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Abstract: The construction of a field observation network for forest ecological inventory system ( FONFEIS) can
provide data support for the research of forest ecological processes, the assessment of ecological functions and the
delivery of ecological values, thus promoting the improvement of forest ecosystem quality and its carbon neutral ca—
pacity. Currently, the lack of long-term, standardized ecological data is one of the major constraints on the effective
assessment of ecological benefits and the implementation of ecological restoration projects. It is therefore critically
needed to develop a FON-FEIS for Yunnan Province, China. Firstly, an index system, involving temperature, wa—
ter, vegetation type, terrain, and functional ecological zone, was constructed based on the factors driving forest
ecosystem functions. Then, GIS spatial analysis technology was used to identify forest ecological zones. Finally, the
FON-FEIS in Yunnan Province was constructed in combination with the layout idea of forest ecological stations,
while the monitoring accuracy of the network layout was evaluated from the perspectives of forests, key ecological
function zones, and priority zones for biodiversity conservation. The results showed that the optimal FON-FEIS was
achieved when Yunnan Province was divided into 22 forest ecological regions and 31 forest ecological stations were
deployed, including 6 key stations, 11 basic stations, and 14 monitoring stations. Currently, 22 stations are under
planning and 9 stations were established. Within this network, the accuracy of monitoring reached as high as
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94.29% , 94.76% and 87.99% on the levels of forest, key ecological function area, and biodiversity conservation
priority area, respectively. The distribution of 25 forest ecological stations matched that of the three key ecological
function areas and two biodiversity conservation priority areas in Yunnan Province. In conclusion, this network
enables the effective, continuous observation and inventory of forest ecosystems in Yunnan Province, which
provides not only the requisite data for the assessment of forest ecological function and ecological benefits, but also
the important information to assist decision-making for major ecological projects and international fulfillment.

Key words: forest ecological zoning; GIS; spatial analysis; network layout; monitoring accuracy evaluation.
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Fig.1 Location of study area



1460

FaE H8H

P& A0 https: / /www.resde.en/) ; B X R EHE ,
U8 2= A ROl A RE SR 22 F 53 e s AR B X R O
Hetle e U5 b A B ) i 4 XK A i (5K
B ,2007) ¢ E A STIREX R IET (A =1k
Al XA (e N RSN [ [ 45 B, 2010) ; 2B £
FEMELR Y S X, SR U5 T (b A ) 2 R PR AR R
W55 AT Bl ) (A A BRI PR B AR 4
2010) ; = A ATEIX R A S FEA AL ( DEM) L
U5 T ERR A= B S IR AR E R

A G 0l i B2 RN T 2 H A B8 AL 3o i
FAER R BRI R BRI AR 2 8 F e K, e i 3 1
e AR RN HC AT 23 [B) 4 () 1] DEM S %) 1B
DRI B AT AL IE A = 1 A A7 BUX R 5 Are—
GIS #5Y T HAR I 2 B 4 i B2 P i AL BOR £
A SR IX R
2.2 EbAMER

D) AT B H AR Y e e X sk 3 4R T P S H
7 SRR 18— T B G A O 2K, R A e X )
TiES KRR bR BOAZ O ( 5945555, 2010) o ARWTSE
WM F 8 AR S R GE A 3 S K [ 1
KA~ B A S XA R R, FEERER
fi AERE A WP K F1 32 A R T RE X AE K £
Horpi R XY AR KO B B R s R Y
AERIR AR R H B =10 °C) N8R, K48
PR T 32 g B0k Al e (KR, 2008) 5 AB B2 Y
bR e R e DR 1) 5 TR X ), X 02 il T %
2 DX 000 S R 7K FRORA | o 45 1l I BRI 3 B A A
By 57, It HARSE DL S 1l 73 S8 BT A7 IXRI; B
FRPRIEFEZE DEM MOE 5 B9 HIE IR, % XK = F
B3R 6 53X, 43 Sl Ay AR e 1 A0 e /N R AR
Ly 7Y e g L v e g L L B e i
AR L A PG SR e / /NS AR ARG L 23 b A AT 1L
VNN N =T TS SO B BRI = e A 6 AU SR SR
REXFE Y Z R LA IR X, = B EAEDS
T RE DX A A B TEL I A A T AL Bl v AR S T RE XA
EHARNRSL A Z R A ST RE X, LR Z R P
De 2 DAL TR IR L P BOAE W) 2 AR MR AP O SE X
e —2 i L —XUEN LU A= P 22 R 1 DR AP A0 56 DX XL
WA A= W Z REPE DR I S X
2.3 MR

