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Modeling canopy rainfall interception of a replanted Robinia pseudoacacia forest

in the Loess Plateau
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1 College of Resources and Environment, Northwest Agriculture and Forestry University, Yangling 712100, China

2 State Key Laboratory of Soil Erosion and Dryland Farming of Loess Plateau, Institute of Soil and Water Conservation, Chinese Academy of Sciences &
Ministry of Water Resources, Yangling 712100, China

3 Bureau of Water Conservancy in Lvliang City, Lishi 033001, China

Abstract; Scientific understanding about the effects of afforestation on the water balance in catchment areas has been
significantly enhanced by studies on the interception and evaporation of rainfall. In order to reduce severe soil erosion on the
Loess Plateau, a policy of reforestation has changed land use from cropland to planted forests. However, this has been
found to lead to a reduction in water yield, partly because of an increase in loss through rainfall interception by the forest
canopy, which is of critical importance to the water budgets of forests. The Gash analytical model has been widely used
throughout the world for estimating rainfall interception by the forest canopy. In order to verify its applicability to the Loess

Plateau, we compared the modeling results of the Gash model with those of field data collected from a monoculture Robinia
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pseudoacacia forest stand in 2009. The studied Robinia pseudoacacia were located on the north-facing slope (24°) in the
Wangjiagou Watershed, which covers an area of 9.1 km®, near the city of Lvliang in the north of Shanxi province, China
(N 37°33’, E110°09"). The age of the Robinia pseudoacacia forest was 30 years at the time of the study. The mean tree
height was 10.8 m, the mean stem diameter at breast height was 12.4 cm, and the planting density was about 990 trees/
hm® with the coverage being 0.76. We studied the principal components of rainfall interception loss and estimated forest
structure parameters, including the mean evaporation rate ( E ), the canopy storage capacity at saturation ( S ), the free
throughfall coefficient ( p ), the rainfall fraction diverted to the trunks ( p, ), and the trunk storage capacity ( S, ), by
using the intercepts and slopes obtained from regression analyses of the measured interception loss, throughfall, and
stemflow versus gross rainfall. The results showed that the total estimated interception loss during the period of observation
was 8. 2% higher than that calculated on the basis of measurements of the gross rainfall, throughfall, and stemflow.
Compared with the previous studies in other ecosystems, the performance of the Gash analytical model in the Loess Plateau
region was reasonable. Sensitivity analysis indicated that the canopy interception by the Gash model was affected most by
the canopy storage capacity at saturation ( S ), the mean evaporation rate during rainfall ( £ ), and the free throughfall
coefficient ( p ), while interception was neither sensitive to trunk storage capacity ( S, ) nor to the rainfall fraction diverted
to the trunks ( p, ) since these two parameters only had a small effect on the total interception. The good agreement between
the estimated and measured values indicated that Gash’s analytical model is suitable for estimating interception losses in
forests on the Loess Plateau of China. This study will contribute new information about the applicability of the original Gash
analytical model to a new geographic location. It is predictable that, in the future, the area of planted forests will increase
rapidly due to the government policy of converting cropland to forest on the Loess Plateau, and our study will provide forest
plantation managers with valuable information for estimating the interception losses and assessing the hydrological impacts of

land-use modifications.

Key Words: Gash analytical model; Robinia pseudoacacia forest; canopy interception; free throughfall coefficient; trunk

storage capacity
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JEER BRI T IR A R Penman-Monteith 28058 BRI BA S, REAS A 3150 A A9 A [R] 201 23 4 g 7
JOIE) A R 457 1R RO BB ARG o Rutter A4S A 5 H 5 10 FH 28 6 LTS oA Ak BB i 8 B R0 A, e il T 2 3 22
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AR AL N TR LA X - fs N AR 938 P 5 E A 4 R XN TS %
B W PR AR WL A THARIE o PRI, A4S S 3 0F 38 - v Jirt e e V) AR DN T SRR AR e T A A 19 1l 9 i 5, 1 o
N TSRS 686 TR 19 -0 B AR AIE 4 2 R H Gash A7 N AN T RAR MR B (4 A0 S50, #5835 Gash B
RUTE 4 Jf T XN AR 03 FHAR B, DA 3 A IX B A /K SGE R S i LR 5 R AL RS AR B
1 HREXHER

