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Abstract: This paper is the result of the natural resources survey engineering.

[Objective] Based on the spatial data of land use, Digital Elevation Model (DEM), vegetation and meteorological data we
quantitatively analyzed temporal and spatial variation of natural resources and their effects on regional ecological environment in
Northeast China from 1990 to 2018. [Methods] In accordance with the distribution regularity of nature, geography and natural
resource in Northeast China, the study area was divided into 7 second—class zones and 14 third— class zones in comprehensive
regionalization of natural resources by combining quantitative calculation and qualitative analysis. This paper analyzed temporal and
spatial dynamic characteristics of natural resources and their ecological environmental effects in recent 30 years. [Results]The
results showed as follows: (1) The main changes in the study area were the conversion of forest and grassland to cultivated land and
water body and wetland from 1990 to 2018. Meanwhile, large areas of cultivated land was developed into built—up areas. In
addition, the transformation of grassland to desertification was also prominent. The above phenomena were closely related to the
local policy of revitalizing the old industrial base in Northeast China and strengthening agriculture and benefiting farmers policy,
etc. (2)The overall ecological environment quality of the study area showed a declining trend, especially in I1, I5, 16 and 17
subregions(I1 Sanjiang plain temperate arable subregion, IS Mountain temperate forest subregion of Lesser Khingan Mountains, 16
Piedmont plain temperate arable subregion and 17 Songliao plain temperate grass—tillage subregion. (3) The main reasons for the
deterioration of ecological environment quality were that forest land and grassland were reclaimed as cultivated land and that
grassland was turning to desertification. [Conclusions] In the past 30 years, large areas of forest and grassland in the study area have
been transformed into cultivated land and water body and wetland, cultivated land has been developed into built—up areas and
grassland desertification has intensified. There was a significant decreasing trend of ecological environment quality in the I1, IS5, 16
and 17 subregions. The conversion of forest and grassland to cultivated land and grassland desertification mainly contributed to this

phenomenon.

Key words: industrialization; urbanization; land use change; natural resources; spatiotemporal dynamic characteristics; ecological
environment effect; driving force; land resources survey project; Northeast China

Highlights:(1)The comprehensive regionalization of natural resources strengthens the scientific understanding of spatial and
temporal differences and complex diversity of natural resources elements. (2) The comprehensive regionalization of natural
resources in Northeast China is divided into 7 second—class zones and 14 third—class zones. (3) The temporal and spatial dynamic
characteristics of natural resources and their effects on ecological environment in Northeast China in recent 30 years were revealed.
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Fig.1 Overview of forest and cultivated natural resources in
Northeast Plain
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Table 1 Weight coefficients of regionalization elements of
forest and cultivated natural resources in Northeast Plain
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Table 2 Land use classification system and eco-
environment value of the land use types
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Fig. 2 Spatial pattern of natural resources change in forest—cultivated natural resources region of Northeast Plain
I1-Sanjiang plain temperate arable subregion;[2—Mountain temperate forest subregion of Changbai Mountain;I3—Liaodong plain temperate arable
subregion;I4—Great Khingan Mountains cold temperate hilly forest subregion;I5—Mountain temperate forest subregion of Lesser Khingan Mountains;
16— Piedmont plain temperate arable subregion;I7— Songliao plain temperate grass — tillage subregion;I11— Dry land area of Sanjiang Plain;
121—- Xingkai Lake plain dry land area;122— Laoye Mountain shrubbery area;123— Changbai Mountain northern shrubbery dry land area;
131—Zhangguangcailing shrubbery dry land area;I41—Dry land area of Liaodong Plain;I142— Greater Khingan Mountains hills woodland shrubbery
area;151— Mohe mountain shrubbery high cover grassland area;152— Mountain shrubbery area of Lesser Khingan Mountains;161— Heihe mountain
shrubbery dry land area;162— Dry land area in southern Liaohe Plain;I71— Piedmont plain dryland area;I72— Cultivated area of Songnen Plain;
173—Liaohe plain low cover steppe dryland area
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Table 3 Transfer matrix of regional natural resources dynamic change from 1990 to 2018(km’)
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RO A e 18.48% % N 6.40% , A KB
() 55 5 Ak R BB (3195 km?) L FRAK (9389 km?) FI
KRS B (16235 km?) , B8 FE R AL 141 LR
S S M X, 3 DX PN R ) R b | BRI K A S
T b 2 Ak B0 A5 43 01 56 3] 3174 km?, 12873 km® Al
14895 km®, 16 111 i~ Ji il i -4 IV DX PRy R s )
i A AR IR 2339 km?, BGE R TH AR 5 HE i 6.18%
KR 4.33% ¢ 17 AL T SR A BB I DX R 9 1 AR
i HEH 34.32%0% 0 25.02% , I B RBCE 1) ot i
B (12687 km?) FIARAK (2288 km?) , 2% 5)) 3= %2
KAAETTT 1L G 55 b s DX 172 s T T
M DX T71 LS D 5 e X PN 5 1) A 2 1
53K 6873 km®, 172 A4 OV SR Hb b DX [ A b e
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FERIUSEIL 4832 km?,