Kriging J7 ARG 07 T AE A Js ok DL, 32
AR R AR RS S R IEAT IR N A ASBIFSE rpal fift
IR B E RGBT el TEOIR
RN P 3 o AR A (EDRS B2 fi =, ELOG T KLAG

(E7 32 (AT AR A5, 2008) PRI AR SR FH ERCARASE 7
AT S BRI, A B R L AR
BRI o BRCIRAR AL UL 22 30T

0 0 h=0
B /3. h 1K

v(h)= |:ﬂ0+C(2><a—2><a3) O<h<a
% C,+C h>a

K Co B RUNAE , R h AR/INSF P 6 [R]22 HE(E
(AR C o BE A, R AR B e F 5 Y1 L PN A A 5
FEE; a 7R h R RS o

FEF BRRAR A 8 12 3530 vw A TEA A A TR
JERTRAEHX &), Il i GIS Bl #r ik s = g
BAEMEX T B = w5 X R b b5 X R
( 2 DEM ¥ 1E) FU B X 2547 GIS 25 8] & 4
BT, $ehm B 258 4 55 5 3 B A A XS A Bt DXl
TR XA 5 X s ARG /N, B0 B AR , AR iE
G 4FEH FONFEIS 1y HAR¥EIX . B, 2k H & IF 45
HEFRBOL 8 0 B I I P BB 436 I T B AR SR X
B, A AR R Y H bR B X ( $8EE,2014) o A5 TE HAR
B DX AT AR AR S0 I 12 2 ol 1) SE B S 0 5 R
JEALARARAEZS A3 XA AR R 349 J5 X 488, AN i S 0 ) 1X
SR AR A 5T DI, BIZ AR 2553 X R A R 3

ANTR] B E A DA, W ORS AN [R) L A i i
BB H AR X, A A X 3R 25 75 AN [ 7
A S X504 A 0 5 B A7 WA A 3 TR,
KRR A RCR:

P=1-1(X-T) /TI
Ao POy WIS BE: X SRy AR A= 285 3l 19X 4% ] AW i e
TR T R AR 25 DR ) S AT TR AR o AR B0 1 DA
JEEVEHUATE 1 H AR FE XA, AT R B 2 7 48 AR AR
XK.

VSRS IIRE X AR SRR AR Y A S X A
A TTBIX R BRI T GIS %5 8] & & /0, 2L
AMABTIREEAY, 25 [ 6 I AR )8 M5 AR I =
2.4 L Ab SR EE VAN

HT = A RMAES XA, #E17 FONFEIS 15
Ja AT SR BN

(1) R fAIE FONFEIS fgfg Wi 2 By A AR AR
B R FRMAER D X RK B R 1A RS
Uhio FEBMAES DX E L @EBA A,
PG A FONFELS HL ) , A A 15 FAth ZR AR A 28
s 2 WG BB A AR AE A

(2) 16 BAT BB 0N B B A S0 XL A



B IS JET GIS 19 2 i 48 AR AL A5 1 5 1A 22 B A UL o) 265473 )=y 1461

e LA X P ARSI REDC, R T ArceGIS
H i) Feature To Point( Inside) TEEHEEA: B THEX Y
23 B AR H O AT R AR A 2 o 8 AR S T BE IXC T
TR RAZARRA: 2850 X ARY 50% , IR 1 AEAE 252D
REIX A Jay 2 Al , R A5 EE R AR A D RE IX AP X 1Y
2% [) A B H O s A FEAT BERRAR AR 253