I T H R E R W (ARAR 110°097 J64i 37°337) B B R X 4 km, S = I FRsRAb )13 52 3%
LRI — A WA 9. 1 km®, J& ¥ - Fe bR VA AR X 4K IR = 1330 m, 31K 1000 m, +3E2AI 204 58
ey LRG| S T TR T SR 3 AR i TR 663. 5 hm®, (5 TSR ATAR Y 72. 9% ; 145 £
FBAE TS T, AL 246. 5 hm? | (IR AR AY 27. 1%  Jidsm ML il g iy KBl vE = XS, BT
B2, R, KRG0S T, &3 9808 B 38.9°C, e RA-27.2 °C 4E¥H 8.9 C,
>10°C BN 3298.3 °C, AR5 H BERT 4L 2592 h, LFE I 150—180 d, 4F-FX Xk 2. 1 m/s, &HFEZVEILK, H
REARFNR, HE 40 ZFSZMTERE, FLIRAFE IR K & 479. 2 mm , K AR R AR FR AT P9 43 FCAS B 2 A it d8 9
KA FHH R AENBKEE TP TE 6—9 A 0y iZIRE K i 29 L AR K B 1Y) 72. 5% 5 A B R B 7K B8 756. 3 mm
(1964 4F)  4F /KR 230. 7 mm (1999 4F) , AEMZ8 K5 1850 mm , Jit 3 PA) 1 iy 4 D s 06 e 3R o
ROmMBAERRG ™ EiR, FRIRA KR RAEME G FA L 10% , WA N TR FEZ N HI B (Robinia
pseudoacacia) , 2GR E B NEIR (Malus pumila) 5 ( Prunus armeniaca ) %!

TEE GV AR e AT BRE 3 B, B R TR 20 mx20 m, AEHLR 1979—1980 AR AH Y
BRALAK , RIS 2 30a, BIYE , BB 24° BB 990 #k/hm? , k20 IR 55 10. 8 m, FH ML 12. 4 om, AR
0.76, MPAE#AER RUF, #EAAT BRI B (Rosa xanthina) KTHI( Periploca sepium ) 55 , WA LIRARL B 2 46
( Flos chrysanthemi) F15244F ( Rubus corchorifolius) %5 A 3, 1K #EA A H] A 2000 455 HE 10 A,

2 MRAZE
2.1 Gash fAIA-21

Gash B3 A A S — ZR B AL 4085 00 A TR = A2k, 1 A T R 6 2 P T3 L PR 6 T, L S o v
15 1 Je MRS T i ah AR, LA R g R AR R A 2 TR AT A % %) i () LR e 5 P S 1 B R T 1) T AR AR A8
K A TR AT 2 B A A 98 T 2o 7 v 251 B B 1 B 00 2 AR A5 1) S A MO AR B o, Gash AR
P EEATE AN

_Zl,lj =n(l =p-p)P';+ (E/R) 21 (Py=P¢)+(1-p-p,) _Z,Pc, +qS, +p, Zl,chj (1)
St 1 BB (m) 0 B EV RRORE R, m W AREEASK AR I, p o 1 535
R AR AR, BN flobioes B 42 5 v 20 PR L i B R LE 38, P, AR T 280 R AL, E R AR RURRORE 1) - 35 28 R %
(mm/h), R PRI (mm/h) , P, SR RS AFE T (mm) |, P S AR 2K 160 TR
(mm) ,q SAH T35 BRI AR AT 2R 0 R R UL, S, A T-HE7KBE ST (mm)
MR SR BN RN BT A TE B R I P B ZORBAE
P'.=(-RS/E)In[1 - (E/R)(1 =p—p) "] (2)
Ao, S AMGER R /3 14K BE T (mm)
TR A28 & K E (mm/h) I Penman-Monteith 28 2R T8 A0 IE .
AE = (AR, +pC,D/r,) (A +y) ! (3)
A KBTI (20°C 1} ,2. 435%10° ) /) , A IR A £k (AR AL AR (hPa/C) R,
KA (W/m® ), p BB (20 CHE, 1. 184 x10°g/m’ ), e, N4 SAEH B R L # (1. 010
Jog - CT) D R HAIKIE 2 (hPa) , BV (T) X0 P FIK PR () 5 TR B 0 52 A K Cey)
22 (D=E;—e,) ,r, AR NI12BAS1 (s/m) ,y B TIBIFHEL(0. 0664 kPa/C)

