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Assessment of the effectiveness of the Northeast Natural Forest Protection Project

and identification of hot spot areas
WANG Jiaqi, XING Yanqiu“, CHANG Xiaoqing, YANG hong

Forest Operations and Environment Research Center, Northeastern Forestry University, Harbin 150040, China

Abstract; Implementation of the Natural Forest Protection Project (NFPP) in Northeast China has improved the ecological
environment and enhanced the ecosystem service capability. It also contributed positively to ecosystem services in Northeast
China. In order to more directly reflect the implementation effect of the NFPP in Northeast China, this study is based on the
remote sensing monitoring data set of long time series-land use data. The InVEST and RUSLE models were used to
quantitatively assess and analyze changes in ecosystem services in Northeast China and NFPP area before and after the
implementation of the NFPP from 1990 to 2020. And this study used the Getis-Ord Gi " index to identify hot spot areas. The
results showed that (1) cropland and forest were the center of gravity land use types in Northeast China, accounting for
more than 65% of the total land use in a year. From 1990 to 2020, urban/built-up and water body area in the study area
changed the most, followed by cropland and grassland, and forest and unused land changed the least. The area of urban/
built-up and cropland in the study area increased by 25.37% and 12.15%, respectively, while the area of water body
decreased by 21.42% and the area of grassland decreased by 14.02%. The area of unused and forest decreased by 8.41%
and 5.34%. (2) Soil conservation in the study area and the NFPP area increased by 95.81x10° t and 24.05x 10° t
respectively from 1990 to 2020, showing a trend of first decrease and then increase. Carbon storage decreased by 7.49x10°
tC and 3.92x10° tC respectively, showing a continuous decrease. And water yield increased by 177.51x10° m® and 58.65x

10’ m’, showing a trend of first decrease and then increase. Since the implementation of the NFPP, the overall trend of
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ecosystem services in the study area has been positive, and the implementation of the NFPP has had a positive effect on the
ecosystem in Northeast China. (3) The spatial distribution of the extremely significant hot spot areas in the study area from
1990 to 2020 was basically consistent, mainly in the northeastern Inner Mongolia, northern Heilongjiang Province, eastern
Jilin Province, and eastern Liaoning Province. With the implementation of the NFPP, the number of highly significant hot
spot areas increased significantly, and the scope overlapped highly with the NFPP, and the hot spot and significant hot spot
areas were gradually transformed into highly significant hot spot areas. Based on remote sensing monitoring data to
systematically quantify the ecosystem services of the NFPP in Northeast China on a long time scale, the Getis-Ord Gi " index
was applied to the identification of priority protected areas for ecosystem services, providing a scientific reference for the

subsequent implementation of forestry policies and ecological projects in Northeast China.

Key Words: ecosystem services; Natural Forest Protection Project; hot spot analysis; InVEST model; RUSLE model

HERRGRGS IR RAE LSRG 5 E R TR I E i S T 4 R 1 N2 DL AE A0 A SR R B8 25 1 54k
RN AU NS HA B2 24 B e A A TR JEORL A S A RS T ER A i SR R G R T AR AT
T LT B S E 2 Bl A ERAEARBE AN JSTE Zh AT T, DABE JRFEDR | PRI 15 G A0 2k 25 kb o RS AiE
0 DX A 5 IR 5 ) R 250 80 IRk T N2 A A X B 2 U T R R R THT G A B S Rl R, o T i i
A~ e F FE 1E 2000 RS T AR AR TR ( Natural Forest Protection Project, NFPP) , DI3#7E A 25
PRI AR5 4T SR 0] TR VA o5, 28330 20 AR AE S ORI A A i, RAR TAE B 4 B MOl o — 3508
AL AR TAED, T e Xt NFPP St sk 5 47 A LA B itk — 45 03 A Sk NFPP #1504 il i o 3 2L
AR )

