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Abstract

Aims As a key factor for the redistribution of rainwater or meltwater, soil infiltration has a substantial effect on
forest eco-hydrological processes. This study aims to investigate the characteristics of soil infiltration and its
structural controlling factors in the early stage of a post-fire Pinus tabulaeformis plantation in Beijing.

Methods After a fire occurred in March of 2019, the 0-20 c¢m soils in both post-fire and control plots were
monthly collected from May to December 2019. Soil structure and infiltration were determined to analyze their
response to fire disturbance and explore how they changed with soil depth and time. Path analysis was employed
to discuss the effects of fire and soil structural properties on infiltration.

Important findings The results showed that: 1) In general, the surface soil had higher values of structural in-
dexes (except small aggregates) than subsoils, and values of structural indexes recorded from June to August were
higher than those recorded in other months. The vertical distribution characteristics and seasonal dynamics of soil
structure were changed by fire. The content of soil aggregates >5, 2-5 and 1-2 mm and bulk density increased
significantly two months after fire, while other indicators decreased significantly after fire. The effect of fire was
weakened as soil layers deepened and time went by. Also, we observed distinct interactions among fire, soil depth
and time. 2) Soil infiltration characteristics changed slowly with soil depth, but changed significantly with time. In
addition, soil initial infiltration rate, steady infiltration rate, cumulative-infiltration volume and saturated hydraulic
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conductivity were largest in August (with higher rainwater and heavy rainfall events). After the fire, soil
infiltration in 0—5 cm and that from June to September considerably varied. Soil infiltration characteristics gener-
ally decreased, and the peak value in post-fire plots occurred one or two months ahead of that in control plots. 3)
Fire significantly affected soil structural properties, while soil infiltration was mainly and directly affected by soil
structural properties. Excluding the impact of fire disturbance, the infiltrability of soil had a significant positive
correlation with soil aggregate, bulk density and water holding capacity, and a negative correlation with porosity.
Although organic matter content and initial water content had no significant effect on infiltrability, organic matter
content could indirectly affect infiltrability by affecting porosity or water holding capacity. However, only initial
water content had a significant and direct effect on infiltrability at the early stage of a post-fire forest, and the
higher the initial moisture content was, the slower the soil infiltration was. Taken together, fire could change or
decouple the way soil structure affected soil infiltration and its internal part, and indirectly affected soil infiltration

in the early period of post-fire.
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Tablel Three-way ANOVA analysis of soil structural properties in a Pinus tabulaeformis plantation

FEF5 Index KRBTk T HERRE I 18] KBEIREE  KBExIIE] SREExI ] KA I B i ]
Fire disturbance  Soil depth Time Fire x Depth  Fire x Time Depth x Time  Fire x Depth x Time
dr=1 (df=3) df=1) (df=3) df=17) (df=21) (df=21)
MU 1 Ak >5 mm 13.09™ 2.76 37.85™ 3.85" 31.49™ 8.26™" 533"
Mechanical aggregate 2-5mm 22.73"™ 10877 168.02"™" 13.63" 26.08"™" 5.44™" 3.04™
1-2 mm 152.67™" 410" 7387 55.90" 732" 475" 5.43™"
0.5-1 mm 250.59" 88.04™"  248.94™" 19.25™ 81.65™ 45.44™" 36.07°"
0.25-0.5 mm 7574 1268 144.97™ 112" 27.16™ 755" 5.86""
<0.25 mm 220.90"" 556" 505.52"" 9828 4376 14.44™ 10.70™"
WIthE 7K Initial water content 7.04” 1699 107.52™ 4501 136.38™" 8.40™" 12.91™
MFIREK & Saturation moisture capacity 23675 6.13" 11.617" 5717 1.07 2617 259"
F ¥ 7K E Capillary moisture capacity 144.93™" 7.43™ 9.18"™ 1.55 1.29 1.89" 1.69
H A4 7K & Field moisture capacity 147.69™ 6.24" 37.18™ 0.68 1.46 3427 153
#E Bulk density 29039 449" 580" 545" 3.44" 247" 449"
SFLBRE Total porosity 90.39™" 2.03 18.35™" 712" 3.56" 217" 0.93
BESLBE Capillary porosity 70.17"" 6.13" 14.13"™ 279" 6.00"" 2517 1.28
B FLBE Non-capillary porosity 33.90™" 26917 39.63"" 17.38"" 10.96" 336" 3.88""
FHHUF E & Organic matter content 196.99"™ 100.15™ 3.48" 1.82 1.99 1.06 0.71

