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Forest ecosystem service multi-functionality: definitions, indicators and simulation
models for forest management

Lei Xiangdong
(State Key Laboratory of Efficient Production of Forest Resources, Key Laboratory of Forest Management and Growth
Modelling, National Forestry and Grassland Administration, Institute of Forest Resource Information Techniques, Chinese

Academy of Forestry, Beijing 100091, China)

Abstract: Forest ecosystem multifunctionality (FEMF) is defined as the ability of forests to simultaneously
provide multiple ecosystem functions and services. FEMF could be classified as ecosystem function
multifunctionality and ecosystem service multifunctionality. In recent years, a large number of studies have
been carried out in the field of ecology on the relationship between biodiversity and multifunctionality, as
well as on the driving factors of multifunctionality, and have continued to be a hot topic. However, these
research results are still insufficient in terms of application, especially in guiding forest management
practices. Maximization of multiple functions and services has been the goal of forest management, but the
involvement of FEMF in forest management is still limited, and it is urgently needed to strengthen the
integration. This paper summarizes the definitions, indicators and optimization models for the FEMF linked
with forest management. We concluded that the future direction will focus on the prediction of the change of
forest services and FEMF, and the realization of FEMF maximization at forest management unit level.

Emphasis should be given to forest management modelling and simulations to seek the most effective
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management strategies to mitigate trade-offs and enhance synergies of ecosystem services, and answer

theoretical and practical questions on how forest management and climate change affect the balance and

coordination between ecosystem services, as well as their spatiotemporal changes.

Key words: forest ecosystem service multi-functionality; forest growth model; tradeoff and synergy

relationship; multiple-objective optimization
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b, BRMRE Z DRe R A IS AR D sk, HATT #jpk
SEBER 2 ARk 55 75 SR R 2 FEAIIE AT H . i
TARMAES RG0S5 8] AL (trade-of) A ik [F]
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Tab. 1 Main index components of multifunctionality in forest ecosystem services

k%% Service

F8¥% Indicator

1 ft45 Provisioning

L1 AR

Timber production

1.2 EAR BT iy
Non-wood forest
products

1.3 AL R
Genetic resources

1.47K Water

2 #75 Regulating

2.1 EMZ e

Biodiversity*

2.2 B
Pest control

2.3 AT AE
Climate regulation
2.4 FRBELRAP
Environmental
protection

2.5 IR

Soil conservation

2.6 KT
Water regulation

2.7 Bl R h g
Protection against
wind damage

2.8 B e
Protection against
hazards

3. XAt Cultural

3.1 ¥
Recreation

3.2 FEMCAL
Animal and plant
culture

MR R M AR A KR R R AMOGRE EAE R R A PR RO SRR 5 AR K s L
Total cork supply, and annual increment cork mass®?*; wood production, timber yield, annual increment***"}; net present value of
timber production®*; harvest-to-growth ratio'*”!

B s 00T WY AR A F R R B SR, T RAL | VKRR, AR R R = R Y, 4T
B RE RO BB, A e B 42028327330 i H Y Edible mushroom production®%"; coverage of wild edible plants®*+**";
production of berries, flowers, nuts, honey, and pine nuts*’; annual fodder production®’; salmon abundance®®"; hunting deers®';
bilberry production®*?¢32733); presence of bilberry*”!

AL B IR (R TAE 3BT AP Genetic resources (seed dispersal area)®

EPEKE FET IR EL B R /K B Y Rk YA ) 87K 5P Annual water, water quality based on nitrate yield”™; water-holding
capacity of litter®"

AT A 3512 R — 7 /N A B A 25 FER B it L M 2R 2753536, Rl 2 REPERS), R R MM 2 R (R
JE DRI, i QLR FELA, 19, 0 REPELA; 19 2 B ) A HE SO bR A B A 2 RS O (B 1£40 em BA_FD %L
P R Z FEEPY Tree microhabitats™!; number of habitat trees above a threshold™; amount of dead wood or the probability
of occurrence?’ 373 tree species diversity®**®); understory vegetation diversity (richness)?***>%; fresh fruit density’; bird
diversity™™; bird habitat quality'™; vertebrates'®”); stand structural diversity****”; number of large trees (diameter at breast
height > 40 cm)®*); mycorrhizal diversity"™”!

7 R At g | 0380 A AR B0 i BRI R AR B3 1A 4 (1) LE 471 Bark beetle control™™*"; habitat for natural enemies”;
proportion of ruderal and open habitat plant species on total plant cover“”

Y IR R, A B R (242528384, Rl £ PO Temperature regulation®**”); biomass and carbon storage! 2838411,
carbon sequestration*®

VT B 25 mZE i X 3 AR AR 7 25 3 29 Riparian forest cover around watercourses considering a bufer zone of 25 m around!

WE30°LA I XSk AR 26 6 YD (1 H AR . DURMI B . LT HLBR 2 Forest coverage in areas with a slope
over 30°, reduced soil erosion, sediment retention, and amount of organic carbon in a soil*!

MOEAN LI E K BETT. BRARE B BE KDY, ATTRAT. R & KSR, A4 je i 3 L) (R L I B L T 3
£ )2 Canopy and soil water storage capacity, wter holding capacity by forest macrolichens?; water quality regulation, litter
water storage capacity®"; soil covered by biological crusts (mosses, cyanobacteria, and lichens in the topsoil)**!

PEAA F 2 P+ Dominant tree height-to-diameter ratio™*"

MR35 B FR L. T I B HR 20 Stand density index, landslide prevention index*”

AN T AR T P I R ALY USRI s S8 SR 480, AR 5 PEP; 50 56 2401, JikiE AP Number of beds
in rural tourism establishments per municipality®*; scenic forest area; scenic beauty index****); visual attractiveness'*”); landscape
aesthetics?"; tourism revenue®”

2 L R RO CSS); 2RI FE R P AN B S L SR B BER P Y SO DG BRI Y 55 FES SN E A (A
X AE) 25 SRR I AR B, W 1S AR 4598 715°%8 Number of native broadleaved tree species®**; indicator species of
old-growth forests, such as beetles, surface mosses, and fungi®®’; canopy cover of culturally related plants®®; plants of cultural
value (plants of particular interest to the public and botanists)*"; bird-watching service potential®***




4 T m K kK

¥k

546 4

® L&)
Tab.1 (continued)

k% Service

FE#5 Indicator

33475
Hunting

3.4 FREY)
Forest food

4. 3ZFF Supporting
4.1 57
Productivity

4.2 Tl

Regeneration process

W24 718 Net primary productivity®'!

FEPNHE 7= 77743 Game production potential*!

