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Abstract: Quantifying the multifunctionality of natural forest ecosystem, and analyzing the trade-off and synergy between
different functions and driving factors are of great significance for natural forest protection and restoration. The data of the
study include permanent sample plots from the eighth national forest inventory in Jilin Province, soil data and climate data
of natural mixed broad-leaved forest. To characterize the ecosystem multifunctionality, eight ecosystem functions were
selected, including soil conservation, water conservation, carbon storage, climate regulation, soil fertility maintenance,
biodiversity, productivity and wood production. The Ecosystem Multifunctional Index is calculated by using standardization
of a maximum observed value in the average method. The results show that; (1) There are trade-offs, synergies and neutrals
among the eight functions, but the synergy is dominant. In addition to the trade-off between biodiversity and climate

regulation, it has a synergy with other functions. The synergy between carbon storage and wood production is the strongest
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(r=0.960, P<0.01). The trade-off between climate regulation and water conservation is the strongest (r=-0.934, P<
0.01). (2) The multifunctional index of natural mixed broad-leaved forest in Jilin Province is between 0.31 and 0.89, and
biodiversity and climate regulation are the leading functions. (3) The coefficient of determination by structural equation
model of multifunctionality and driving factors is 0.795. The total path coefficients of the driving factors of multifunctionality
are as follows: stand density index (0.752) >average age (0.375) >annual precipitation (0.365) >tree species richness
(0.101) >soil pH (0.064) >structural diversity ( —0.037) >annual average temperature (—0.105) , and stand density is the
most important driving factor. The results are of great significance to understand the formation and management of natural

mixed broad-leaved forest multifunctionality.

Key Words: multifunctionality ; structural equation model; mixed broad-leaved forest; trade-off; synergy; driving factor
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Fig.1 Geospatial distribution of sample plots of mixed broad-leaved forests in Jilin Province
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Table 1 Summary of soil physical and chemical property variables

Bl vz AR AR
Category Code Variable name
YyEEET Physical property bdod 40 - ZSE Bulk density of the fine earth fraction
cfvo HLFE R ARSI 4L Volumetric fraction of coarse fragments (>2mm)
clay A R AE 20 = B0k H Y L8] Proportion of clay particles( <0.002mm ) in the fine earth fraction
sand 4 A= PP A 1 LB Proportion of sand particles(>0.05mm) in the fine earth fraction
silt Al R H R IRLAY HE ) Proportion of silt particles( 0.002—0.05mm ) in the fine earth fraction
Ak PETT Chemical property pH +3¢ pH Soil pH
cec FHERYBH S S4B S Cation Exchange Capacity of the soil
S0C 4 ki 4 3 HLIK B & Soil organic carbon content in the fine earth fraction
Nitrogen 2% Total nitrogen(N)
VRA=J& M Derived variables ocd FHLBRZE B Organic carbon density
ocs HHLER A Organic carbon stocks
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Table 2 Summary of climate variables

3/ 1R At A R
Source Code Variable name
B AR b MAT AESF-H473E ¥ mean annual temperature (°C)
Directly calculated variables MWMT A 19 P-4 mean warmest month temperature (°C )
MCMT 2 H R E mean coldest month temperature ( C)
™ MWMT 1 MCMT 2 [8] (3522 , 8RB temperature difference between MWMT and MCMT,
or continentality (°C)
MAP AEFEIK i mean annual precipitation (mm)
AHM AEGIEFE ST annual heat: moisture index (MAT+10)/( MAP/1000) )
JRA42 A5 4 Derived variables DD_0 FELTFBRIEHE KR H degree-days below 0°C , chilling degree-days
DD5 BEEC 5 BE LA KRB, A K A9 RBL degree-days above 5°C, growing degree-days
DD_18 18 BICF LA TR EIR H , InAE I H degree-days below 18°C , heating degree-days
DD18 18 FRICEE L b, B HIREL degree-days above 18°C , cooling degree-days
NFFD TCFE KRB the number of frost-free days
PAS Ai—4F 8 A Z M4 7 A MRS /K (22K ) precipitation as snow (mm) between August in
previous year and July in current year
EMT i 30 AR AR R B extreme minimum temperature over 30 years
EXT BT 30 4 AR st fi i L extreme maximum temperature over 30 years
Eref Wk B R W 2% 26 & Hargreaves reference evaporation
CMD WA BL RIS 7K 435 ) Hargreaves climatic moisture deficit