HAES RGNS O Z2ERHIUS AT S A B P oh 3 DR TR RUEE R i KA S TR DS
RGNS IRESAT T REMTFIT, Wang 5517 SR8 BOR AR AR 404 1 rp LR BRA MR B TR = B P b
T RGNS W K5 RS R GRS AU, S PRS0t AT 7 I 4 = VTR b X A 25 TR Sl i
J5 AR 25 R GUK IR 57 IR 55 WA ARG I, B AL T A 28 TREAYRCR . SR 224 3T InVEST BLAUAF5E
T HEAR NFPP SCi R o AR A RGOK IR SR T RER I 25 8L RHIE . RS RGNS CA KREiF o iy 5Lah 0
iR BRGNS ITAG S A ED T AL, A S R GRS 2 Tl EOC B2 e XA 28 R G0 IR 45 3L 1)
T2 (1 DXl 4 25 R A0 A 1R 4028, Oy 145 SR B B2 R T Sk | [ Y A0 22 38 T AR 808 mURT A A
BIIAES RGNS AR RGMSS A PO IR BRI H 2 AR e X, et Sk
TA S R G P XU 3 AR 25 R GEIR S5 AT S5 PR OC R A 1 RAT I IXAEA ) A B A St X
FIZS [ GE 3B 05 00 A 28 R G IR 55 v sl (IRMEAE ) AR (R (AR 3R X B SR R 5 L, T o 2k
BRGNS P DR SRR . B ATOC T 8 A 38 TR St R A BIF T AN A | SR T 22
AU AR H R AR TR X AR R RGN S5 I 23 A8 A0 43 B, FF AR R A2 28 T AR B F— 2030 FR AR Rl S R 27 i 225
W PR RS R GRS A8 TR XA A B R PPl B R A 28 AR IO s S LR il AR 255
A Y B RIS oK

H Al NFPP 1Y S20t 2 2858 i 15 B B, B 1 F S8 JR A — i 1 0, DR ot o JHG S5 ot s 38 2R A7 P A i
fRA DALY, NFPP S B b, AR bt IX 23R [ )% 28 25 AL 0 X o 3 i A 25 BB | Herp R AL ARy &
5K W Bt = A 25 20 A IR A SRy ) B BE A B A3 BRARTET AR 4 [ Y 2791 VARSI AR AL b IX 2B 25
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AT AR A AR AR TR ST S X A AR R G R 55 AE R B[R] RUBE | 728 Ak PR3 B DX Sl g A
8o PREAR I 53 5 Ao 1] 41) i J A0 50 4 4 - - 1tb 1) XA ( China land use/cover change, CNLUCC) ,
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Table 1 Data source

Dataset Data source Resolution

1 M I % - UNEE ; L \

BRI LR VERERERN S SR s !k
emote sensing monitoring dataset-land use data

. bt L

BRI MR A B s I ki
onth-by-month precipitation dataset

% H S5 e %

B PG R HLER R S O s ! kan
onthly average temperature data set

*@Kﬁim%%?ﬁiﬁﬁﬁ% . . FE 5K e JR R 22 B4l o0 \MOD16A2/ET  0.1° 500 m

Actual terrestrial evapotranspiration data set for China

B R AR ALY N

K FEBUR AR HOTI 2 TR 2 90 m

Digital elevation model

SETF 5 MR (HWSD) 1 5 - HEBCAE (v1.1) I, ,

Chinese soil dataset based on the World Soil Database IR DR B 1:100 77
_ o

A~ AR R ¥ 2% A AR AU UL MOD13Q1 0.05° 250 m

Normalized vegetation index

k% % Carbon density

k[ 29—31 ]
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221 HHELRFRR AR

TR RIS RGP LEE M S SR R R 2 2% ) IR SR AR ] P US43
PERY RUSLE #8347 . RUSLE A58 sk (2) —(4) P,

X=X, - X (2)
X, =RXKXLxSxCxP (3)
X,=RxKXLXxS (4)

A, X Ry AR R IR R I (v hm? ) 5 X, O AL AR SE PR HIER M (vhm®) 5 X, S B T RV 7E 1342
Pl (v/hm?) s R FREMR I F (M) mm hm™ h™") RIS LD 5 K 8 £ e 7 (¢ h MJ
mm™") , R H] Williams"™ 42 Hi ) EPIC BRI I8 IE 155 LS A B K Bl R 7, R FH B DR 7 3 28 X% 3
B C N S R R R SR BT 5 SR T3 P O TR RS PF 7, R ) Lufafa FOBFFEE5 R 15,
LS .C Fl P BTN
2.2.2 JKIEIRIR A

BT KT 7 R KRR SR R R K i 5 PR ZEHUR B2, KR AR R sk
(5) B,

AET(x)