B PR TR AR 25 2P Number of edible mushrooms, cover of edible plants™

FARTH B AR AN $0 DY) Species and number of naturally regenerated seedlings™

IR K. AL Py 34 N, 34 PP 3841781 Qo] available K and P, soil total N and PB#+37 3841741

4.3 B
Soil process

JEAEA AR AR ECR . AL RIS S AR Z R AR A4 A#°°*") Number of saprophytic fungi, number of

mycorrhizal fungi, potential nitrification, mycorrhizal diversity, root decomposition

30,38]

VE: * RN EINAE N SRR 55 F6 4% » Note: * indicates that it also serves as an indicator for supporting or cultural services.

3 RMERRRMSE ZAHRETN T %

T HEPRR G S S R 2 DR 1 B
BIEHAT TR S SRR, FEARE R IR
1 DIRE- R B AR P FRE S 2 RME
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RN 2 BB S B 2 T SPIERERZ
et 0)~F 217K 7, ABAELE W] fig 5 ik 55 i) Bl 6ok
M UL X 73 B ARABA K T 1) D i 5 38 43 38 v K P AR
KFDhRE S 745 2 ) 2 DhRe VTR E 2 57 208 T &
GifE BN 2 B EE RS 5 %2 F Wik £ R
RGN A 2% FE T e 2 [A] (R RH DG AT bL e S 3
i 048700 = 285 A1 30 AR B S AN (] By B 2 [ R AL A
FPF G R o MAh, X e T VAR AR AE R 5 Can 5 3D
JOE R, ASRe e T8 RBEVPANTY, Bz SEBA [H]
RIEZ DIRENE 7 e A I G T HESRP

R R RS RS 2 Dhae Pk & & ),
Holting ZP & T — ol i) 2 REER 2 D RetEfE &
TiiE . BITEAS L Z R T o 1 B 2L JE
&, 181 F E ¥ (ecosystem service richness). % J&
(ecosystem service abundance) ! % Ff 4 (ecosystem
service diversity) KM AT RG MRS F&EHR—
FE AR MIR M AS RAER S E; ZERR
[F LI 2 AN AR RGR S R AL 2 FE 1 2
ZEMEEEMGEE R, HTARESRGRS
) EALANR], 75 AT bR . JEH o FI B 2 1)
REMER PP A S R4k 5s 2 DhgetE, 17 A Simpson
ZHMERECRER G D, FEEHWARGERAS
%51 2= 57 M Bray-Curtis F88CRE R (N 2). T
MNTEANFRERFERAESRZRA RS H A, ol
B Z ThretEn] A 1i fe it 2 REER 2 DI Rett . o 22
Rtk EEH TR, AR RG0S 2 M1
BZ UIREME F B T MR E, KA [F] X 35

TR RGO . XS R 2 ThRg
PR B T8 R A K XS R I AR S R GRS
AR R 55X SEBUC R 0 2 DR R AR B 2P,

N
D= I_Zizlpiz 1
2C 4
BCy=1-—"! 2
J S;+Sk @)

A DN Simpson 8% N NS R GRS I
B p A i DRSS HIEEHI; BCy 4 Bray-Curtis fi
B v k AP BT S) S 23000 Ak PRAS
FICHIAES RS I Cy NP BT R A S &
Gl 55 B IME IR 55 AT

SebR b, TEREAT 2 ThRe tE B ), MY B & s
JURE ), 22 AN AR5 1) (R AR DG 1t 75 225 1, a4
BIUARAES . BEIRYIFh 22 FF 1 B 1 2 Rl i) A=
BRGIMIIAAL, 2 DyRe 15 A8 1 183X Le )
FEHEI AR 55 - Byrnes 25P%A1 Chao 251X J7 1T HX
3 78T I E Lk, A A AE AR 2 AR R ) Hil
& 2 (Hill numbers) K &AL 2 ThAE M . Hill $8E0E Y
Pl =F & B S 3550 FE (RN 2% %, i Hill 48 5401 ¢
B B BB R 48— AN R 1 2 FE I 4R 2. Chao 55557
W Hill S8 8O M Z FE 1. RAEKE 21 D)
B8 22 A 11 DL SR DG I AR ALL I N 22 i 48— o, BN
Hill-Chao #8544, ZIBEE A AN FEZ X Z FEVERA] 53
fRHF1E » Byrnes 25PUE B Chao Z:P75¢ T 9 £ £
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LICREy RUEE IR 22 D REVE 73 i o A1 B RSesy, T ELlxt
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P2 B 3, HGHOARER 2P,

1
H P Lai(T) 9 \T-q
ME @)= D wis | S Lq>0, g#1
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dij
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A ME (O g 2 ThEENE, f£958 i MRS K
T wiNE i MRS IR, H OVESRGH THEAD
B T NRAE A IR S5 18] 22 S R RME, ai(n) N5 &
P AN R 55 1) £ AR O 1 IR 75 20 R0 58 0 A R 55 18T K
oy diy AP AR SS TR] R B (253D

BEAh, BIR WAL AT A B A 2 1 I 5 A K
25 A Dhfe, (B Rl RO AR MESS B, JR A2

RGBS I BETIA R SIS R ERUET K R
YR SRAE — A X35 2 Rl Al 55 1) At 2 A e A 58 I 1] B
RAC, LSO RE 1 2 DhRe R 2 H AREY (H 5%
MRE 2 Th BE IR B KAEAS BERHE JR) B 1K) 22 Th ek,
PRI Ay Je 0 ) — e JIR 55 0 HR T 1 e 95 AN T B AR
MEREZ R 22 DhRETE 5 4 PO B T O B )08, R 8
BIEAFNEL F5 o f1 B ZIREMELR G H REREATIRAL -

4 FHFAEKER RS i AN
A AL

I FH AR A KA FNARAL T VE R AR [F 27
Bt Cl ZOX RS KRGS 2, e
A BKM L, ARG E R PR 2 H i
¥, (multi-objective optimization), 17 F % R A= 4 A5
RUHEAT A A 77 | B I A 25 ) 22 A 1P PR ASE4DL AT 42
BT, Rk, A SRS 2 DR i B
F, AEIRZ AN ) I 55 2 1) 1R R AS AN B 8 5G 28 77 1T
WA T —sitfE. K240 THARESRGIRS 2
Diae a8 A KRBT BT 6 2 TR
BT R . T LUE H, ARM A B AT A&
MZ RV R TR 2 AR RGEIRS, XL
Fa bR A] DU AR AR A KA R B B Hrh FLARK