1.2 AEBRGERS A
ABFFEIL L 8 Fft 5 A2 A5 RGN RER R AUAR Aok AL AL A R G S I BEE , AL E IR 1Y SR nftbas 3 Ml
I (£ 3),

®3 ESRGREBUER

Table 3 Quantitative indicators of ecosystem services

bRl

23 Ei27n R FHIE TN I/MH . Laa

Category Indicator Code Average Maximum Minimum deviation Unit

P RS LHEOEE LIEORRR SC 760.09 3759.39 2.78 634.59 thm2a™!

Regulation services  {FE/K I ki we 2511.46 5817.86  398.69 1004.95 thm™2a™!
Heh e o fit i s 62.20 261.50 3.51 33.69 t/hm?
3R AR AHM 18.39 28.10 11.20 3.01 /

p&51lS:d LR ALY soC 27.42 51.01 13.91 5.09 o/kg

Support services EXYEZ=2cd Bk AR B H 1.84 2.61 0.48 0.34 /

ML S5 HE ) G SO U RIST ABG 2.15 9.13 0.35 0.87 thm™2a7!

Supply services VN ATER v 142.34 512.37 9.26 70.94 m*/hm?
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SC = SCyg = SCyy; (D)
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1000ft - t - in/(ac + h + a) , ZHAN TRV ZEL 17.02 FE il FEPREAAL , MJ « mm hm > h™' a™' 2
IRl R T KR Williams 5524 52 AR FH 3845 LR AN+ SER0R 2 Gt TS (A S) -
K =1{0.2 + 0.3exp[ - 0.0256m,(1 = m_,/100)] } X [m_,/(m, + m4)]1"
x {1 = 0.250rgC/ [orgC + exp(3.72 — 2.950reC) ] }
x {1 -0.7(1 =m/100)/{(1 = m/100) + exp[- 5.51 +22.9(1 - m_/100)] } } (5)
A K o EER PR F ot - hm® « h hm™ MJ™ mm™', m,  m_, .m, F orgC 435 F R RL (<0.002mm ) K5 KE
(0.002—0.05mm) FKL(0.05—2mm) FIAG WL &5 (%) o
YK WF L BJEHF S HA BT (AR 6—9) .

L o"
L= [mj (6)
m=8/(1+pB) (7)
B = (sin6/0.089)/[3.0 x (sinf)** + 0.56] (8)
10.8sinf + 0.03 0 < 5.14°
_ | 16.8sin6 - 0.5 5.14° < 6 < 10.20°
5= 21.91sin6 - 0.96 10.20° < 6 < 28.81° (9)
9.5988 6 > 28.81°
A, LA TS IR F 5m ARG A K (m) ;0 AL (°) .,
AT CHHEWT .
C=e" (10)

K, SC BB TG L (%) , L NDVIAEACEE , HAE R 2000—2009 4 H [ 4F B i % 46 20 ( NDVT) =5[] 43 A
AR RIETF b E R B R ISR E IS 0 (http -/ www.resde.cn) s, W AN RIAE LS AU 2 450, Mot
BUE ~-0.1535"1
1.2.2  WFRKIE

TR UG R T2 0 18 1 7K -5 /7 2 ( The Water Balance Equation) 7145, 7K f2 -7 i #2458 78 — & B B =5
P, K3 A2 SRR i <A, sl ARG /K R S A K R 22 1) 2280 55 T R BN & K AR R

WC = (P, -R, —ET.) - A, - 107 (11)