http ; //www. ecologica. cn



5448 A E = 324

PRI K R N5 AR B AR S PR /K PR R TR T A R, RH 2 SHIHRE (% ) 3T F
E, =6.11 x 107273 (4)
e;=RH - E, (5)
G w7 W3z B i B /(1
. {In[ (= ;ZZ)/zo]} 6)
Az S KL S B (m) , A SO B 2=12. 8 m(h+2,h IR 10.8 m) ,d WENHEEE (m) ,d
= 0.75h,zy WHBEKE (m) ,zy= 0.10h,k 24 vonKannan % %0(k=0.4) ,U K z & EHIE (m/s) .
2.2 HPARIEI
2.2.1 RB#ER
FEREHL N AR R B 14 m TR RS a3 LB OCANES e AR T AR BER iR R 41T
(KIPP&ZONEN, CNR-1) 5 , Xi# HXUE T (R. M. , Young Wind Sentry, 03101, Michigan, USA)ll5E , 255,
VLI B e B e AR B L 5 B%S ( Vaisala, HMP60, Helsinki, Finland ) 52 , MRAMGE R 5 p AR S 52 50 0 - 22
M9 1 5 € E Davis 1%%§&%ﬁﬁjﬁifﬁﬂgfﬁjr%ﬁd\/—j\1§ﬁﬁ(Vantage pro weather station) WRE , I FH AR T 2 1
HEATIEIE
2.2.2 MRNZEERER
F MO B 28 A B NS AR SRR AT — e MR UL B LA SR M | e 4 R A K T RO R R B
BRI, EAREAE I R BEEbR o AR AR T BEALIS 5 M A2 10 a1 2 I Al IR AR N RRK ,
H RIS 0 K IR, 1 5 W S A FH R K HIAE , 942 20 em 15 30 em,
2.2.3 TR
FERRHRE o LUAR B 405 85 10 BRFIRE (R IRIAR L 2 Bk, HABARBY L 1 #R) o B3R OR sl iz 38 LR
AEFTF  AER T (B R BB O ) SR 6128 2—3 18, R0 R A s e 2 B, T 3Bz A BRH i (20 L)k
BT o AR DU 25 5 FRARAE AR (04 ZE AR R 58 Ry PR A At T R ) 25 3 R ( RPHBREAE 1) 25 AR R
Je B DA b T RS B ZE IR )
2.3 A1) ST
T A )P 78 Z A E (mm/h) R (P ) A (1) Z AR A OC R E . Gash K,
Rof TR o FER BA e PHOC R RV R T E/R  BOMBUERE R IE] E/R PR E , BRIP4 B 38 22 ( R /mm -
h™) e LIRPRR AT HE E .
TR R HFE K AE T (S) HH Leyton %57 BT A ik 2 ARG SF B W R S M ECR H R, 78 x Bl
R EE B R AR SEEAS B 43R K BB 1 (S) o Zinke ™ NN 35 I T RE 23 i S fHL
B 2EE T R A (p) /T 1 mm BURERTEHE . SE3T/0 1 mm BYRERT SR, 014 287 F B 5 R &
KRR HARERAIA A R BN R,
RETHEZKEETT (S,) FIA T 2830 R (P, ) ARPEH T 280 & SRR RN 1 C R TR g . S, I T 250
TSR RN EE R UE T RRTE o BRI, P, RbR
3 £R551%
3.1 MRONEERT BRPN 2E 7 R AR T 25 IR
IR T 2009 45 H EAFFGRZE 10 H A gsa i ge W) 4 & A 43 RFERT , PRI B i R 366. 9 mm,
SRR 8.5 mm, P 7—9 H AR 219. 4 mm, (5 A FERT 2 59. 8% 444 i JE M X R RN
LT RRHE, BRI RN 0.2 mm, Fe K 71,3 mm, 2853 R EGK 157.6% . f/NTE M 0. 11 mm/
h, KSR 8. 12 mm/h, SEXIF RN 2. 72 mm/h; l5E/NF 1 mm/h IS IERN T 57.2% , WaR/N T 2 mm/
h AR BE IR B T 75. 6% , FSR K T 4 mm/h BUAEE R 16.9%
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TR I ) PR N 25 35 B TR BN 317,05 mm, 7 LR TR (1Y) 86. 5% , B3 [ T 114 5 425 A N SR S Ak Y LR
10. 0% —95.5% , V-390 71.9% , [ /N 25 IR/, S/ N RE RN 0.2 mm, 5735 B A &7 B RN
I 10% 247 5 Bl B R S K, PR P 258 3 A R4 in | AR IR 9 B K (0 3 W 20 71, 3 mm , FLZE B T i 66. 4
mm, FEEWHER 93. 1% . BN SHINEREAIFIHER N y = 0.88x - 0.67(R* = 0.99,n=43;y JHk
HNGETR B, v S ZEB R ) .