R2 BRMRETRERS S IHREEEEEMFMAILRE
Tab.2 Simulation and optimization models for forest management of ecosystem service multi-functionality
it X (VWS EZUEN L R SCHR
Model Country Modeling scenario Multi-functionality composition Application scale Reference
AAE R R AN AR,
s R + S (EAL A Planting KA = SRR Z AR iEREL B3 Wood
. . Hiy 1 . o . . S A 0
SwissStandSim Switzerland density, thinning intensity, production, carbon and biodiversity, recreation, M4y Stand [65]
W selection cutting intensity, and  and protection
climate change
Es B Ak 42 7 _ e Pk M T
Samsarad % TS RZE Uneven-aged /I\M |&5j§ ,’:F%%ﬂffi 4" Timber harvest, 4 Stand [66]
France forest management biodiversity and protection
HORETE L BN AR IR 4R . y o _
ForSAFE N . - > Productivity, carbon storage, wood production, 4> Stand [67]
Sweden increased thinning frequency, ater quantity and water qualit
and shortened rotation period water quantity water quatity
[ HEE . RIKEE
BT 5= Even-aged forest management A Az 7%, B A A Wood production, carbon B Stand o8
Single model Finland and uneven-aged forest and blueberry 7 [68]
management
v RG]y 7 BRI MRS SR 2 R
. . Combination of selective production, carbon storage, and stand structural #4> Stand [62]
Matrix growth model China . . . .
cutting intensity and cycle diversity
A 472 53 ) 77 ] 78R R SAY o . . .
Bt i ﬂ."r = MWM‘J&E?‘.{& KRAFEEF= BRAIED) Z #EME Wood production,  FfHh Sample
MASSIMO . Business as usual and different AT [69]
Switzerland . . carbon and biodiversity plot
intensity harvest
AWREIR. HIBR FEARAE IS T N
SRME AN LT + A AR, B, BT 1 Aok, LR R A=)
JIEYN Biomass energy, carbon Z PSS Wood production, carbon, mushroom  FEHE Sample
SORTIE-ND . . . ; [70]
Canada enhancement, strategies to yield, water supply, soil conservation and plot
reduce vulnerability, business  biodiversity habitats
as usual, and climate change
PR E AL
LR % ] = . R T =
'IL?.E KHLA LY , o A A= FIBR - B Wood production and carbon  Forest
Empirical growth . flttk Optimization [71-72]
model China storage management

unit




continuous cover forest
management, management
considering climate change
adaptation

regulation, wood, water, and recreation
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Tab.2 (continued)
ot EIE B T7 % Z IR IR SCHR
Model Country Modeling scenario Multi-functionality composition Application scale Reference
B . ALK R
2206 KA el % Light, moderate and heavy  A# 4=, B Wood production and Fores(tl = 7
Empirical growth model ~ China selective cutting, and no carbon . (73]
. management unit
harvesting
o ZE AL
St KA i A ABER B Wood productionand ~ FI e H AT
- - {4k Optimization Forest [74]
Empirical growth model ~ China carbon .
management unit
R PR, ARPER R SCHAT
=y NPy =2t .~ N
LHH MGt WARFIZEESRIL Low, oy o )t Biodiversity, wood ; .
ETCAP medium, and high management . X 1% Region [64]
Turkey intensities production, carbon, cultural values, water
supply, and soil conservation
RMEEF BRI AR AT AT
It g g R B B, A
SIMO-forest simulator oy Clear cutting, continuous cover Wood production, carbon storage and 500 Landscape  [26,28,75]
Finland forest management. control sequestration, non-timber forest products
g ? (such as blueberries, mushrooms, and
visual aesthetics), and biodiversity, etc
- A - N
FORRUS-S (g i} fk. J& A Thinning and Mk iRl Stand structure and S Landscape [76]
Russia reforestation recreation
S oo™ ARV, BT, AR K LA
, i Biodiversi
Remsoft, StandSim + Z 77 % Multiple scenarios FF it Biodiversity, carbon 5 Landscape [63]
SADfLOR. InVEST sequestration, wood production, soil and
EFISCEN-space water conservation, and recreation
W YN L. Xf HE Business as usual, ﬁﬁ B 7J(.)ﬁ‘ ﬁi%iﬁ—ﬁ Carbon, -
oodstock wind protection, water quality, and M Landscape [771
Canada control TR
biodiversity
BRGE. HEKEE, Hib
P 2445 Rotation management, AM A= BB TP AR 2 FE
Monsu Firim d continuous cover forest Wood production, carbon storage, carbon M Landscape [78]
management, and other balance, and biodiversity
management practices
g T DO A e, e st Tk 4
SILVA - ©00¢ production, muti- Productivity, carbon sequestration, and W Landscape [79]
Germany functional management, and
control groundwater recharge
A bk LA RS LA bk A s .
e pRAMER IS Kb k. AR L
LanClim - g g £ Wood production, biomass, tree species 5t Landscape  [80-81]
Sweden and uneven-aged forest R
and stand structural diversity
management
. . RIS BRIBAT AP 2 BEVE LA
B ERRTE + ({72 \ :
LS R i %).MI BRI + LRI B4 Wood production, carbon o
PICUS . Business as usual, and control . s . 5 Landscape  [82—-83]
Austria . sequestration, biodiversity, and landslide
under climate change .
protection
2 . ) s PR B
Fi EHE Lﬁﬁ@%% ML i‘ggﬁairj?sid tlii&oﬁas?ijrjco?ﬁej‘ e
LPJ-GUESS - B2 Control, even-aged and . . > > M Landscape [84]
Sweden predisposition to storm damage, carbon
uneven-aged forest management storage, and culture, ctc
WA BRI g i, s, WU,
1[5 S ~ontrod, B E%E Avalanche and rockfall =
YAFO G business as usual, light and . . . . W Landscape [85]
ermany S . prevention, soil erosion, climate
moderate thinning under climate .
regulation, and stock volume, etc
change
F - WL FREE. BREE KRFEEF Bk SR K Wood
ForClim Switzerland Control, business as usual, and  production, carbon, biodiversity, and X 1% Region [86]
alternative management disaster mitigation
SRR HMAE . BAL
HLRREE  HEREE ., %
FERIRT SRALA I 2 E
Complete protection, business AWML FEE LRI AEPIREIR. 175 =M%,
51199 as usual, intensive management, A#4f. 7KF1Y7% Biodiversity .
. > > X 1)
SiTree Norway extensive management, conservation, bioenergy, climate [X 45t Region (871
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K 4 5 47 4 PICUS. SILVA. MASSIMO %%, it
FE LA 4 Samsara2. LPJ-GUESS; #k43 7K ~F [ 4 56
R G SwissStandSim. T BRI AR 4L #3567 &
1 ETCAP. Woodstock. YAFO. SIMO %5, #k7p Bk
Hiy 2 B R I ORBE, 50O RUBE (1) B 708 i 45 31
M. AL =R 55 5 M (business as usual). [A]# AR
B RS E A FRAGRE 1 5B X e 2 W
WA, IR 22 E T RN SRS S AL &, O —
FGHT a3, e mT RASA L X S5 A8 A 1R 33 3 1 2 o
RERRMRZ S IR ALK IR . Biber 25T LARKIN 9 NEZXK 10
MRS SVIE SUIPSPUE S € I NCIESY=6 1 oS
M RGURS 100 )5 1284k o 0T8> 451 7t
Fe, HRAE AT AR AR AR AR KRR LA o @i
IINT, TRV T ARM A= BRWAT R AE ) 2 FE A 7 2
[ (1) S AT R B 98 5% 2R, LI AR R BB S T R SR 5%
Fo ERFTLH, R T MRS S 1 5%,
Ah, ARSI K R B A RS, R A A
43 W TR R 2 B AR TR SR A 11104,