K, WC Rk IR & (m®) s oA BET I (mm) s ROAZR MR (mm) , 23K R, = 0.0053 x P, + 0.256 i
AR A | BB AYTE AL (m® ) s ET, R ZE B0 B (mm) |, & [ Niu %08 & R B S < 1981—2015 4FE 1 [H
b AE S R G 7AW L B4R | B I AR R 2 B s ( http ://rs.cern.ac.cn/) T#,
1.2.3 =
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TGS AR RS [F] 20 43 ) 25 ik SR A A A LD R e it £ (X 12) | Pk SRS B AR iefitt i
CS=B e XP e VBt X Pty (12)
A, CS HIPARIRAG R 3 B,e B, 70 AH AR N AW P, Py, 7350 R B M 1 35843 1
R E B S R
1.2.4 HW it
K H Shannon-Wiener ZFEPEF8 BT A MR Z A0 (X 13) .

H=- iPiln(Pi) (13)
K H R ZREEFR B n R R RSB PR AR § B LB
1.2.5 AT
SR FH T 7 R 3% S AR AN A i W BRLAARIR A (8 7 SRR £ 7= T ABG (3R 14)
ABG = W/A (14)
1.2.6 KA
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ARMBER TRV TGS SR IS, n] 4y XA TR oK o o AAWTFER ARG IR A8 B0 ARM) 1R 0 &
PSRBT A FE AR . AHM BOR, 38 R 5 BT, 5 B0 . ORI T8 ClimateAP Az i 1) 2% B 3 < fig
Bl

AHM= (MAT+10)/( MAP/1000)) (15)

A, MAT RAEH43 (°C ) s MAP AAFERE K& (mm)
1.3 R RGEIIRE RS M 5C 5

FFHARSC AT BT 58 AN 5] DO RE ] A AAS DR W] G 2% | 2 PRI RE ) A 835 IEAH DG (>0, P< 0.05) , NI P 25
HRIE DG FR s IR RE ] Ry 3 S DG (r<0, P<0.05) , U3 W0 25 S ASUAET DG 3% 5 5 R AN AHOG T Sy 56
F o AR AN A 73 Hr 2 D REPE 5 2% 9K 3 PR 7 [A] 1 O &, U 2% IR 7 X0 Z2 DO RE R A i e
1.4 HEEREZIIBEMITHA

PRSP A 32 T fRT SR | 0 S RV A4 S R G 2 R MR I RE D Y AR ST R T Bk A b
R ARE TS R G 2 DR MERR L, % DI RER BB AT A TR AR AL 37 i AN T REHE 2 11 5%
AR WL DU B P S48 5 AR A iz Eh Re R B KRB (X 16) .
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EMF, = —
F

Xij
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A EMF RS @ MEHLAY 2 DN RETEAE 0 F 3R D i D REE, ASBFIE TP I 85 V ORI IE AR AL «,
55 j PUREL S | BT REIE ; max, N5 i WUIIREHEA T 5% WA T8
1.5 Z5HE 7 R AL i Al
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N e ASE AR Sy PR e S WL A e 22 ] 5 R AR R T
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A, X MAME B R R Y oA AR R Ax B Ay NSRS R X Y IR R AR, 8 L s Ak
Az A ) e 5 AR SRR R ) A I R R 2, & AN AR R I i, n O AR AR R ) A

SEFASERY ] S A% TR AE AR B 2 B G B, A AR

n=Bn+I§+{ (19)

o, B AT e 2 (8] G R4S K BRBCERE , T N AR VTR 78 i 5 A Ve e 70 2 8] 06 R 1 45 0 280
FFE, ¢ MR T R ok 24 M

FARF I AR B L MRS F Oy RS R i, R 2R AK PR T (VIF) A 560 1 M 25 47 76 2 L4 M 1
AR, AN E RO EEFR A R MO S5 R R AR TR AR Y A AT AR R R R R pH 7
A PR F- Mg T S0 75 AR R YR AS AR 2 T REVE (EMF) OS5 H 5 FEBER (2 4) o N8 B AR5 40 7 s il | A AIF
SRR RS 5% 25 (RMSEA ) (4 X 15 FC 3 46 40 ( GFI) FUARLMERS BC 48 44 ( NFI) S50 48 45 ]
SER TR LA, S50 )5 RAS AR 8 R AG B 249 7 AMOS 24.0 52

