss (especially in snowy regions)

R, TR B 2 KIER 2 REN & & 2 EE A &E 2 173, ShgE (L
@7?7{) I, BOKOWL T 2O T L 2T, HoEiL WEKGEE (8K) %
L7z D LUK EHT KN (FE) BN T 57255, L LA, Mo b
— Z NV OKFEEIL. AT ICX o THS -

- RO ZETER (BED KL D b ZKHY LIEPRIE 2 5 D 2kF)  (FRicE)

- RIC X 2Rk ofiiteiEk (R Bici D 2 aTofEIc X 2 Hie)  (Fricke
Efi4=9)
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Reducing forest density (thinning) may be desirable to reduce evapotranspiration and
interception losses, and increase the water yield for downstream water users (e.g. agriculture).

RO AREZEEZ MO 3T & (RIR) 13, ZBFREEMIRBELZHS L, TioKF]
A (B¥%4Y) O00KFEHEICIIFELWES S,

Due to uncertainty of our knowledge of soil shading, regrowth, rooting depths, and other
variables in the cut area, it is not possible to calculate directly the amount of extra streamflow
that will result from thinning (or clear-cutting). However, there is a large amount of empirical
evidence about the increase in runoff after forest cutting in various regions of the world (Fig.
6 and Table 4, Kubota et al., 2018).

TEowgE (HE2) . (Fk#Eo) HEERE, Ro®Ex, 2L, &R (#&) Hic
BF 2 Z DO ERICOWTOFKA OHEKIT (W& Looic) L TlERwo
T, Mk (BH2vI3Ek) ofRe LComBRMAERRE T 2 2 Lid, AT
BV, L2 LAass, RO X &% aikic s 2 ki (%) %omE
DENNC DT, % < OFREERI 72 5ELA3 B 5 (Fig. 6 and Table 4, Kubota et al.,
2018) .

In snowy regions, it is desirable to maximize the size of the snowpack, and also as much as
possible to delay and slow down the melting of the snow. Forest structure and density controls
not only the amount of snow interception loss, but also determines the energy balance of the
snowpack and the melting of snow (Figs. 4 and 5, Murakami et al., 2015).

BT, Y OR%) OREMAMLT 5T LA, F7. WHERIRY M &I
FEIT L, BOE LD E Ly, MG (ROKRE I PHERDOE PR
DilEE) LHEE (RMAHES 720 oA oFEMIT, Ehdic X3) Hoffiidic
L2BREDALLT, BELMEBEOLANLF -7 v 2% R % (Figs. 4 and 5,
Murakami et al., 2015),

Regional forest restoration efforts have tried to enhance snow accumulation and retention for
increased groundwater recharge through forest thinning treatments. Snowpack at treated sites
appeared to persist longer into the spring season with potentially greater contributions to
groundwater recharge (Sankey et al., 2015).

Hulsk ) e M AE D B 13, Mo 2B L <, BEEZ2HENE e, #H{inL
FH T K~OFHEYRET 2201, RabhTxr, (HFHEEROZHD) L
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Kubota et al., 2018:

300
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= 0O Mixed hardwood
. A Pine
é M O X Eucalyptus
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S 100 }
- i=
© A "
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0 l'{l i 2L 1 x
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Reduction in basal area (%)

Fig. 6. Relationship between reduction in basal area and
mean increases in annual runoff following uniform
thinning in previous paired catchment experiment
studies and this study.
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Area

Catchment
tha)

M. Andrews, Oregon

HIA-T 15

ard sl 1s

Vegetatic

LisA

Douglas fir; unaltered voleanic lastics

Coweetn, North Carolina, LISA

19 o8

41 29

Femnow, West Virginia,

2 15
3 6
3 34

Alum Creek, Ark., U8
WwWs2 |

Covate Creek, Oregon

(& e | [

Heaver Creek. Uah, U
17 121
8 730

Mixed hardwoods; granitic origin, decply
wenthered sandy clay lonm up 1o 6 m

IREERR
LISA

Mixed hardwoods; sandstone and shale,
stoncy silt loam, 1< 1.5 m deep

IRZERA

A

Pine with hardwood under story; stoney
foam sails 0.75-1 m deep

LUSA

Drouglas Tir; mixed conlfers, well-drained
gravelly loam derived from breccio parent
material, 150 em deep