5 AL #H

AR RGN Z Thae v SO IR, HAESEbR
P E AT G 2 W Q)i A2 28 22 o0 T
FRMAEB RS Z etk BRI 7T 45 R [FZ Ik
IRRARE BRI LS &, 2R B FEZH 7 1A
5.1 ZIhEEEIERIIERE

S BIEAS R R 55 0 4 b 22 S 30K, TR U4 I
FAIR IR ST . RIEh Z g — W) K7, 115
BHES ARG ARG LR RS E . £ 1
BANGEH T SOk EE S RFERS B, AR
MEERE T . WK 1A LUR H, — L2848 bR, Qibkis ™
IR RS, M SRS 2 L i E
WEZ SCHREIR S, 2 SO RS « K A 2 1
PR SRR IR 55, (B 1R T AR 55 . —2edR 4
TEMRS (FEHID JZ IR, — S AERRE S AL B 2
Ko — BB bR I I 2 5O 3k, (HIFA T
() AR 25 IR 2% J8 0 DU 3R AT, — 6 2 Bl AR AL A4S
o BARREAR LS FR EZEEE 2 R, Lk
i T R AN T (S Qs Pt P 8k E A 2 =R 7
) J5R TR DA R 6 6 22 T g 1 1 o R AN AR ), e H 2
W 5 B SR AR AR E B bR IbAh, BEE AL 4T
(R g, NATTRE AR PK H R A5 R b 2 52 (1 75 SR i ok
EREEZY, SR, FoOURIE R E Bk Y, SR
ik — B IT R AR STAUAR 55 110 B2 B AR AR AT 55
52 ZIREMEETE

AR RGNS 2 TRe & — A%z 1
& AR RN RO BRI AER AT E & R, B25%

A NG — S AR 7 VR R BT VRS o MR G AR AR
228 FRIE L) B A ek B8O ek Ok R R
% H bR, AR 5 A0 N R 1 3B R R (B VA ) 1
CEETRA. (HX LR — P LR B TR EUN T, SR
PRIAN TR H b 8 R 25 2 RE (8] (AU AP 58 &R .
] 25 R A [ A 25 R 25 48 A T) RS R B 1 O 3R L S
DIARGr ARG S B 2505 R MR AE S RS £
IREHEIEI AT LR, FERIARMR S E B R, KT
B BT ) L. Siwicka 5| N T —FZ T
R 28 53 A1 5 9%, ) FH 9 28 B SR VAl 22 ThRE M B A
DIRe AR R DI BE 2 AR R, TV RA
5 25 18] ¢ ZR 18 AT B L AT DAFR 7~ A% = A ) HE
SRS, B R AES RAMS L IR E R
PEMIEEAR . Chao VORI TR H 124 T Hill $8501 2
Dife it HESE, BAA P REE. a0 fif. gi— 15
R B TR A 0 FR AR RPN 7 1 T 2 BR ) AR
HMZ TR s LB RN .
53 ZERMMAENRE

WRMAELD RGNS Z DRI N FRIRE S
R AR bR AT R 82 225 T 06 SR BER, R Jb TU 0 R AR A
MRS RS M)A H BN, R R
EERGNS Z DR R E R L, HILIERLA
o LR AR AE KON TRl . BR T AR A 7= 46, HoAth
BRGSO FIFE IR B2, X TREXHT
FRAE KA, ol I F — L8 25 5 I = ) A8 B dk AT 7l
WMo BT ARAREGE FRIA A B2 0 R i
Vi) 0 2 )RR B A5 B AR AR ], RO R RS
L2 IR AR RR 3 J2 IR I 26 K TR 5 A 40192, 7
WRAFE IR, 32 Bl R A A, BRI (b A A
[ RESE I 2 ThREVE AR B SRS TEMRARE B B
(FHDZE IR, T ZARAAR BN L 50N E 2 Dhee v
ANFEIRRARE B SRBE (P LU o X SR AE AR AR 275
Rl 2278 5 R0E, RA 2 B AR AR A AP, %
JE 22 i A 25 R 4% R RO B I, SEBI 22 T RE M B K
R HE AR e o A B FE B 45 KRG, AR
25 1 (PR A B 0% RAFAERR AR vk o el
Py R = B SRR AR AE TS RGIR %S 2 DhRetE
T2 ERA TR, &2 SIS, TR
WA 6, SEIUR 7 FFR IR 8 B SN R R
BRGNS TN . LB RS IEAR 2 FEVESE I T
RN 1) 5T Ak, RN AN AR S IR %S B AR &
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A4S %, TR T RSO AR 45 o R R I T 5
A B B AN AR A Sk TR e B A
WD A R GRS HO oS 18 0 d i CR R 022 Thigg
EDIERY=oH R EIRE oY AN Z = SR (A KO- AT



8 b M ok Ko ¥ R 46 &
Z( ﬁi?&%éﬁﬂ&%lﬂ E‘J*X@j*ﬂﬁ]‘lﬁ?é/‘?ﬁ, u&‘ﬁ% Huang X B, Lang X D, Li S F, et al. Indicator selection and
*1@]—. *l] Wj\ A 3‘,% /% l}ﬁ EH— Zs ﬁ[l 1@‘/E ’“ﬁ%filﬁ %[1 % b IEJ B, driving factors of ecosystem multifunctionality: research status
5 2 ¥ @ and perspectives[J]. Biodiversity Science, 2021, 29(12): 2773—
2786.

[ 1] Millennium Ecosystem Assessment. Ecosystems and human well- [12] Yuan Z, Ali A, Ruiz-Benito P, et al. Above-and below-ground
being: current state and trends: findings of the condition and biodiversity jointly regulate temperate forest multifunctionality
trends working group [M]. Washington : Island Press, 2005. along a local-scale environmental gradient[J]. Journal of Ecology,

(2] EY, EU, @red], 5 EMZHESES ARG L etk e 2020, 108(5): 2012-2024.