WY(x)=(1 - P(x) JxP(x) (5)
T, WY (x) S B A% 5 7K B (mm) 5 P (x) D B AL [ 7K B (mm ) 5 AET () by B A A S5 Br 28 I iE
(mm)
223 BRfEEEN

InVEST A5 AUtk fith et A5 B A0 495 4% - by 4] FH 248 980 22 () 43 A S HEXoF o7 1) il 2 B2 ok i+ B A B R Qe it 1
InVEST A5 77 2 n= (6) s,

C_tot = C_above + C_below + C_soil + C_dead (6)

P, C_tot N ERIIAG I ; C_above Sy ML T304 WU IR fifi i ; C_below ST &8 4 BY At & 5 C_soil N S fk i
i 5 C_dead NG DIORAE T BAALHH 1C/hm’

ST = iR FH 28 70 () B 2 B 2 2% SR S5 1:400 5 Fp IR B o0 A A5 3, g 1k 2 fifoR, K
S, R A R T TLF- A MR, A BETE N HAR Ay 0,30 % | T s RT3 ) e 28 B2 IR 56 /)N, AT LA 220 gt
AT AR HAR R 0,
2.3 BRGNS A R

S IHBRAS [ A2 25 R Ge I 55 Z 18 %) B AN 52 ) AR 58 0] AR ZE A e A 2 0 A2 28 R G IR 55 04T 0 —f b B
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BRGNS EA T 0—1 Z[Al, Moran’s I F8ECAT LIAIW 58 XA A8 R GE A 55 1 S AR B SR A 0L, i ot 1
B Moran’s I 88U IR X S R GRS HAER MG (28 Moran’s [ F85KTF 0.78) . B 1 Al ik
BERMEOLLISN 30 5 Z U 5T X AR 2 R GE IR 55 038 v T A DX i B4 XA S O S O X, O s 4k
NFPP i IR LRI R 2 2% 0 R Getis-Ord Gi ™ GEiTHE BT XAV /P X R 2R | Getis-Ord
Gi " HE AU REH A bR Hh SRR X3 207 1 v PN DB e e AL R BEAIR, A S S 1 . &%
FE N AR DSBS AT LR B S A3 07 2 98 XA B A 25 R G S R K R, ARG
WA R GRS/ o B AN X 200 20 U H R 4307z BAR S XNk 3 s,

®2 FAELHFAXRBOBEE/ (1C/hm’)
Table 2 Carbon intensity of different land use types

T+ HI2E A Hb LB R SRR FETH ML 0 3
Land use type C_above C_below C_soil C_dead

HEb Cropland 4.70 0.00 33.46 0.00

b Forest 38.37 15.87 153.38 1.61
HiHh Grassland 3.71 1.53 92.90 23.24

k38, Water body 0.00 0.00 0.00 0.00

W2 T4 R AHH# Uban/Built-up 0.00 0.00 0.00 0.00
FAFH 1 Unused 0.00 0.00 0.00 0.00

C_above : # "B Above—ground carbon density ; C_below ; #l TE% % & Below ground carbon density ; C_soil ; 13 B Soil carbon density ; C_
dead : SET- A WL Z E Carbon density of dead organic materials

R3 ETREBMELHASTK
Table 3 Ecosystem services cold hotspot zoning
Z Al Z-value < -2.58 -2.58—-1.96 -1.96—-1.65 -1.65—1.65 1.65—1.96 1.96—2.58 = 2.58
431X Zoning [T E LI WEV I NTES LY BFEH AT ES I

3 ZBRESH

31 MR A T

HF b AUBRE I 7R A DX A E O R R SRR (1 2) 0 4F o L 65% LA b Bkt IR 2/ T J B L L) K
&7l 8 I 1 S0 o 4o A I i N e N el 1 D @ W Rt S 7 e 3 7 B A 07 W
S LXK IRV U AT AR 75 MR AR TR LA S AL T8 AR AP R 0, 2K el 32 2 g A L) T LA
SHAAEITE