TR (B AT 19 I B ORI 2R 2530, AR 250 10. 2 mm, (BRI R 2. 9% T HIR 250
R 0.54 m, RRKEEAKTF IR EMOEE KRN Z AT, — MR = A T 2500, (P AR 1% SRR F Rt v, AR AR 1
0 FNTELR A K AT A0 TERE T A P>3. 5 mm BHE 7= AW 2500, Hod BN P <10 mm B
SEE T ZE R E AN 0. 10 mm;10 mm<P,<20 mm BP0 EN 0. 42 mm; P >20 mm B, 22500 5
1.71 mm, BT 25000 5RO A AR I R PSR .y =0.048x—0. 21 (R* = 0.95,n=19;y NARIMER i,
x TR D)

3.2 MRIMREREZE R HER(E)
P 1 SR T 43 37 R A B a2 1) [l )5 56 6

F,HBPRF 0.037, 43 SR8 52 BT 24 6 TR 5 B R »=0.037x +0.53
2.72 mm/h, Gash FE IR 552 (¥4 T 303 ) 46 R RE 1 S 19 2 5 f=on

I RS- Y 6 R 3 B A LR AL ( E/R ) IR FRRR E IR AE:
TR TN AR B R A R AR, R, AT LA A
T IR - 25 % 3% 4 0. 10 mm/ (0. 037x2.72)
1 Penman-Monteith 23335 A 0 FIUMCOE B9 32 28 A
0. 09 mm/, R A )T 0 45 5F- 24 14 4 5 65. 1
W/m® , AHXT R (928 & R A F 0. 09—0. 10 mm/Z[H]
Tt D A W R B [ 51 G AR AL LAY A AN Sl
BRUH—58E, FoR A Z MR ZE RN,
Navar 2" Y HIEL 1A 5 12538 5 2 Al AR R e Y
PIZE R A FERE R (1) FERE M R v, R R
FIMGER R WG A DA E R (2) TE TR & B1 BRRESRERNEEXR (4 HEW)

{tFF ’ Mﬁ 1; fi I fﬁ‘[ ﬁ'é‘,l]ﬁ q &%B ﬁj\[@ﬂi 5"5 %I‘ 1%4 W%‘E E/‘J7J( ﬁi}’?f Fig.1 The relationship between measured interception loss and
ST 1T A A SRR R T 1 T 2 75 R AR