AWIFCRERE [1]. 2R 44k, 2022, 42(1): 11-23. [13] Ouyang S, Gou M, Lei P, et al. Plant functional trait diversity and
Wang K, Wang C, Feng X M, et al. Research progress on structural diversity co-underpin ecosystem multifunctionality in
the  relationship ~ between  biodiversity ~and  ecosystem subtropical forests[J]. Forest Ecosystems, 2023, 10: 100093.

multifunctionality[J]. Acta Ecologica Sinica, 2022, 42(1): 11-23. [14] Li S, Huang X, Lang X, et al. Cumulative effects of multiple

[ 3] Messier C, Bauhus J, Sousa-Silva R, et al. For the sake of biodiversity attributes and abiotic factors on ecosystem
resilience and multifunctionality, let’s diversify planted multifunctionality in the Jinsha River Valley of southwestern
forests![J]. Conservation Letters, 2021, 15: €12829. China[J]. Forest Ecology and Management, 2020, 472: 118281.

[4] Felton A, Belyazid S, Eggers J, et al. Climate change adaptation [15] LanlJ, Lei X, He X, et al. Multiple mechanisms drive biodiversity-
and mitigation strategies for production forests: trade-offs, ecosystem service multifunctionality but the dominant one
synergies, and uncertainties in biodiversity and ecosystem depends on the level of multifunctionality for natural forests in
services delivery in Northern Europe[J]. Ambio, 2024, 53(1): northeast China[J]. Forest Ecology and Management, 2023, 542:
1-27. 121101.

[ 5] Winkel G, Lovri¢ M, Muys B, et al. Governing Europe’s forests [16] FH8r, WEE. EMEHEE LTS RAE L RN Z RSN
for multiple ecosystem services: opportunities, challenges, and K LS R (). S ER SR, 2021, 45(10): 1094-1111.
policy options[J]. Forest Policy and Economics, 2022, 145: Jing X, He J S. Relationship between biodiversity, ecosystem
102849. multifunctionality and multiserviceability: literature overview and

[ 6] Thrippleton T, Blattert C, Bont L G, et al. A multi-criteria research advances[J]. Chinese Journal of Plant Ecology, 2021,
decision support system for strategic planning at the Swiss forest 45(10): 1094-1111.
enterprise level: coping with climate change and shifting demands (171 R EMOLRHERE T B2 Dhaepfollgn 5 4. o E 2 e tkol &
in ecosystem service provisioning[J]. Frontiers in Forests and JEIEBIRZR [M]. dbxT: o E AL H AR AL, 2010.

Global Change, 2021, 4: 693020. Editorial Team of Multi-Functional Forestry of Chinese Academy

[7] FE AESEFERRERMAES RS MRSS T 6e ol s of Forestry. Exploring multi-functional forestry development path
B [J]. o EK R RERLZE, 2027, 14(1): 1-11, 151. of China[M]. Beijing: China Forestry Publishing House, 2010.
Wang B. Practice of theory of ecological continuous inventory (18] W HEIE, BESE, skIFiE, 5. RE Z RN E N ERRE
system in the evaluation of forest ecosystem service function[J]. 5x 5t AL (1], Mol R IRE 2, 2013(2): 10-27.

Science of Soil and Water Conservation, 2027, 14(1): 1-11, 151. Zeng X W, Fan B M, Zhang H Q, et al. A study on the theory and

[ 81 =3, A, (5K, 5. #H WG RARFETRAHRES RAZ strategy of multifunctional forest management in China[J]. Forest
ReE I RANR R [J]. AR F4R, 2021, 41(13): 5128-5141. Resources Management, 2013(2): 10-27.

Lan J, Lei X D, He X, et al. Multi-functionality of natural mixed [19] Moo, xZE4], FHAR, F NTHRZINREEHRER ]
broad-leaved forests and driving forces in Jilin Province[J]. Acta r AR RFRCR 2224, 2017, 37(7): 1-10.
Ecologica Sinica, 2021, 41(13): 5128—5141. LuY C, Liu X Z, Lei X D, et al. Technical system for plantation

(9] 4830, s, i, &5 JET Invest B K ZR AR S R SR multi-function management[J]. Journal of Central South
S ThReVEAL I Fudt R (], AL 7T, 2020, 33(4): 19-24. University of Forestry & Technology, 2017, 37(7): 1-10.

Zou W T, He Y J, Ye B, et al. Research advances in forest [20] TicAk, MR, MAES RE L DRetE KL E LR 7).
ecosystem services evaluations based on the InVEST model[J]. FrEE AR R F544R,, 2022, 42(10): 1-8.
World Forestry Research, 2020, 33(4): 19-24. Xiang W H, Lei X D. Forest ecosystem multifunctionality and

[10] 44, h¥r, B, & S REZ DRt & 7% ()], £ management optimization paths[J]. Journal of Central South
M RENE, 2027, 24(1): 72-84. University of Forestry & Technology, 2022, 42(10): 1-8.

Xu W, Jing X, Ma Z Y, et al. A review on the measurement of [21] Hector A, Bagchi R. Biodiversity and ecosystem
ecosystem multifunctionality[J]. Biodiversity Science, 2027, multifunctionality[J]. Nature, 2007, 448: 188—190.
24(1): 72—84. [22] Manning P, van der Plas F, Soliveres S, et al. Redefining

(11] BN, BR22AR, BRI, 5 A SR L RN RS ecosystem multifunctionality[J]. Nature Ecology & Evolution,
REHPE T BT AR SR E 1] W E R, 2021, 29(12): 2018, 2(3): 427-436.

2773-2786. [23] Hoélting L, Beckmann M, Volk M, et al. Multifunctionality


https://doi.org/10.1016/j.chnaes.2020.11.008
https://doi.org/10.1016/j.chnaes.2020.11.008
https://doi.org/10.1007/s13280-023-01909-1
https://doi.org/10.1016/j.forpol.2022.102849
https://doi.org/10.3389/ffgc.2021.693020
https://doi.org/10.3389/ffgc.2021.693020
https://doi.org/10.1111/1365-2745.13378
https://doi.org/10.1016/j.fecs.2023.100093
https://doi.org/10.1016/j.foreco.2020.118281
https://doi.org/10.1016/j.foreco.2023.121101
https://doi.org/10.17521/cjpe.2020.0154
https://doi.org/10.17521/cjpe.2020.0154

55

TARR: RS R GRS 2 DhRedE: MES. SRR 2 B Bt i 9

[24]

[25]

[26]

271

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

assessments-more than assessing multiple ecosystem functions
and services? A quantitative literature review[J]. Ecological
Indicators, 2019, 103: 226—-35.