F4 HHLFHELZ MRS HAEEIERNE Fii A

Table 4 Description of driving factors of mixed broad-leaved forests multifunctionality in Jilin Province

UKEh A AR (N Bl SRR b 85 % LI
Driving factors Quantitative index Code Data sources and calculation methods Unit
198 [K e . ) e
LR I it PH BRI RS /
Soil factor
URHER AL MAT Climate AP 1 Hh A5 C
Climate factors A [ TR MAP mm
AT MROTAF Age oI a
Stand factors R Fh = 5 SR R b A R A B 4
) " D;\
o ASDI = 3 N (ZTO) 2
PROPRECREL  ASDL et N, - 58 BB U AC 0, 86 ) fepidemrp B
fE; Dy : RPN, X B 20em,,
H. =- 1np.
4 b H,, e =7 2 /

pis N i DRRGARARREL bR BARE EL ], n AR R

2 EREH

2.1 ARARZTIRERIAU DR 3BT

M3 KIS KART (K 5) HELA MRS 5 3RS 0], B A7 01 - H 3R REARHE DG A1, 1 TEAH C b R] 5
T IRSS 5 SR R S5 1], B B[R] RN p v 56 R M AE s T IR 55 S L4 AR 55 18], 22 A S 2%

8 NIhfel] 28 ZH I REXS H AU | W R R R PR SC R ISAETE, 230 Ry 7 X 14 X 7 X, SR RS R IR AE
MAEBRFIREZ IR R B F, BUE R SRS TR 4R A HEOCAN , Sk | e
R ABET" AW 2R Bt Az 130 fORE 5 RIVEURT 56 3R, AH C R B (r) {HAE -0.094—-0.934 Z [i]
(P<0.05) ; 3 {43 — 3B 1 445 N 59 ALHT I 22 (r=—-0.094, P<0.01) , Ho AU 56 28 S () Th g b < i A
T -IFEKIR (r=-0.934,P<0.01) , PHEIZER P, IEAHDC R 3R 255 1 TR R e it - A4 A 7 Bl -1
7RI ARM A A Ty R SRR AR 2R AR TR SR AR AR AR | I T AR - AR A
A7 A DLBR-TR G A2 ) 2 FE MR A i 2R AR MR- SR KR Rl A TR R KR AR W 2R A
I AR RRAE B A A PR - SR KR, BT - {HAE 0.054—0.960 Z ] (P<0.05) . HATIhREXTAAH &, B
R R (P>0.05)
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Table 5 Correlation analysis on individual ecosystem function of mixed broad-leaved forests in Jilin Province

IR IR 55 XHHIR S5 HEA RS
Regulation services Support services Supply services
M5 20 Jetiibn " RS 14
e W Y iy L 5 fr A Hepe
Service categories and indicators LIRS (1«8%7]({)?1 U ST P WM Re g *HJ_J
Soil Water Carbon Climate . . R . Wood
. . . Soil fertility ~ Biodiversity  Productivity .
conservation  conservation storage regulation . production
maintenance
P IR TR 1
Regulation services ThF KR 0.458 ** 1
B 0.054 0.118 ** 1
g -0.359**  -0.934**  -0.201"* 1
THE RS AL S 4 -0.094**  -0.042 0.139**  -0.034 1
Support services EX/EZ3 3 0.029 0.124"* 0.134*" -0.207 ** 0.037 1
s E 0.015 0.065* 0.498**  -0.106** 0.033 0.048 * 1
Supply services AB AT 0.025 0.153 ** 0.960**  -0.251** 0.141 ** 0.192 0.492** 1