Fe B T TG (F). *, p <0.05; %%, p<0.01; *** p<0.001.
Data in the table are the statistics of ANOVA analysis (F). *, p <0.05; **, p <0.01; ***, p <0.001.
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Fig. 1 Composition of soil aggregates in the early period of a post-fire Pinus tabulaeformis plantation.
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Fig. 2 Soil structural properties in the early period of a post-fire Pinus tabulaeformis plantation (mean + SD). CK, control plot; PF,

post-fire plot. * means significant difference between post-fire and control plots (p < 0.05). Different uppercase letters indicate significant
differences among months (p < 0.05), and different lowercase letters indicate significant differences among soil depths (p < 0.05).
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W2, H52 KT IR, X REAE AN KRR
A FEAHMEE A X R LIRS E R, fas
AR, NB BB SRR H LR AE, &
WIN(7.34 + 4.20) mm-min ', (2.52 + 0.92)
mm'min ' (173.66 + 70.10) mm#1(3.81 + 1.56)
mm-min ', & THMAG, HENHRN, 255
4(2.17 + 1.39) mm'min ' (0.90 + 0.67) mm-min .
(59.81 + 41.45) mmA1(1.32 + 0.87) mm'min', {H5
5. 9. 1012 H ZR AR . KBerE HIRAE
REHEIEARAEL I H A AN TR], L H SR P I )

9H Sep. 12H Dec.

10H Oct.
Z

11 Nov.
2

—

AP #H Infiltration rate (mm-min-)

—
ONANO NONRAANKR® NONPARNC NONRNCC O

ABHH Infiltration time (min)

- CK

°o PF

B3 s N LAk et B3 Nzt 4. CK, XTRFEHL; PE, Kbarfi.
Fig. 3 Soil infiltration curve in the early period of a post-fire Pinus tabulaeformis plantation. CK, control plot; PF, post-fire plot.

]2 A N TR BRHAER) = R 305 Z 50

Table2 Three-way ANOVA analysis of soil infiltration characteristics in a Pinus tabulaeformis plantation

bR Index KT

THERAL W] KGR < IRRL KGR x I TE] PR < ] KR < IR x IR ]

Fire disturbance Soil depth Time Fire x Depth Fire x Time Depth x Time Fire x Depth x Time

(df=1 (df=3) (df=7) (df=3) (df=7  (df=21) (df=21)
WIEEZ Initial infiltration rate (mm-min") 2.10 022 893" 075 1.05 0.49 0.38
Fay5i# % Steady infiltration rate (mm-min™") 0.06 069 8377 0.25 2.70" 0.43 0.60
Aig s Cumulative-infiltration volume (mm) 0.28 062 893" 0.36 2.06 0.48 0.55
MIF13:7Kk % Saturated hydraulic conductivity (mm-min™') 0.51 038 931" 049 1.67 0.43 0.47

RPN TIT Z TSR (F). *, p <0.05; %%, p <0.01; ***, p <0.001.
Data in the table are the statistics of ANOVA analysis (F). *, p <0.05; **, p <0.01; ***, p <0.001.
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Xof HERE O BT 32 AT o [k 30175 R A 6 F IE i KA
A, FaisiR B BB SR ETH &K,
EEAT R /AMES HIAEL10H .
2.3 REEFNTIEEEM M R TIENEMER
FHERATT AT, Kpest S i M R 1 B B AR
ZH(B)H0.633 (R* = 0.40), HIELGHIIE TR HIEAN
BRI B R RBUN-0.187, {Hkkext L3 NB
PEAAEAE AR RN, 848 R BUON-0.118, BEH ke
s iipunsAll e Tay ALl ke Al e NS |
T K e e R N VB B A ) T B M M
HIE R, D BT KORRE R RN HRRE Hh - g8 2
FAPERN TR NBHERE R, g5 R E4fR . EXT

R3 WA N AR K e I 3 B RHECT S E bR 22)

FEREHD, TIEABME R B2 LIRARAE, HEM
FRKEE R IERONE DA S LR RS B A R, A BT &
MGG & KBNS EHER WIS R E(p
0.05), {HA NI & &= 0] DL I 52 e £L B (B
—0.023 8)HHF/KE (S = 0.305) AL N IB (R
0.43), Hr, HIZRMRAE R e LIRS 1 iR E
BRI (B =0.396), fE—EfEE L, TIELGEMH2-5,
1-21<0.25 mm A SRR 5 EEBkoR, TSR
FBHER, NB ARG KEENRIELEN
EYEROFRFRIA) 240 2 TEAH Q)R . 4R B LR
B KR DL Y AR e RIS I R R
(BT N-0.292. 0.251/10.223), 7% . MEHAIEIKE.