Nocentini S, Travaglini D, Muys B. Managing mediterranean

forests for multiple ecosystem services: research progress and

knowledge gaps[J]. Current Forestry Reports, 2022, 8(2):
229-256.
Trauschek F, Rammer W, Lexer M J. Evaluating

multifunctionality and adaptive capacity of mountain forest
management alternatives under climate change in the eastern
alps[J]. European Journal of Forest Research, 2017, 136(5—6):
1051-1069.

Peura M, Burgas D, Eyvindson K, et al. Continuous cover forestry
is a cost-efficient tool to increase multifunctionality of boreal
production forests in Fennoscandia[J]. Biological Conservation,
2018,217: 104-112.

Triviio M, Pohjanmies T, Mazziotta A, et al. Optimizing
management to enhance multifunctionality in a boreal forest
landscape[J]. Journal of Applied Ecology, 2017, 54(1): 61-70.

T, Eyvindson K, Triviio M, Forest

Pohjanmies et al

multifunctionality is not resilient to

European Journal of Forest Research, 2021, 140(3): 537-549.

intensive forestry[J].

Blattert C, Lemm R, Thees O, et al. Management of ecosystem
services in mountain forests: review of indicators and value
functions for model based multi-criteria decision analysis[J].
Ecological Indicators, 2017, 79: 391-409.

Felipe-Lucia M R, Soliveres S, Penone C, et al. Multiple forest
attributes underpin the supply of multiple ecosystem services[J].
Nature Communications, 2018, 9(1): 4839.

Brandt P, Abson D J, Dellasala D A, et al. Multifunctionality and
biodiversity: Ecosystem services in temperate rainforests of the
Pacific Northwest, USA[J]. Biological Conservation, 2014, 279:
362-371.

Sndll T, Triviio M, Mair L, et al. High rates of short-term
dynamics of forest ecosystem services[J]. Nature Sustainability,
2021, 4(11): 951-957.

Jonsson M, Bengtsson J, Moen J, et al. Stand age and climate
influence forest ecosystem service delivery and multifunctionality
[J]. Environmental Research Letters, 2020, 15(9): 0940a8.

Zeng Y L, Wu H L, Ouyang S, et al. Ecosystem service
multifunctionality of Chinese fir plantations differing in stand age
and implications for sustainable management[J]. Science of the
Total Environment, 2021, 788: 147791.

Jonsson M, Sndll T, Leverkus A B. Ecosystem service
multifunctionality of low-productivity forests and implications for
conservation and management[J]. Journal of Applied Ecology,
2020, 57(4): 695—706.

Gamfeldt L, Snall T, Bagchi R, et al. Higher levels of multiple
ecosystem services are found in forests with more tree species[J].
Nature Communication, 2013, 4: 1340.

Guan S Y, Lu Y C, Liu X Z. Evaluation of multiple forest service

based on the integration of stand structural attributes in mixed oak

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

(471

(48]

[49]

[50]

[51]

[52]

forests[J]. Sustainability, 2022, 14(14): 8228.
Simons N K, Felipe-Lucia M R, Schall P, et al. National forest
inventories capture the multifunctionality of managed forests in
Germany[J]. Forest Ecosystems, 2021, 8(1): 5.

Brockerhoff E G, Barbaro L, Castagneyrol B, et al. Forest
biodiversity, ecosystem functioning and the provision of
ecosystem services[J]. Biodiversity and Conservation, 2017, 26:
3005-3035.

Kowalska A, Affek A, Wolski J, et al. Assessment of regulating
ES potential of lowland riparian hardwood forests in Poland[J].
Ecological Indicators, 2021, 120: 106834.

Li S F, Liu W D, Lang X D, et al. Species richness, not
abundance, drives ecosystem multifunctionality in a subtropical
coniferous forest[J]. Ecological Indicators, 2021, 120: 106911.
Xie H T, Wang G G, Yu M K. Ecosystem multifunctionality is
highly related to the shelterbelt structure and plant species
diversity in mixed shelterbelts of eastern China[J]. Global
Ecology and Conservation, 2018, 27: e00470.

Huang X B, SuJ R, Li S F, et al. Functional diversity drives
ecosystem multifunctionality in a Pinus yunnanensis natural
secondary forest[J]. Scientific Reports, 2019, 9(1): 6979.

van der Plas F, Ratcliffe S, Ruiz-Benito P, et al. Continental
mapping of forest ecosystem functions reveals a high but
unrealized potential for forest multifunctionality[J].

Letters, 2018, 21(1): 31—42.

Ecology

Giguere-Tremblay R, Laperriere G, de Grandpre A, et al. Boreal
forest multifunctionality is promoted by low soil organic matter
content and high regional bacterial biodiversity in northeastern
Canada[J]. Forests, 2020, 11(2): 149.

Creamer R E, Barel J] M, Bongiorno G, et al. The life of soils:
Integrating the who and how of multifunctionality[J]. Soil
Biology and Biochemistry, 2022, 276: 108561.

Queiroz C, Meacham M, Richter K, et al. Mapping bundles of
ecosystem services reveals distinct types of multifunctionality
within a Swedish landscape[J]. Ambio, 2015, 44(Suppl.1):
S89-101.

Jing X, Prager C M, Classen A T, et al. Variation in the methods
leads to variation in the interpretation of biodiversity-ecosystem
multifunctionality relationships[J]. Journal of Plant Ecology,
2020, 13(4): 431-441.

Bymes J E K, Gamfeldt L, Isbell F, et al. Investigating
the relationship  between

biodiversity and ecosystem

multifunctionality: Methods in
Ecology and Evolution, 2014, 5(2): 111-124.

J E K, Roger F, Bagchi

challenges and solutions[J].

Byrnes R. Understandable
multifunctionality measures using hill numbers[J]. Oikos, 2023,
2023(2): €09402.

Holting L, Jacobs S, Felipe-Lucia M R, et al. Measuring
ecosystem multifunctionality across scales[J]. Environmental
Research Letters, 2019, 14(12): 124083.