(3) FFIZARMAS S X A BRI A © 28 d R 1 7%
MRAE Sl WANTE A S DI RE DX L PN, U] 2 B B
AR X By 25 [R] R P U A BERRAR A 25 o

(4) R4 AR 28 XAy A S A Al i i K-
H PRRA 25385 30) 3 Ay R 3l | AR 0 0y 3
o), b e S Y B B TR AR AR Y
TR T D , PG S X 5 S AT iR . HE A
(1) DX ol S AR P AR SR A b S 2 B 8 PR JE X
P23 D UINI e RO N 1 4 3 BN o2 RN TR
RS E E RRL A R, BB — i B Ry Al
W SE ;B A TEE R BT, BERS #E4T 2%
ARAEZS ul ] () Z2 0l GBS F 5 W0 sl L5 58 J XoF
AEZSHEARIILIN , AR S 240

T LA AR B 58 = Hi 4 FONFEIS /944
a, IE A3 B AR A S TR X AR ) 2R
PP S DX AR BE R FERE X6 35 2 5 ket g S AR AR AR
A3 DX e IORS FE AT VR o

3 GBRESH

3.1 ZEABRMESXA

W 2w M XA SR 2SR X ) A B DX R
HEAT28 () & b, B N2 ol = R R4 R 43 4>
AKX Y HPRE XA B 17.22.33 43 I, I
TIKS BE 43 50 R 79.55% .94.29% .99.53% i1 100% .
R U UE W 5 R B 5 2 T 4 A A A S Y, A DK
JE v, HkE S0 53 X ok BE R R Ak ( 982X, 2014) |, Fodi |
B HPREEIX AR 22, ¥ = 48 2o 22 A4
FRMRAE 0 0T A5 LI A Jey B0 P A %5053 1X, B
BHERMAESXRN(E 2) o BB Ks8I kA
AR (R +/Ky) HREE X X+ o R R
i 1 HIE =10 CAERUR H 4 50~180 d; I1: HY
T =10 CAEFIE 5100~ 6400 °C , B K%L 240 ~ 285
d; T H i =10 CAEFRE 6400 ~8000 °C, FHE K
B285~365 d; IV: H iR =10 CAEFHIE 8000 ~ 9000
CLFURRE 365 d; A: TR45%0<0.99, )& TR
X B: T4 5L 1.00~1.49, J& T2 10 M X o Al 4%
MY ar B LR ZE AR VR IE MU AKX b VAR L X
BRI 2 R AR IX s e ZERRARIX; d: 25 SR ZE TR AR

B2 ZEEFMRETEFERFIMNMERE
Fig.2 Layout of field observation network of forest ecologi—
cal inventory system in Yunnan Province
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Table 1 Ecological station sites in the field observation network of forest ecological inventory system in Yunnan Province

53X % g0 (AL X Jk
Zones Station name Level Location Region
MM Aal S1 MS o 3% H. Maguan County VL 75 Southeast Yunnan
M Ab2 S2 BS 11Tl Wenshan City JELZ5H5 Southeast Yunnan
1T Ab3 S3 MS ] FH§H Guangnan County VH %4 Southeast Yunnan
VAc4 S4 BS H kT Jinghong City JE g South Yunnan
PEXUR AN, Xishuangbanna station KS i H Mengla County VL5 South Yunnan
IV Aa5 S5 BS 4 & Jinping County JEFg South Yunnan
TH 4B ¥} Diandongnan station BS 5t i1 B Pingbian County JEFg South Yunnan
MM Ab6 S6 MS FAH Jinggu County JE V5 Southwest Yunnan
M Ad7 S7 MS HiiiE Ruili County JEL P4 Western Yunnan
M Ae8 S8 MS 7k H. Yongde County JEL VG Southwest Yunnan
S9 MS i H Cangyuan County JE V9 Southwest Yunnan
VEEE 1AK% Diannan bamboo station BS IHTT Puer City VYRS Southwest Yunnan
I L Puer station KS P Puer City JE VG Southwest Yunnan
11 Ae9 2T 13 Gaoligongshan station KS {11117 Baoshan City JE VG Southwest Yunnan
A5G Ailaoshan station KS 4 H Jingdong County JE V5 Southwest Yunnan
1T Af10 S10 BS FIFE Nanjian County LY Western Yunnan
I Agll S11 MS 7K B Yongping County JE V5 Western Yunnan
T Agl2 S12 MS 15 51 8 Fugong County JE PGt Northwest Yunnan
T Ah13 M YT Lijiang station BS [HYLT Lijiang City VYL Northwest Yunnan
MAil4 S13 MS T L& Gongshan County VPGt Northwest Yunnan
I ABh15 S14 BS & B F7 H Xianggelila County JE P51t Northwest Yunnan
I ABjl6 S15 MS fl4k H. Deqin County JE P51t Northwest Yunnan
IVAb17 S16 BS 254 5. Liichun County V5 South Yunnan
M Ab18 F ¥l Yuxi station BS FrF-H Xinping County VL Central Yunnan
I Ab19 S17 MS Fdb& Qiubei County VE %47 Southeast Yunnan
1T Af20 S18 MS #1477 Chuxiong City JEL 7 Central Yunnan
T P JR Y Dianzhong plateau station KS EL AT Kunming City {EL T Central Yunnan
S19 KS 2% H Huize County JE %3t Northeast Yunnan
S20 BS 38 T Zhaotong City JE %t Northeast Yunnan
I Ah21 S21 MS 5% H. Qiaojia County JH %t Northeast Yunnan
T Ak22 S22 MS EhEEHE Yanjin County VL 75t Northeast Yunnan