sex 7E 0.01 2L (WUR) , HIDEPE R = . 7E 0.05 A (SUE) , Mt B3

2.2 HMZIett ot

T R IR A AR A Z Sh BEMEFE 5 (EMF) 23 A 7E 0.31—0.89 Z [f], FF{E K 0.5415, S48 (AHM) |+
RS 1 445 (SOC) AW ZFEME(H) A/ J1(ABG) (iR /KIE (WC) Bfilift (CS)  RIELREF (SC) FIARM E
72 (V) R S KA e i A5 B 0 T REAEL 09 70 A1 AAAE 25 5%, Horp B 43 1 0.7519,0.6897 ,0.7725,0.4714
0.4742 .0.3676 .0.2712 1 0.4145( 1K1 2) ., ZINREE EMF M ¥—IfE AHM .SOC .H ABG . WC .CS.SC F11 V 3F
BIE 3518 :0.5462 ,0.7473 10.6959 ,0.7574 .0.5022 ,0.5162 ,0.3988 .0.3151 .0.4368 (& 3) . =ML ketE(H) XF
ZINREMESTIR I B K, AU R 15 (AHM) IR, RIEORHF (SC) fie/h
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Fig.2 Box plot on ecosystem multifunctionality index and single function of mixed broad-leaved forest in Jilin Province
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Table 6 Regression relationships between ecosystem multifunctionality and driving factors

N ZIIREPER o Z IRt
iesibs Ecosystem multifunctionality index Rl Ecosystem multifunctionality index
Function parameters Function parameters

R? P R? P
AT BEFE SN Stand density index 0.66 <0.001 PFIE B B Tree species richness 0.08 <0.001
AR Stand average age 0.18 <0.001 MAEE ZFEVE Stand structural diversity 0.06 <0.001
AE[ i Mean annual precipitation 0.16 <0.001 43 pH Soil pH 0.05 <0.001
AEYIE Mean annual temperature 0.09 <0.001

KT HHAREEENER

Table 7 Evaluated results of structural equation model

il it E=2 10y T bR R )
Statistics Index Evaluation standard Fitting results
2 Xof 385 P B 4 A X2 B EMAE R (P) P>0.05 0.252
Absolute fitness statistics gk 5k 22 35 75 A J7 AR (RMSEA ) <0.05 (GG R4F) <0.08 GEALAHL) 0.015

5 i BE R B GF) >0.9 0.999
SRHEIERLE A FR IR T L4 2 (NFI) >0.9 0.998

Value-added fitness statistics
A7 2938 Fo gE 4k

Simple fitness statistics

1<NC<3 A RIAT ] £ 35 Pl F2 4 s NC>

NC (R 7 B P 5 BUHEEBE

1.320

S5 BRI () 25 5 R e T AR AR A W R 0 R R A AR 2 T REE I OC R (B 4) |, Z T RE PR AL 1 1
TERECN R*=0.795, HIRISE SALHE & SR S K 7% 22 D R (9 B ) | [a) 458 )RR e (1] 4 FTELS)
M E R K F , ASDI MAP | Age SR \MAT #1 pH X} Z Dy GEPE 3576 3 (1) 1E 52 i, HL 52 i B% 4% 2 500390 K
0.726.0.358,0.134 .0.107 ,0.077 F1 0.064 , H, %} Z Yj gt HA 55 (%) fsg ), F g2 2508 -0.037, Hrr,
ASDI X Z Dy REMEAE 5o, MAP IR Z . MIBIHESZ IR | Age Al MAT 22058 28 52 Wi bR 43 1) Z2 A1 2% R
U Z D REE , HLR R R R B0 M 0.241 —0.182 ; ASDI 3l i 5% i o = & 5 R 454 2 R [ 32 5 i £2 1)
REME, 642 RBCH 0.026 ; SR W 1 52 M MO S5 F 0 8 R 2 DI REE = A — e FE R, Hi, Age X2 TIRE
PR [ 422 E FH it
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Fig.6 Scatter plot of multifunctionality index and different stand density indicators of mixed broad-leaved forests in Jilin Province
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