Vv

Table3 Soil infiltration characteristics in the early period of a post-fire Pinus tabulaeformis plantation (mean + SD)

Feth Plot A4 Month EURE 3T FBEE NCIsS LIS/ &
Initial infiltration rate Steady infiltration rate ~ Cumulative-infiltration volume Saturated hydraulic conductivity
(mm'min~") (mm'min~") (mm) (mm-min~")
X BEFEHI(CK) 5 3.15+1.365¢ 1.62 +£0.71P 104.89 + 45.94"8 2.22+0.98"
Control plot A A A A
6 6.49 + 3.44 2.50+0.86 176.10 + 73.71 3.89 + 1.66
7 5.75+2.52"8 1.63 +£0.75" 119.54 £ 52.15%8 2.73 +1.16"8
8 734 £4.20" 2.52+0.92" 173.66 + 70.10* 3.81 +1.56%
9 2.46+1.97° 1.06 + 0.89° 70.06 + 59.47° 1.53+1.26°
10 3.26 + 1.665¢ 1.36 £ 0.65° 88.79 +41.028 1.98 £0.91°
11 2.17+1.39¢ 0.90 = 0.67° 59.81 +41.458 1.32+0.87°
12 3.41+1.825¢ 1.29 +0.70° 90.55 + 50.80° 1.93 +1.04°
FHIME Mean 4254230 1.61£0.77 110.43 + 54.33 243+ 1.18
KRR (PF) 5 3.64 +2.66"7 1.57 + 1.02°8¢ 112.34 + 77.20"8 235+ 1.60°BC
Post-fire plot A A A A
6 6.00 £ 2.94 2.34+0.83 156.78 + 62.87 3.46 + 1.40
7 5.04+£23748 248+ 1.12% 163.99 + 69.79* 3.50 + 1.45%
8 477 +2.77°% 1.82 + 0.99%B" 122.48 + 64.2148 2.74 + 1.48"P"
9 2.94 + 1.40"8 1.53 +0.78"B¢ 94.37 +45.32"8 1.99 + 0.89E¢
10 2.06+ 1.28° 0.72 + 0.42¢ 49.63 + 28.54" 1.12 £ 0.64°
11 23741228 1.10 +0.705¢ 61.29 + 36.89% 1.28 +0.75°%C
12 3.03+£2.57"8 1.10 + 0.86"¢ 73.27 + 56.09% 1.64 +1.30°%C
“FH41E Mean 3.73+2.15 1.58 £ 0.84 104.27 +55.11 226+ 1.19

FIFIA RS 7 RN & H A ) 22 7 R 35 (p < 0.05), ¥R KBe 50 Ji ) 22 7 B35 (p < 0.05).

Different uppercase letters in the same row indicate significant differences among months (p < 0.05), * means significant difference between post-fire and con-

trol plots (p < 0.05).

R4 KBRS N AR LI BRI H
Table4 Effects of fire on soil infiltrability in a Pinus tabulaeformis plantation

A5 & Variable

¥ Factor

TIBEEMIPERT Soil structural property ‘K54 Fire disturbance

+IEANBH Soil infiltrability

KIETH Fire disturbance

TIREEMVET Soil structural property

NER 22 VAN 1E: 7 { ST A WE R
Direct effect Indirect effect Total effect Determination coefficient (R%)
0.633 - 0.633 0.40
-0.118 —0.118 0.10
—0.187 - —0.187

FNBUE AR RA, WARAE R A R E(B)-

Data in the table are shown as path coefficients (i.e., standardized regression coefficients, f3).
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| ABHE |
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B4 A N bR e BLH L Sl ) M e NS E . SRR 26 0 R s B B 2K IESER(p < 0.05), K
B REKFIERAARRR . LAAFRERARD, SRR EEMSE R, AR A R 5B). RPABEA LHEAS
(IffRERE 1. Aggr, BIEMA; BD, 25, CIV, NBKE; CMC, BEF/KE; FMC, HIRFKE; IR, YIEHEE, IWC, YIIREK
#; MC, FiKi; NCP, FEBEILBEE; OMC, NG & & Por, JLIREE; SHC, WAI'GIKE; SIR, FZHFE; SMC, WAIRK&;
TP, SALE.