SA

ponderosy pine; voleanic basalt, cinder
parent materials, stony clay loam and
stony siit loam, less than | m

Description of cut

1974, shelterwood cut

1949, understory cut

1955, selective cutting

1957-1938, trees vver 43 em DBH

cut

1957-1 958, 1rees over 2K em DRH

cut

1957-1958, trees over 13 ¢em DBH

cul

1970, thinned, under-growth killed

by herbicide application

1971, shelterwood cut

19691970, overmory cut

19741975, overdory cul

Reduction

Muean annual
precipiution

(mm)
2190 Bl
2001 22
2009 35
1500 i
1473 0
1 500 13
1333 45
1229 S0
722 77
Td4 i3

Runaf¥ increases by yvears following thinnimg (mm)

2nd

s Jrd Ath Sth mean
(R} 243 1 211 al 181
101 61 o 20 37 57
Avernged S5 mm per year
25 64 45
25 1% 23
-3 # B
107 &1 L1 58 T8
B0 Laverage over 5 yr.)

ol 5K 53 a8 43 1
70 6l 52 42 12 51

[References

iy

(2)

(3]
16)

(1) Harr et ol ( 1982) (

2y Jub

n and Kovner (1956), (3) Boscl

nd Hewlett (1982}, (4) Reinhart ot al. ( 1963), (5) Harr et al. { 1979}, (6) Bake

Mackay (2000, (10) Lesch and Seot ¢ 1997, €10 Ozyvuvach et ul. (20043, (12) Dug et al, (2012)

Table 4. A summary of worldwide paired catchment experiments on uniform thinning effects (continued).

19867, (7 Ruprecht et al. {1991 ), (8) Stoncman { 1993 ),

@y Lane and

- Area i 2 : = < Nlc:m unn:u:ﬁ Bﬁ"i“ﬂi‘m Runofl increases by vears following thinning (mm) -
Catchment Vegetation and soils Deseription of cut of basal arca [References
(ha) () %) st nd rd 4th Sth mean

Western Australia

Hansen 80 Eucalyptus with small-leaved 1985, thinning 1300 74 65 129 £l 166 n
selerophyllous shrubs understory;
duricrust and fine pisolitic gravels,

Yarragil 4L 126 Eucalyptus; lateritic dricrust and lateritic 1983, thinning 1120 (%] 4 3l ] [ 48 20 %)
gravels
VA1

Ta galo Creek catch Southerm Australin

Willhah 856 Eucalyptus mixed forest; shallow loam- 1989, selective thinning 1100 12 140 (converted to yearly unoil from monthly (1]]
clay-loam A horizons overlie deep sandy deviation of total streamflow over 52 months)
clay loam to clay B2 horizons, 0.9-2.0m
JRZERIPR

South Africa

Biesiev 172 Pinus mdiata plantation; deeply weathered 1964, 2nd thinning after Ist thinning 1427 18 L 29 42 25 {10y
Cape Granite, wish shale lens, overlying in 1954
sand stone

Belgrad Forest, Turkey

w 775 Oak and beech, mixed hardwood; 1986, standard individual selective 1091 1 3 (average over 10 yr) ()
carboniferous clay schists and Neogene cutting (i volame)
loamy gravelly deposits
IRZERR

Japan

M35 035  Chamaecyparis obutuss; Cambisol soils 2006, thinming 1732 43 320 162 241 (12)
ranging from 0.6 1o |8 m, underlying by
schist

Hv 0.88  Chomaccyparis obutusa; metamorphic 2009, thinning 1685 22 38 147 =25 9% This
consisting of schist and amphibolite, clay study

loam derived from voleanic ash

(1) Harr et al. (1982}, (2) Johnson and Kovner (1956), (3) Bosch ond Hewlett (1982), (4) Reinhart et al. (19633, (5) Harr et al, (1979), (6) Baker (1986), (7) Ruprecht et al, (1991), (8) Stoneman (1993), (9) Lane and
Mackay (2001 ), (10} Lesch and Scott (1997), (11) Ozyuvaci et al. (2004), (12) Dung etal. (2012)
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Murakami et al., 2015:
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