AR SR TR IR AR ) R B R AR AE T =R
T B X 14 K42 FEIRAT b AR X (15
JINDLZ I 1) iR HE AR ARSI X RN 16 L i~ S B
M X, 7E 1990—2018 4F ], 11 = JT 7 JF 7 Bk
VX KA S PR AR 5 e 21.40%F% 4 12.82%,
KRS b [ B S AL AR A K (6842 km?) o 14K
MG FE R AT B AR R XK AR 5 5 H 1 B L
H 2.38%_ [ T3] 16.34% , H: o ZRAOR 51 7] K AR 5
T HE AL AR 20 591 35 31 16479 km® 1 16235 km?, A8
Bl TR A 141 1L AR RS b X, 2 X PN 2R AR
TR 1 ] 7K AR 5 Y0 R A RIUASE 43 3] 3 1) 12788 km?
F1 14895 km®, 15 /N4 220 L1 b i A ARARE X N 7K
115 9 Ml 1 AR LG 6.65%78% S 10.59% , Forb bk
] K AR 5 18 3 % A BB 2744 km?, A8 3 Bk A=
FE =GN TS5 1 50T L) i AR vy 7 25 R R X
X N AR ] KA S5 1 b AL FAR K 2516 km?, 16
LA P JE R A R b I X P 7K A4 5 3 b [ Bk b s £k
FURLIR 3830 km?, 7K 445 0 1 11 B2 7 HE iy 8.43% 7%
4 6.68%,

T BETE 1990—2018 4 [H] (1) 28 3l T2 & AR 17
FATL S SR BRI X, 2B B AL B4
291351 km® FLHLTEBEAY, , Ho b 172 #A BCT- [ 4 b 1
X PN b S A T ALGA 1089 km?, I FHb AR AL 32
SR AT 12K P L RS RO XA 16 1L i
PR AR A A X, 12 4 L L R s BRI X A A
Hi T 2 R A 5 B FLASE K 1858 km?, AF 5
FERAAE 121 24807 S 5 o 1X 5 16 11 i 5
Y B DX PR B b e S & ) R A g 1A P 1 R
FEIK 2026 km®, H =R A AE 161 R0 1L Hi P A PR
b HBIX
42 BRBBETUMESIMERN R ESRTKER

NN A SR BE IR A BT R 6 L A 5
AT AR KA FE A, W B 75 R B D T i
BR A= = BRI A RE 1, TS B4 BE AR 46 (Shittu et
al.,2021) . UTAEA, RAbHL X il 2 T “ PR 2% A%
Tolb ™ R R TP SRR i A5
— ZRINBUR , ik pt 225 Pk & i | A
BT ASRGTIR A Y AR B AR AR PR
FEAERZN

T X AR AU X X A SIS AR S (EV) it

A5 AR AR AR RS R £ 1990 4F 2 0.6110,
2000 4F & 0.5959, 2010 4 & 0.5938, 2018 4 Ny
0.5968. T 30 4F- A, il 45 AR RN B M AS W9l I Al
FH R #E b, DL B K B M e AL 55, SR Bl X AR
A ST B 2 T B H JUHAE 1990—2000 41
(] 5 A B & . 2010—2018 4 [a] 0 5% (X PN A A5 3R
B2 I WA A, S AR R A DG BOR i T AR AR
v, ol LA 2 PR O W A B A (LR AR A
AR

AU XA SRR i X I 22 5 H 25 9 i
(FE3) o 12K AL H T RO X 14 K 24220
FEWRAT FEBE BRARAV X (15 /N 24220 L i T ARpROT
X /N X B 5T XA 2 A 05 o ) o L IXC
1990—2018 4 [ia] H:Af 4 v 3 4ii 75 0.7100~0.8240,
[4>15>12, 11 =T J5 s B i X 13 30 4R °F 5t
TEHT B X 16 LA~ B e A b IV X 17 A 30
S JER AT BBV X 2N X AR S IR 5 A 08 g
1%, S IR ST IX AL S IR BB AL ) R X

11 =T R T #E o X A= S 3855 T i 42 )
TP R (1990—2000 4E 1 T [ 0.28% ) —#4a TH4
FE (2000—2010 4 ) —PLid N (2010—2018 444
F%0.47%) o 124 L L b I Y BRI X RN 14 K%
TS FEIRHF 5 FR ARV X /N XA 25 PR i
JEFRE R, A IR T R AT o 1S /N2 e 1
Hh TR AT ARARO X A S R T i 26 07 T MRl R R
(1990—2000 4E 1 F % 0.53% ) —ita T 54 5 (2000—
2018 4F) o 16 LI ~F- i iy Bk s S0 DX A A BRI Jo i
FE 1990—2000 4F 25 JJj T PR3 R B, 4R ¥R B Ik
0.52%. 17 AL Sty FEAF I X A A PR o i 28
T3 T MR [ (1990—2000 4F- 3 T B 0.25% ) — 2518
T B (2000—2018 4F 24 T [ 0.03% ) . 25 [A] 4K Jry
F L1506 17 /DX AR L 4 2 T s,
12 .13 14 /NX Jg AR RS e X3