A 5 R B A 2K

3.3 MGERIMER S K BE T (S)

P2 R T 43 375 R AR A T e =2 1A 1 )5 06 2R | R I MORE R 55 43 A5 /K 6 1 S {8 0. 67 mm,
X—HUE 5 AP THIE(0. 64 mm) " FIFAB A THTEAY S E(0. 75 mm) " AT, 5 5 3 05 T 30 By A
TR S {8 (0.35—0.51 mm) "7 FUE TR A AR A S {8 (0. 80 mm) 2% S 3= %t ARTE S5 #e)
PR AR A e T RS A LA St A BT R T RE K BE P, DR DU A B3 H e e 1B 2 D vk Al
) S R RIRE, N TIRUE S {8, JHSCER T B g T N TR e AL 358 40 A R K B8 1, il
AT 0.51—0.69 mm Z[a], 4 0. 59 mm( +0.06, FEARKC K 30) , &l 2 kA8 8 S (H & T2, x5
Zinke " (R SR G — S, B B T RIBEAOE T B9 VE A Z A T 4 R S R 2 TR R Y
S
3.4 HHZEBEWNRE(p)

H H 2EERERN R B p ) BT 1 mm (R I s R0 285 B A 8] 1) [T UE O R, R 3 o 7 & 1 1Rl
FEHRy = 0.55x — 0.06(R*= 0.66,y NFENE,x AFBEWER), LHAHTERNREET0.55, H%FH

Hi g & Interception/mm

|
0 10 20 30 40 50 60 70 80
[T Precipitation/mm

gross rainfall. In total 43 rainfall events were observed
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/NF 1 mm BRSO DL AR, A R 2R ZR 0] A e 70 ¢
INET S H g m W 2 I sk e AR ol y=(;a.28=8)(c)—990.67
oL BR/NT Tmm ORETR Z A1, /N — Uk R T £ S 25 '
RSB 1. 38 F1 0. 68 mm, LAY p K E s0
0.49(0.68/1.38) . MIT(LHIET IR, % £
VAR p MEAR TV 3 7 W i p {1, g
3.5 BTHKEESI(S,) BT ZEm R (P,) gﬁ 30

Kl 4 o T RERR 5T 220 s M SR N ﬁ 20

y=0.048x-0.21(R*= 0.95,y NFEME,x N THE),
TR TAKRES S, % 0.21 mm, TR AR p, K O
0.048, Rutter %™ HFFL AW 25 0k 17 51 9 T Ak °C 10 2 0 @ 0 s o
B EL AR O BAI, AN 2 i 35 1) 5 M bR et 7K o Y A7, X ARG WEi Precipition/mm
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A5 BT E Y 2. 8% .

07 r
(o]
06 | y=0.55x~ 0.06 o
R*=0.73

E L
\E 0.5
=
Z 04Ff
g
£

03 r
&
{(ﬁ? 02 r

0.1

0 J
0 0.2 0.4 0.6 0.8 1.0
P Precipitation/mm

B3 AF1mmHERENFERTEEMNEIRXER (43 HkE
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Fig.3 The relationship between net rainfall and gross rainfall for
rainfalls smaller than 1 mm. In total 43 rainfall events were

observed and 9 rainfall events were smaller than 1 mm

3.6 MO BEE R

Fig.2 The relationship between measured throughfall and gross
rainfall ( Method for estimating canopy saturation). In total 43

rainfall events were observed
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Fig.4 The relationship between stemflow and gross rainfall. In
total 43 rainfall events were observed and 19 rainfall events had

stemflow

FET LA GBI Gash B S H( E =0.10 mm/h,$=0.67 mm, p =0.55, S, =0.21 mm, p, =0.048) , Jf]
ARK(2)HES P, =1.75 mm, AL 2009 45 H 5 10 H 43 50 4R ECHE R 8 - 5 5 A AR X A TR FAK
SEEARR BA HEATARAEL X F/INF 1,75 mm AR R BT AR AT RN )38 43, 3050 0 (R ARG 45 38 o B R (B I 3% 1
Hm=14,n=29,¢=19 /NT 1.75 mm FERH8J 12.6 mm, Gash BIEEEAGE R H 0 42. 4 mm, HP PR
155 1B (R MRS 25 &= MORE TR B 114 2 B2 R A, o R BA B 1Y 45. 8% 5 FLUR R RRASE 1B W T AR 1 28 %
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R ER R 26. 2% T ERER (SRS 1Y 13. 8% 2 MR A A AN T 22 10 L S 4 5 MR 3 5 AR
HT MO 0 2. 4% , W T RB/NIRET( P, < P’ ) T, XA R RS 32 B4 A A0 S ROREAS AT 5 X T 2
BOR BRI =, 80 B 52 B0 QPO 78 S 5 B8 BTt P ARV S BRRE T P 8 25 A 22 TR R 52