VE: KS: 270 BS: EARTE: MS: Wil .
Notes: KS: Key stations; BS: Basic stations; MS: Monitoring stations.
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M SAERTI e XOR AR Z R S X 3 A
JETE 43 H) % FONFEIS (1 W i 3 Bl 5 47K B 43 #7
GPORANER 2 s SRS, AR T AR Y 6 W 0 kG
FE K 94.29% , 43 IX 1T Ab3 . M Ad7 . T Agll. [T Ail4,
IMAb18, [T Ab19, T1 Ah21 FY W 0 5 5 2 3k 5] T
100%:; 431X IV AaS . IV Ab17 . 1T Ak22 () W5 kS BE 4%
I, IFE 65% LLTF , Jit PRIAE 3 46 1l X i P b 5 A%
AT, Wi R A R . A AR S Ty DX T AR A A

WPKE FE Ay 94.76% , 431X 1 Agl2 ., 1T Ah21 . 1T Ak22 ffy
WIS BE B35 20 T 100% , W RS B8 541K 1 43 X 2
IVAcd K5 N 89.59% , i3 X3 43 X el seh 138735 i
FTPG BN M 28 A , 2 pig S I F 30 25 s 1) 3k
PEHbAH?  SRARALE R o LA, 43 X IV AaS 14 W K
JEHR 0, 308 B i 43 XA 05 AR 25 T i X T AR AR
AN R TR IR A W A AR S X
KiE A 87.99%, 4 X 11 Ab3. I Ab6, I Agll,
M Ail4, 1T Ab18. IT Ah21 Fy s I ks B ik 5] T
100% , 43X IV Ab17 F1 1 Ae8 FY Wa kS B 288 A1K L 43
H82.10%F1 40.40% , iX & TP 0 X AR 2
BEPE SE X TTAUAS B /0N, L T8 Hh 3 52 2% 1
PAEAL AR BE R IR 0o X W DDA B AR 1 X3, 7 3t
BT SR T, o] LA i 78 A W X 34 15
W A5 AT R P A L AR v MRS B
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R 2 ZEARMEREBERITIMWN P L ENREE( %)
Table 2 Monitoring accuracy of field observation network
of forest ecological inventory system in Yunnan Province
(%)

I3 X M EREASIIREX A 2R
Zones Forest Key eco— P S X
function zone Biodiversity conservation
priority areas

Il Aal 85.68 - 79.09

T Ab2 93.96 - 86.13

I Ab3 100 - 100
IVAc4 86.57 89.59 84.21

IV Aa5 64.73 0 65.50

I Ab6 99.65 - 100
MAd7 100 - -
ITAe8 80.18 - 40.40

T Ae9 94.93 - -

I Af10 98.13 - -

T Agll 100 - 100

I Agl2 98.40 100 98.23

I Ah13 80.95 93.83 1

T Ail4 100 - 100

I ABh15 96.29 96.22 95.42

I ABj16 96.64 97.18 68.21
IVAb17 63.92 - 2.10

M Ab18 100 - 100

T Ab19 100 - -

1T Af20 98.59 97.82 -

1T Ah21 100 100 100

I Ak22 64.80 100 -
JBAEEE Total 94.29 94.76 87.99
accuracy
=" FRIRI XTI
Note:  “="This zone does not have this category.