Fig. 4 The effects of soil structural properties on infiltrability in the early period of a post-fire Pinus tabulaeformis plantation. Solid
and dashed arrows indicate positive and negative effects at significant level (p < 0.05), respectively. Non-significant effects are not
shown. The thickness of the line indicates the effect size. Values associated represent direct path coefficients (f). R? values indicate
the ability of the model to explain soil infiltration. Aggr, aggregate; BD, bulk density; CIV, cumulative-infiltration volume; CMC,
capillary moisture capacity; FMC, field moisture capacity; /IR, initial infiltration rate; /WC, initial water content; MC, moisture ca-
pacity; NCP, non-capillary porosity; OMC, organic matter content; Por, porosity; SHC, saturated hydraulic conductivity; SIR, steady

infiltration rate; SMC, saturation moisture capacity; 7P, total porosity.

B FEK & H R K E R IA R T K5 N,
BB LB P3N, Sf A 15 LB AR
o

TEKerEth, T3NSI R R E T 3
WA, HIERIMR S KR O ME— B3 B
M HIENB R R (B = -0.274), HAUES KRR
B, THENBEE. RS I ER R
X AR ER T ANk R AR SN, HAR LT 5284
], ALHEIE 5RO AR R/ NN 12 R B, R
BRER1%. KETIRAS 2SR A LR
X LIRS ) B AR L (R LSO e K & DL 2 [
ARG 7K 2 B E kS5, FLBR XS 25 &

BN 58 o (R, R Jm TR AR 5 /K AN
7 DR FOR TR S KR A IR OO R A T AR
A2 Bk, FLBRIE X NS TR BN AN B2, H
FLIE TR 5 KR AN K & B2 NS P 18]
DL RS N

3 g
3.1 BRI AT NG R K2 BE 3 SR EE RN
BB A9 Sk

T IEAERIAE SRR AR 85K 7 AR |
AR A S R Y BRI S U T R
2, HAR ST DR TR R 5 IR (Rabot ef al.,
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2018; Colombi et al., 2021). +3EEEFEAE IR A
R I R A IR Y B, S B AR S W AR A
(Bronick & Lal, 2005), LA AE. AHLRE
B LB B EARK B SRR R RIE(R 55,
2019; FHEELE 2020). AW S, kBext0-5 cmt
B ECK, %2 BEkhiE>1 mmif) B R E
MR BEAEJRTHE QAN H) BRI, <1 mmf
IR WG EKE, WAFKE. HRRKE.
RFLBRE AR B FLIREE RO AL & 45 2 kb
B, e A R A 2 TR A SR B 1) R T 4 T T
B BLARANFE A RS R, Kbe e BT BRI AR R R
B ERNSE, MBI RES S YR Sk, LA
LK [ (Tbrahimi ef al., 2019). 4ERKEHLE
G EE LIRARAIT Y, AWK MR, 5
FLBR G W 2, PIRLSE Wt BE 2 MR, 11875 EE
i, /KBS N % (Woods & Balfour, 2008; Jordan
et al., 2011; Mikita-Barbato et al., 2015; % %2,
2020; ZAEEFIXIHELL, 2021). LLAL, FITEPIHIBREE
PUR(WIAR T ZE 18 RELE T AN E) 2k
FA WL /D (Hatten et al., 2008). AHEFEH, K
Ja LIEA U & R8P T 20%-30%, X & W T HE
KRR, RAECE TE VLA 8, JEA
A EYIENE ) UG A 9 e A i) 55 B R T
(Gonzalez-Pérez et al., 2004) . {HKE + ZINiE, Kkt
PO - AR T AR k55, ELIX R FH I e (]
HERE AT & 2 IR PR 5 (1 2 Rl F bn A [RI B A 2
o 0, SxtEEEHAH L, K (K E2-91H)
FETIEAEA AR MM, WAkKE. &
EROKE. HAEKE. BELBEMNEIRSE
TE K8 5 Y9 FTidi s, K Jpe Ja L3RI 4R 5 7K 2 A
EBESLBR AL & Z 8 H ] 2 Ak, %
AR . 1K 5 ORI A h A B fE
IR RGP E N B E R A K. A7
1, LR JR(0-10 em) KB R R & &(>0.5 mm). 4]
REKE. FKE. FLIREEAA LR & 255 R
B S G R A B N () A A A R A AR [
RKIA6-8H BT HAR A TIBLE MR 1 EE
AN B A AR S B, A RiE AR
FEE R A 2 DA R IR AE A R s B (1 SR 4R, X
SEAEIA AT DA AR - 35845 1 (Singer et al., 1992). R,
- 55 H 2 B R IAR B AR K DL AR IS B0 ) R 15
£ F(Plante & McGill, 2002; Bronick & Lal, 2005).
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11 K A58 320 b+ 38 45 4 A A [ 3 EL IR P [A] A R AR 5
MR BRAACG /N, FEAN R H A 18] (1 A2 A0 3 5 3 T
AR LA Prsk e, (ERREHMZEA R, BHIk
BRI T IR R, BRI EERIRE, T
VAR 28 A I DL N ZE )80 IR e i
Ve M 3N, IS H AR AR 1R O ORI 57 45,