30 A [AMIF 5T RN TR DX A= R P A2 A0 4B AR — 30 A (] - R S B 34 A T — s R B Y AH B 5 AL
(K3.%4),

F4 1990—2020 &£ L F BT IRE

Table 4 Magnitude of land use change from 1990 to 2020
A AL IRE Land use change/%

e VeSS

Land use type 1990—2000 2000—2010 2010—2020 1990—2020
WHFEIX THERX WHEIX THERKX WHEIX TERKX WHFEIX. TRERX
#kith Cropland 9.40 13.55 0.95 1.85 2.11 3.37 12.15 18.01
Mt Forest -3.03 -1.83 1.64 0.73 -3.96 -3.35 -5.34 -4.48
L} Grassland -5.92 -3.75 -25.30 -60.30 14.07 32.15 -14.04 -12.84
7KIF, Waterbody -4.56 -0.91 -5.06 10.77 -10.54 -30.07 -21.42 -17.12
ﬁi;ﬁ:ﬂi?miﬂ 2.73 2.39 14.97 -6.57 9.76 16.52 25.37 13.15
FFH 1 Unused -7.39 -9.02 32.61 62.96 -26.56 —-55.95 8.41 37.03
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Fig.2 Spatial distribution of land use types from 1990 to 2020
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Fig.3 Sankey diagram of land use transfer from 1990 to 2020

B ST BE BT X3 &/ T i BT 1t A0 7 Sk v R A A i B8 S5 K, 0 e A0 5 vk 22, b b R R AR
+Hug b, ()RS T JE R E AN 25.37% , Wik &/ T fa R =20 i #k e ek, T/
X 2000—2010 43R & / T4 & B FHHLIE D 6.57% , Fe A FRMSZ NZ06 3 1) TP 0045 B2/, (2) /K I R
WD 21.42% KR T EEEAL B AR R -, (3) R AR N 12.15% , 1982 4R 3R 4R 1+ HUBOE
FEr A BN T A R ABERD B BN M, 5 SOk b T AL N 9. 4% , J5 4k NFPP 3B #F 38 Ak T2 ( Grain for Green
Project, GFGP) (W5 Jita , k2% T B b8 ity s 5, 7 388 0 bt =2 2 pl b b, | 0 b RD R R FH b B Ak ok, (4) %2
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M AR 14.04% , FEFEAC A HF LRI AR, A9 1 Mo BOR A9 5247, S BOR & R Bt B3R, B NFPP Al
GFGP (152t , B b [ B b PR 55 AU /L | T b A R F = b A 5 A 3 0, A IR 5 DA Ay i M s i e ik 2 11
BRI TS T4 IR R IO AR R £ R AN (5) MRS 5.34% , b 32 B
B AR AT RS AR Sk SO T AR L 3.03% , K AL Bk . NFPP SCit)S
PR [ A R ) A /L Bk TR FRBE I 1.64% . 2010—2020 4F, bR Hb, 3 B2 205 4k g 20 1l bR kb T8 FH sk 20>
3.96% ., (6) AR L HE NN 8.41% , Hr3i A FH 4 b 3= 22 iy b R R b A AT R |
3.2 R X AR RSS2 AR RRE

1990—2020 4FAF 58 X AE IS RGEMR S5 28 [ 40 A EAAAE S Pk (181 4) Biefifi it i {1 32 240 A 72 N 58 Tt b DX
VTR HE B AL AR, T 528 8 2 W R Aol 2 B K A S | K TR 6 5 R 55
23 (8] 34 b S I A R | R PE SR TG AR A AR b b DX B R 3 A R R LXK, 52 AR ST
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Fig.4 Spatial Distribution of Ecosystem Services from 1990 to 2020
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PARXS A5/ | (H 2 Xk ¢ R A %o R LA Bl 2 1 K, KRR 77 i 0 DR AR X — g2, S e e (B
BT ATE N S ML XAR TGS BRI VT AR 35 RAE AR R FIAL 1748 2R FObRH, o L 1 1) IX 8

N2 5 iR, 1990—2020 -5 DXk i et RS T8 B A £ 53 0 Bk 20 7.49% 10° tC il 6.08 % 10% tC/km”,
SRR B N BRI 2 B AR DA B IR [T T R B 5 X e i A R, SRR i R
A1 AR R R4 38 i 95.81x10° t A1 78.48 t/km” , 5 JGIal 5 H#a Ay 7K JR0RA I 0 AN B A7 T AR /K YR A 77 i
SrHIE N 177.51x10° m* Fl 126.45 mm, 52 Seist e Bk H . Bk JRTRFR A AT DUE | 9 b B 422 52 0 7K
FE R, 2000 4F Tk BT BT, o db oy e X 2 SRS L, B gk A K AR R R Y (E AN
418.64 mm, FEIE/NT 1990 4EFE M HIHIME 612.13 mm, Al EZR b H X IR TAL#a A 5 ) <R T S80th
T 25 HOVE 3G I, 523 1990—2000 4F 7K 506 77 12t A1 FAAS, TR0 AR /K 50 A 77 et sl /D B30 4%