4 Fit54L

4.1 i

4. 1.1 FMABIEIRNE PRSI R
BOFRBERMAESRGK 3 A RS SERE
R BB EARCE 6 A5 I BF ST R A
ANTE RN XA AR A A R GE AR T 2L g ol
AR S SR G BLR DL SR T H AR A AR 55 R
AEEE (AR, 2020) o H AT, 2T HRAMAEDS
Sl ST UL S A, 7T LSS X R AR S R G W)
FEEHE RS RE L KOG AR S B IS, 1l n 2%
AR CAE AL R A 1) Z2 R ( 2R SC55, 2018; SR AT
FAF,2019; R4, 2020; FUKMESE,2021) (ARARA:
SR G MK S R (I B8 AE, 2009; 8 A 4,
2019) (BRACIIRE( BRI 45, 2018; YA, 2020) Al
R TSR W (I A5, 2019; 47 2F, 2020) 4.
BEHE FONFEIS A JF AR 250 1IN 8] e ) X4k )
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FRRUE , T 7 T A 25 0l WL K53 5 AR A e 5 3%
B AL At S A e 5 2 IR B R A
FLH A 270 IR R AE S R G Tl i ij.f
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A2 FR 50 5 AR M R T R LR 2 R SR A B
Sy BRI ) A AR I G A PR S e R
TP A ELAGE R ( F1R4E,2020)
4.1.2 BRI AR R %IEIEI%?RTE%H
BIWRE ARG SN M T A TR
IR B BE T A A A 285 SC I A A e v B L
BEAR AR R+ BN E R LR
7503l S WA R B RRUEICH o KA B 0, X AR AR R
35 78 (LI P 4 A i 1 5 R FR AR TR R B B
AR SPIRM T RBAE A BB AR D) K K%K
IresSEaEMAREERBHEARAME S, #ik
BRI AT, DUIIE 3 AR 28 R g 6 W Hy
IR AE R AR A A AE B 1 2.0 ip A “HER
Do+ A 28R 1 S B BSOH I A 8 s AR Y 3.0 AR
e, S SEIA 53 15 B A DA R A 2 22 R] ) B
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SO X 2 4Bk RUBE I () AR AR AR S 0 o8 H A B
WAL Tz T AR (X4, 2018) i B
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RS ASARLE T o Fe TR AR RS S8
SRS, KRR S T AR A 283, (EL[R] B 1T e
18 A T i HERAR A Pk L JC R AR R
FEASCHF I TT SR o PR, ARk B A S il K 0
AN XL ESC B 5 22 1 TR W T B R AR 4 L o R
TR WD B R R A AR MR A S ) i e U
WEDNAR Y, R4 T RRAR A U I08 5% | Tl g 4 A K
IR 5% 7 9% i R A S R 458
e R BT AR AR S R Gk AN RE g L Bh 5K
PRIRE Wik g A AT B
4.1.3 MZMRARRYE  ZT GIS F& Kl
e SEVARU RN 23 ) 43 B B R AH 4G 4, FH T FONFELS
WA SR e T A Al e B R L S R
TG — I SR o SR 75 B4 S0 100 B A S L 1% 0
LEFNRNABATAE — 2 19 Jsy BR A 491 dn: 7 55 i 4R Uy
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ARG BALE 8

T, 25 P A8 SO 5 e 288 R 000 EL AT B i) 22 52
Vs B RGBSk BT, 2007) o
LG RAEY AR X 4>, RS IR A S
(FPELSE,2015) o LA WGy i IR R nT RE & (45
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(R FHACR , S 25 MU R 46 AL 4 A 3 I
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