2017).
3.2 HIENEXT AT A NG R K Bl 38 TR A
BB 1L

TIENB K TE LB sh i . K
Iy VTN IR R B2 A R, A ORI
B T T I, 2B B NV R B KT A
B BE)E, ERENMENKILEERT, KoE
BEAE LSRR ) ) ALBR A, T IR AR AL, ik
B BRNVE I ZB T 2 IR AR I = AR
A, KA E R R AT RAKIREZES), NiB
HCRERERGE (B 4« 75 LIRSS, 2019). Uk, 7EA
Mo, PRS2 & Ay BB R R
AME, NBERERE T, B2 E
T RE . ANAEERE LN BRHMEAML, SLiu
(2011)F1LeungZ:(2015)IRF 0 45 R — 5. {H 135 4)
BHE, RBEE, NBEEMMESKEEARR
A#riazR 5%, BHaEsA BEm THMA N, X
558 F1Z X B 7K it 5 R B /K KA % KT T 3R B,
KA g IR B IE X I SRR R R I B
(Flury ef al., 1994; #&-F3%, 2015). {EHRBEKER
Ay, LIRNBE K> R TN T3 b 5 20
RS B 7 SR i I R RS B, 4ER T KTE
TS R A KR TS RIS X R
WENAVIRAFAE, B KBRE 3R NIBRHIE I SR8
(1 3 WA AN, L H R g R ) 1] 55 565 HERE A Eb
PERT T 12N H BB B Tk s T3 5 B0 B ek
(RIS, BISEAE AR [F] 0 S0 26 1F T LI NS A
TEZE 7t o BRI RN AT B 220 K Jpeide b 5L - s 45 4 A
TSR A BRI RAIER, Kbe)s T4
(AR AR A W] BEAE A S L Sk 35 B 2k . BAR K
FERE AT R b 3 N VB R AE (1) 22 RANAES H ik
B, BRI, K THE TIEsm .,
FRBHE, NBREMNEASKERMK. Kl
() 3 R K M 3 OB 08D 1 B B R R I
(MacDonald & Huffman, 2004). IAk, K55 7 2 11
SR A2 fof i 2R (AR AR R R B P R B 2 o, b —



ik 1 I BIHA(Zhao et al., 2016). 72 TR
JEE I 2 AO0T 358 (1 g DR S AR 42 2 ) sk 1
DN, M 3% N33 (She et al., 2014). KIEJE
0-5 cmAlI3-61 H L3N I 2 50 HRAH H AR {55
Ko @H, REJUEKRPTIEHEEREGRKER
HUYF, 5774 /K P (Badia-Villas et al., 2014). [d]
I, B BN A KRR, 85 BE ST iR
AR, B P R R A — S i B AR 0 B
IKAE P AGERE I P 08 DL S 3D B SRR AR 4 )
N2, SX B KA A P2 T A 3 R 7K ) i R
(KR IREE, 2019b).
33 NEFIM TR R TIBNEHR M
s b R RN B E E R bR (He et al.,
2020). AFFH, KZ T TIEANS EEZH| 1
BRI R A 25 EERIRR /K & 1) TR 280N LA B FL B BE 1) £
BUNE, A BT B S AT AG 7 K R N5 H B 1)
AN, AL S AT DAIE R e LR el K
RIEERNE, X5 DA R AF 5 A AR
4 - 73 HHAE, 2019; B 5%, 2019; P4,