2000 4E 2247, E FAEAR L HBIX 520t T NFPP Ml GFGP 258 KA 25 TAE , 454 Al by BURF s 43 1) St 1 4=
BRI 8, B T AR50, AT X A e R i RN K U5 77 1 B S 34, = RO RE 0 K R o 5%
RE I S P T Rl ot FR AR AT S s/ A (O B AR 2% BB A7 e T 1) R B Sl T AR 22

R5 19902020 FRIMRESRERSETUE
Table 5 Changes in ecosystem services in Northeast China from 1990 to 2020
LIRSS WAt A7 IR 55 TKUTE TR IR S5
Ay Soil conservation Carbon storage Water yield
Year Ret: 17S55 v LA e JVSE SV Tfiti it/ BB R/ VIS AN K PR
(x10°) (v/km?) (x10%C) (x10%tC/km?) (x10°m?) mm

1990 202.35 164.16 151.22 121.95 209.62 154.21

2000 160.18 129.80 147.78 119.18 28.29 20.81

2010 255.47 208.54 143.73 115.67 384.87 281.52

2020 298.16 242.64 143.74 115.87 387.13 280.66

3.3 ALK TR XA RGNS 2 AR L RRAE

1990—2020 4F R TR X A RGEMRSS 25 8] 0 A AR R — 3 (B 4) . W3R 6 7R, 1990—2020 4F T
T DX A it AR B T AR B 20 U820 3.92x10° 1€ 11 8.59% 107 tC/km? , S FF SR /b #aH . /K IR 357 1 2
A7 T FRK U 5% 40 S B 58.65%10° m 1 112.98 mm , 52 50U o i Ha #3043 1 A B fSy i AR S AR R
AT ARG 23.86x10° t A1 60.08 t/km?, 2 eI f ¥ aH . NFPP SCHt e , i fifh & B AR I/ F 2 p i 34 R
Rk, X TR AR AUl DX AR R A5 3 T G2 i, TR DX By T B i i o TIFR X 1.5 %, RIS TREXAES &R
S E R RE 1 R TR ACHI DX, K R TR 35 e A N R TR XK A U R A5 B e | B T AR U TR 7 o 1) 34

IR TAR DK IR I e

AR iy, IR AR 3 I R A TR X R i 2 A B e , B T AR R AR

R AR IR G TR X SRR RE AT i v, 3R W] NFPP STt 0 DX A 25 R G I 55 A e 24 TR

R6 1990—2020 FRATIBRESRFREE
Table 6 Changes in ecosystem services in the NFPP from 1990 to 2020

R SRS Bfiti A7 IR 55 KRR S5
AEAy Soil conservation Carbon storage Water yield
Year TR LR S E v il fit/ Liia iV KRR i/ L SIS E SV
(x10°t) (t/km?) (x10%1C) (x10%1C/km?) (x10°m?) mm

1990 97.26 204.42 75.88 165.42 87.04 172.58

2000 84.60 177.67 74.66 162.67 9.24 18.34

2010 104.73 221.79 70.80 154.25 108.61 215.06

2020 121.13 264.50 71.96 156.83 145.69 285.56
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3.4 BRGNS VE IS XS (A AE fLRRAE

1990—2020 4R IX A ik 2 R AR 25 ) oA LA LR FE— 3 (K 5) , FLE 510 NSk X AR LK 2R
TRTTAR ALFR A ER | 5 AR AR LA BT 748 AR Bk BE ARl o B v B4 b DX W S 3V A0 A A PR VAR R R
ZRAR AR P DL AT A AR AT AR AE B 7 L X, 1990—2000 AFAIF Y DX A A X3 (A 5 B
FPO WEPGTRBON) TR/ BEE NFPP ()30, B 0 3 H5 g 8, $0EURD (38 S B T AR A i
2GR, 2010 AR HR S DB AR B AR 5K 2000 AFA B in , (H AR IR 1990 AF A IX ST AR, 2020 4 #A N
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Fig.5 Spatial distribution of cold/hotspot areas for ecosystem services from 1990 to 2020
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