Mori A S, Isbell F, Seidl R. B-diversity, community assembly, and

ecosystem functioning[J]. Trends in Ecology & Evolution, 2018,


https://doi.org/10.1016/j.ecolind.2019.04.009
https://doi.org/10.1016/j.ecolind.2019.04.009
https://doi.org/10.1007/s40725-022-00167-w
https://doi.org/10.1007/s10342-017-1051-6
https://doi.org/10.1016/j.biocon.2017.10.018
https://doi.org/10.1111/1365-2664.12790
https://doi.org/10.1007/s10342-020-01348-7
https://doi.org/10.1016/j.ecolind.2017.04.025
https://doi.org/10.1038/s41467-018-07082-4
https://doi.org/10.1038/s41893-021-00764-w
https://doi.org/10.1088/1748-9326/abaf1c
https://doi.org/10.1016/j.scitotenv.2021.147791
https://doi.org/10.1016/j.scitotenv.2021.147791
https://doi.org/10.1111/1365-2664.13569
https://doi.org/10.1038/ncomms2328
https://doi.org/10.3390/su14148228
https://doi.org/10.1186/s40663-021-00280-5
https://doi.org/10.1007/s10531-017-1453-2
https://doi.org/10.1016/j.ecolind.2020.106834
https://doi.org/10.1016/j.ecolind.2020.106911
https://doi.org/10.1038/s41598-019-43475-1
https://doi.org/10.1111/ele.12868
https://doi.org/10.1111/ele.12868
https://doi.org/10.3390/f11020149
https://doi.org/10.1093/jpe/rtaa031
https://doi.org/10.1111/2041-210X.12143
https://doi.org/10.1111/2041-210X.12143
https://doi.org/10.1111/oik.09402
https://doi.org/10.1088/1748-9326/ab5ccb
https://doi.org/10.1088/1748-9326/ab5ccb

10

Sl Ay

L SNAEPN

546 4

¥k

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

(61]

[62]

[63]

(64]

[65]

[66]

33(7): 549-564.
Chao A, Chiu C H, Hu K H, et al. Hill-Chao numbers allow
decomposing gamma multifunctionality into alpha and beta
components[J]. Ecology Letters, 2024, 27(1): e14336.

Hill M O. Diversity and evenness: a unifying notation and its
consequences[J]. Ecology, 1973, 54(2): 427-432.

Chao A, Chiu C H, Jost L. Unifying species diversity,
phylogenetic diversity, functional diversity, and related similarity
and differentiation measures through hill numbers[J]. Annual
Review of Ecology, Evolution, and Systematics, 2014, 45:
297-324.

Chao A, Chiu C H, Villéger S, et al. An attribute-diversity
approach to functional diversity, functional beta diversity, and
related (dis) similarity measures[J].

2019, 89(2): e01343.

Ecological Monographs,

Chao A, Henderson P A, Chiu C H, et al. Measuring temporal
change in alpha diversity: a framework integrating taxonomic,
phylogenetic and functional diversity and the iNEXT. 3D
standardization[J]. Methods in Ecology and Evolution, 2021,
12(10): 1926—1940.

Manning P, Loos J, Barnes A D, et al. Transferring biodiversity-
ecosystem function research to the management of ‘real-world’
ecosystems[J]. Advances in Ecological Research, 2019, 61:
323-356.

le Provost G, Schenk N V, Penone C, et al. The supply of multiple
ecosystem services requires biodiversity across spatial scales[J].
Nature Ecology & Evolution, 2023, 7(2): 236—249.

Neyret M, Peter S, le Provost G, et al. Landscape management
strategies for multifunctionality and social equity[J]. Nature
Sustainability, 2023, 6(4):391-403.

Buongiorno J, Dahir J S, Lin C, et al. Tree size diversity and
economic returns in uneven-aged forest stands[J]. Forest Science,
1994, 40(1): 83—103.

W, AR, YR, &5 KA s MR A KR K 2
HAREE B [J]. Mol R, 2011, 47(6): 77-87.

Xiang W, Lei X D, Hong L X, et al. Matrix growth model and
harvest scenario simulation for multiple uses of larch-spruce-fir
forests[J]. Scientia Silvae Sinicae, 2011, 47(6): 77-87.

Biber P, Felton A, Nieuwenhuis M, et al. Forest biodiversity,
carbon sequestration, and wood production: modeling synergies
and trade-offs for ten forest landscapes across Europe[J]. Frontiers
in Ecology and Evolution, 2020, 8: 547696.

Baskent E Z, Kaspar J. Exploring the effects of management
intensification on multiple ecosystem services in an ecosystem
management context[J]. Forest Ecology and Management, 2022,
518:120299.

Mey R, Zell J, Thurig E, et al. Tree species admixture increases
ecosystem service provision in simulated spruce- and beech-
dominated stands[J]. European Journal of Forest Research, 2022,
141(5): 801-820.

Lafond V, Cordonnier T, Mao Z, et al. Trade-offs and synergies

between ecosystem services in uneven-aged mountain forests:

[67]

[68]

[69]

[70]

[71]

[72]

[73]

(74]

[75]

[76]

[77]

(78]

[79]

evidences using Pareto fronts[J]. European Journal of Forest
Research, 2017, 136(5—-6): 997-1012.

Zanchi G, Belyazid S, Akselsson C, et al. Modelling the effects of
management intensification on multiple forest services: a Swedish
case study[J]. Ecological Modelling, 2014, 284: 48—59.

Pukkala T, Lahde E, Laiho O, et al. A multifunctional comparison
of even-aged and uneven-aged forest management in a boreal
region[J]. Canadian Journal of Forest Research, 2011, 41(4):
851-862.

Blattert C, Lemm R, Thiirig E, et al. Long-term impacts of
increased timber harvests on ecosystem services and biodiversity:
a scenario study based on national forest inventory data[J].
Ecosystem Services, 2020, 45: 101150.

Moran-Orddfiez A, Ameztegui A, de Céaceres M, et al. Future
trade-offs and synergies services in

among  ecosystem

Mediterranean  forests under global

Ecosystem Services, 2020, 45: 101174.

change scenarios[J].
Dong L B, Lu W, Li Z G. Developing alternative forest spatial
management plans when carbon and timber values are considered:
a real case from northeastern China[J]. Ecological Modelling,
2018, 385: 45-57.

Deng W W, Xiang W H, Ouyang S, et al. Spatially explicit
optimization of the forest management tradeoff between timber
production and carbon sequestration[J]. Ecological Indicators,
2022, 142: 109193.

HOR P, P B, XUJENI. JETBRANAM H BRI AR R 2780
R FE [3]. AbHARAL R 2224, 2017, 39(1): 52-61.

Dong L B, Sun Y X, Liu Z G. Integrating carbon and timber
objective into forest spatial planning management[J]. Journal of
Beijing Forestry University, 2017, 39(1): 52—61.

BEE, EARAR, sk fi, S, MR BRI 47 B AR I AR
MAERRITIIL [7]. VAEMABR 43K, 2012, 27(2): 155-162.
Rong J T, Lei X D, Zhang H R, et al. Forest management
planning incorporating values of timber and carbon[J]. Journal of
Northwest Forestry University, 2012, 27(2): 155—-162.