L5 R W A BA SN (39. 2 mm) AHEE, Gash AEVRSTHDUE =5 HH 24 8. 2% o A4 Gash A5 7E LAl 1l X 1) 1 H
TIRFATHREINGS FE T H25Z 1, 2 IR R ] 3 7 3 b o J N T UM 1 4 B A48, 91 4, Pearce
SEAGE Gash BEAUEALUE = T 52 0(H 3. 4% , EREF - FBAME = T 554 4. 5% , Sambasiva #F5EEALME = T
S 10. 0% ,Sraj 4R FEAME = T S20ME 15.2% .

XF Gash BUEUP AHOCSELE | S (p . S, Fl p, XIMGE#R B B2 A HEA TRUBME ST 25 R gk 2, 5415
B OSSR FAR e 18 B S e K ) SR MO R B 3 B K BB T (S ), YR AR AR GE (4 5 28 K sl 32
(E), PR A M FERER R p ) FIRTHRKRETI (S, ) i/ M2 22 R (p, ) SV E LS, M
p, BN 10%  MOEE R BN 4. 7% ,3. 1% ,1.7% M 0.5% ; p BN 10% MR # BB WD 2. 6% .
WFFEUERH X T8 s RN TR &, W THRK AR J1 (S, ) AR T 2R3 R 5 p, ) IS HOMOE L B it
4 T (L5 Ml R BE /N

F1 Gash EEHHERBEBSY
Table 1 The components of the total interception loss estimated by the analytical model of Gash for 43 rainfall events in 2009

RIEE L 0 2 ) 2 WL 4 Fih R i/ mm
Components of interception loss Analytical form Value of interception
MRTEEARAFN m KB o

Small rainfall events when P, < P’ (=p=p) /; U 5.1

MRTEIRFN RN n YRR MO N 1 7

Wetting-up the canopy when P, = P’ n(l=p=p)P¢-nS 1.0
1 T S o

ﬁzi;iiuf:ﬂo:njifg?;;ﬁm rainfall ceases (E0 J; (Po = Fe) H
R 45 1 J ARG 7R A

Evaporation after rainfall ceases ns 19.4
Evaporation from trunks #§F 2§ % , Hi ¢ WA T 52040 A1, H : mtn=q

ﬁ‘i‘ mtn—q TR TR A qSL Th ,; PG/ >-8
BV B & Total interception loss 1 42.4

R2 Gash EESHERES

Table 2 Sensitivity of the analytical model of total rainfall interception

BB JdR{E I 10% Y% PR 2%/ mm AR/ %
Interception loss parameters Original values New values Absolute error Relative error
MR ER A B EKBE S (S ) Canopy storage coefficient 0.67 0.74 2.0 4.7
M FIAR TS A F- 1478 % R ( E ) Average evaporation rate 0.10 0.11 1.3 3.1
H B 255 R R 20 ( p ) Free throughfall coefficient 0.55 0.61 -1.1 2.6
BT HREKBES (S, ) Trunk storage capacity 0.21 0.23 0.7 1.7
253 250 ( p, ) Proportion of rainfall that is stemflow 0.048 0.053 0.2 0.5

4 S5t

ATFGER FHUCHE RT VORHBEI T 55 - 76 00 A I\ TR B MRE RO 1 ER it Gash B0 1 201 W
G T VR RE ) () TR RO BUIAT R o TUR A B — S 03 PR, B0 —
LRSI R, WL BURBE R Py > Py ARESLA IR, (E SBRATIL LB b MR e b
A5 R TR 25007 T2 75 B0 A A T M UOR0 0 GBS £ ZEAN 5 2 (AT, SO
S A L ATBRRER 4478 3 RO S BRI 00 LA B/R ) IRASRSE ISR B, 00 L
A — S (1, PR BURBE L A %) B LSy T ABIFGEH Penman-Monteith 24 5155
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