2020). 358 [41 5 {4 2 1 iy A A 55 B SR R,

ZHOR T F N AP, BRI Z, &
KPS P T (T R4, 2017). SEUZZE R R
RITTREA LA R AN (DA STHIEFE MU ] SR A,
Foah R G KF M B — s I 22, () A [RIRL
BRI E AR 220, — MR R P4 (] 3R 45
MR A A B . A FAE IR A 22 AT R I A
TIaRM, tigEd-5, 1-2/1<0.25 mm¥iiz K%
PSRRI IR NIB I SRR 7. Ko TT REIA R 3
BUMRLR B R 2 T 5, FRATHIIE SE56 B AR UE
TizB%. AT REH, S HIRAEZ,
TIEEEMA, X 5ZX <025 mm R AN
EE(23.78%) %R A %, BN SR AR AT 45 2500 F 75 18]
A E AR T AN IR R A T £ . BB RN
A WL B B RN 5 R 555 (2017) 8 719 H>2
mmA RE G EBRZ AR S ERZ MR A —
Ak, HIERIEBEILEN NBIEmEK, 5
B[ 47« 75 BLIHZE(2019) BT e 45 A A . AEBE AL
B CRRORFLER, R FLBR B2 K 0.1 mm(¥) L85l
Bit. FLERELARERK, [T 5RAAR mT e DR i o e 1 3 26
HIEALRR, FH 1K 3 — 2 10~ A& (Lado et al,
2004), g b, 7E T IEFHAR U LA AU S &
ML, HIEAEKRE RS, B5E

ZAEES M N TR I B EE 11

IKBE 2 (ZF AR, 2009; 1REDAE, 2018). (HIZHTFT
AR E B, HAFE T Rea il - HE5 d g
hn, B AT REMIIE BT BRI ALBR AN FHAd K 2 R
BIgR, FENBREN, NS a2 (SR
B4, 2011). RN R+, AL
WA 753 B TRURN i 45 1 SR A S A i g L 3N
%(Bamutaze et al., 2010). TIEFIKEXT NBFE W
J7 T IS, — 7 [ /2 N8 HT L3465 /K ZE XA
BEWFEW, 55— 77 W NB IR e K
AEXT N2 K421 (Al-Seekh & Mohammad, 2009). 4%
W LI AE B K Z5 HIBNBERAN R 2, S+
BRI K ERE G N R B3 IEA R R

R, AR IE2-91 H, KGRt 1%
ANBPIHEZERAE, NS 222 3] 15
B EEAER, 5 R AR KRR A . 3
Klpext LI MER o W, HH SR e
TIERRAR . AR, FLBREE. BE. WIIREKE
FEFKEX HEANB LS B Z BREH . K
I, EIREE R R ORI SR g D 7 B
FEHIANH E T, X ReE AR 7 =R &= 7 2 Hrh
KGR LN BIIER, DR KB AT B 22 A
H Ay B3NS RHIE 2 e R IK B B 27K (R2, R3)
R 2 — o KB Ja IR IAR 5 K I EL4%Z S RN
P, UG R AA B K B AE — e Y B N B
BABRWAR, Bl —euE, HIEHRE,
BB L IYIa6 SRR BN, ANiB i R g g
AT 7K D12 FE Uk /S, NS K (Liu et al.,
2011)o KBTI HAA ML & &1 PRSI
BTG S K F AR TE N BURR A H %5, 2012).
SR, SRE KB e L g i), IEAE M T
E LIRS, (B KB LIS R AT R
BORIAHI 5T b B A 0 AT R R AN vy, i B 4
NBIEV] fe sz 2| H ALK R G EH, HiX MR
AR, wfst— BRI W, CuifE(2019)HF 7T K
B, AN LB E R T LA KE . LR
I3 A IR R DI RE AR DA S S T AR KO R AT
SR IR NS E R R (- FEE, 2020), #EE G
B ARG I 2R K R B SN N — s 5%
(S RIF R4z, 2008). AN, HFRARKKRESA
SR A AN B, oV 3R B R I A R
BACI (before after control impact)S£546 1311 (Green,
1979) 32 B FR i, AR 78K FAH QB FEHb EL % (2
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A% 2020), FEFEHKCRERE RIS AL AR B . Hb
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B, KRB e BRI UEOK A IS5, B
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