Eyvindson K, Duflot R, Trivifio M, et al. High boreal forest
multifunctionality requires continuous cover forestry as a
dominant management[J]. Land Use Policy, 2021, 100: 104918.
Chumachenko S, Kiseleva V, Kolycheva A, et al. Long-term
forecast of forest ecosystem services under different forest use
scenarios[J]. IOP Conference Series: Earth and Environmental
Science, 2021, 875(1): 012039.

Lundholm A, Black K, Corrigan E, et al. Evaluating the impact of
future global climate change and bioeconomy scenarios on
ecosystem services using a strategic forest management decision
support system[J]. Frontiers in Ecology and Evolution, 2020, 8:
200.

Diaz-Yafiez O, Pukkala T, Packalen P, et al. Multifunctional
comparison of different management strategies in boreal forests
[J]. Forestry, 2019, 93(1): 84-95.

Schwaiger F, Poschenrieder W, Biber P, et al. Ecosystem service

trade-offs for adaptive forest management[J]. Ecosystem Services,


https://doi.org/10.1111/ele.14336
https://doi.org/10.2307/1934352
https://doi.org/10.1146/annurev-ecolsys-120213-091540
https://doi.org/10.1146/annurev-ecolsys-120213-091540
https://doi.org/10.1002/ecm.1343
https://doi.org/10.1111/2041-210X.13682
https://doi.org/10.1093/forestscience/40.1.83
https://doi.org/10.11707/j.1001-7488.20110612
https://doi.org/10.11707/j.1001-7488.20110612
https://doi.org/10.3389/fevo.2020.547696
https://doi.org/10.3389/fevo.2020.547696
https://doi.org/10.1016/j.foreco.2022.120299
https://doi.org/10.1007/s10342-022-01474-4
https://doi.org/10.1007/s10342-016-1022-3
https://doi.org/10.1007/s10342-016-1022-3
https://doi.org/10.1016/j.ecolmodel.2014.04.006
https://doi.org/10.1139/x11-009
https://doi.org/10.1016/j.ecoser.2020.101150
https://doi.org/10.1016/j.ecoser.2020.101174
https://doi.org/10.1016/j.ecolmodel.2018.07.009
https://doi.org/10.1016/j.ecolind.2022.109193
https://doi.org/10.1016/j.landusepol.2020.104918
https://doi.org/10.1088/1755-1315/875/1/012039
https://doi.org/10.1088/1755-1315/875/1/012039
https://doi.org/10.3389/fevo.2020.00200
https://doi.org/10.1016/j.ecoser.2019.100993

55

TARR: RS R GRS 2 DhRedE: MES. SRR 2 B Bt i 11

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

2019, 39: 100993.

Temperli C, Bugmann H, Elkin C. Adaptive management for
competing forest goods and services under climate change[J].
Ecological Applications, 2012, 22(8): 2065—2077.

Pang X, Nordstrom E M, Bottcher H, et al. Trade-offs and
synergies among ecosystem services under different forest
management scenarios: the LEcA tool[J]. Ecosystem Services,
2017, 28: 67-79.

Trauschek F, Rammer W, Lexer M J. Can current management
maintain forest landscape multifunctionality in the eastern Alps in
Austria under climate change?[J]. Environmental

Change, 2015, 17(1): 33—48.

Regional

Langner A, Irauschek F, Perez S, et al. Value-based ecosystem
service trade-offs in multi-objective management in European
mountain forests[J]. Ecosystem Services, 2017, 26: 245-257.
Lagergren F, Jonsson A M. Ecosystem model analysis of multi-
use forestry in a changing climate[J]. Ecosystem Services, 2017,
26:209-224.

Hartl F H, Barka I, Hahn W A, et al. Multifunctionality in
European mountain forests: an optimization under changing
climatic conditions[J]. Canadian Journal of Forest Research, 2016,
46(2): 163—171.

Mina M, Bugmann H, Cordonnier T, et al. Future ecosystem
services from European mountain forests under climate change[J].
Journal of Applied Ecology, 2017, 54(2): 389—401.

Caicoya A T, Vergarechea M, Blattert C, et al. What drives forest

[88]

[89]

[90]

[91]

[92]

[93]

multifunctionality in central and northern Europe? Exploring the
interplay of management, climate, and policies[J]. Ecosystem
Services, 2023, 64: 101575.

Marquez L A M, Rezende E C N, Machado K B, et al. Trends in
valuation approaches for cultural ecosystem services: a systematic
literature review[J]. Ecosystem Services, 2023, 64: 101572.
Siwicka E, Gladstone-Gallagher R, Hewitt J E, et al. Beyond the
single index: investigating ecological mechanisms underpinning
ecosystem multifunctionality with network analysis[J]. Ecology
and Evolution, 2021, 11(18): 12401-12412.

Felipe-Lucia M R. Modelling dynamic ecosystem services[J].
Nature Sustainability, 2021, 4(11): 928-929.

Baskent E Z, KaSpar J. Exploring the effects of various rotation
lengths on the ecosystem services within a multiple-use
management framework[J]. Forest Ecology and Management,
2023, 538: 120974.

Baskent E Z, Borges J G, Kaspar J, et al. A design for addressing
multiple ecosystem services in forest management planning[J].
Forests, 2020, 11(10): 1108.

Franga L C J, Junior F W A, Silva C S J, et al. Forest landscape
planning and management: a state-of-the-art review[J].

Forests and People, 2022, 8: 100275.

Trees,

(FTiEHmE & 48
TiERE REE)


https://doi.org/10.1890/12-0210.1
https://doi.org/10.1016/j.ecoser.2017.10.006
https://doi.org/10.1016/j.ecoser.2017.03.001
https://doi.org/10.1016/j.ecoser.2017.06.007
https://doi.org/10.1111/1365-2664.12772
https://doi.org/10.1016/j.ecoser.2023.101575
https://doi.org/10.1016/j.ecoser.2023.101575
https://doi.org/10.1016/j.ecoser.2023.101572
https://doi.org/10.1002/ece3.7987
https://doi.org/10.1002/ece3.7987
https://doi.org/10.1038/s41893-021-00765-9
https://doi.org/10.1016/j.foreco.2023.120974
https://doi.org/10.3390/f11101108
https://doi.org/10.1016/j.tfp.2022.100275
https://doi.org/10.1016/j.tfp.2022.100275

	1 森林生态系统服务多功能性概念
	2 森林生态系统服务多功能性构成指标
	3 森林生态系统服务多功能性评价方法
	4 基于生长模型的森林多功能性模拟和优化
	5 问题与趋势
	5.1 多功能性指标的选择
	5.2 多功能性度量方法
	5.3 经营模拟和优化模型

	参考文献