128 4 AT A1, 1990—2018 4F , #F iy  #5 Hh Fl /K 4
50 2 A R AR, Bk b A Sy e b RN K R S 1
P BRI X A S R BE 5 i 0 Y S R
BEARAN . AR HE AR SR T & R R
BEHL , BRAREEAS A TR BRI R, RO S AL, R G
A MTREE , VA SCRRAR R M T S A Sk 8 15 P b
S EARACMBE X A S IR AL Y B AR 2K
R W X [ A7 7 2 A 25 st A 25 AL i 7
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(a) 1990 &£ (b) 2000 &£

0

(¢)2010 &

N N N
A A A
0 200km é‘/‘ 0 200km :
[I— 5 | J ¢ L °a

(d) 2018 &£ i

A

0 200km

EV [_Jo-04087 [ ] 04088~04151 [0 04152~04294 [ 0.4294~0.4s62 [ 0.4863~0.7754 [ 0.7755~0.8240

P13 1990—2018 4 AR LA IX A A5 PRI o fk 2 ] 2 S (PRI AR 35 ST I51 2)
Fig.3 EV spatial differences in forest—cultivated areas of Northeast China from 1990 to 2018

FARAL  (EJE A BB R TAE S IR BT UGS, B
PRSI U B T ¥

5 ZRAEARBRIX H AR IR AR AR 1 3R B0
PalSES v

RACMRHE X1 AR B2 U5 AR fh 5K 3 7 R 28 AT A
N SCHZEFN B R R PIANJ5 TE T 04T, 3 95 7 T
DAL 2R (AR PN S 9IRS B4 T A A A FH R 0 R
() (ZEIEHESE | 2009; Mao et al.,2019) . KIEIFIE %
B, B8R BE U5 AR A AR S - R AR Ak i) F2 B 0K B A
L A SCE R AR Sl [ AR TR AR AL T T R HE A G
SEVER
51 AXEZERZEMT

FEIL 30453k, ZRAUMHE X (1% A AR BRI & A T —
FINVEZ, BHLITERY KT £94.92x10 km®, Ml |
B A TG AR U D T 29 2.26 % 10 km? 6,13 % 10°
km?®, FEAF b 7 H SR ik . i AR )
NSO B A L3 A%, BR3Pl 4544 B
N Ao RS R AR 20 Y b 13 SR B8 R AR 5
FEA R (ARAE 2845, 20205 83745 ,2021 5 5K 7 L
85,2021), Hrh ZOUBCR 15 | F 0 B3

ARG IX A Sy v A S Tl b Al
T o R 3, H G ) R 8 % B SR A R T
I, Tl AL RO AL B B R o Ak, ARk IX.
St 22 TR . A R R O 1 X Tl Ak
ST AR IR TR A AR B o ARAE A Tl S b R
Brrb E T R AR O HERU ST SRR Tl iR R
T R ZR A FE R O T O B Ak 15

PR T Py s PR B R BTRR . 1 1990 4E LISk, H T4
AL R MO G H BB, AR Tl Al
WA M AR AL, Sa 4 J1 N B, BE IR T 3
iR 8 SR A AR AT A SR8, 5 Uil 2 1k
X B 22 BE WK, H 2001 4R 5 b [ 1 E 2 A
FLRA Gy LUWTO), XFRER A R A5l =l Fn
BTl A SR B R PR K

K, 2002 4F, 7SR il T B R
AT AT B, ZR ARG Tl I b 17 X S 1]
B AE20034F 11, EIGEZEHEE T “ P24 AL
H—dtt 1004~ E G H , B4 6104270, 2003—
2014 AF I A] [ 5 S0 22 10K HRFE AR AL Tl 3
M RHR LI, 1 AR b Hh X AT — 8 SRl A
PIEE AL Tl I 5 A K HHE S T AR AL IX % Tolk Ak
iR [, 205 & SRR I bk 7 A gk /2, 3l
PN NN R S i) I 7 N TE 7R I 4 T e A e
I T Rt TS B I AN DA &
IR AU 1 DX IR U —A< A R T v R 0 PR A Ik ol R
1Y & FE(Mao et al.,2018), Bl rA /R K& ok PH A
R R T 2 FH b PRI S A T

BrUbZ 4h, i E 2 T — R 5 i A B g
W A MR BT, A TR R R R A
ST (1997—2027 4)F1 2005 44V A A HLH , 51
RARRKEIF B 2 KR IR BG4
R IV 4 DX ) SR SR AR B Sy kb . 2008 4,
(AR % 4R KRR (2008—2020 48 ) ) 4
PR ARIOKRELE A A BT MK AR IL KR = 4k
7, [FAE, (B HE T40 T M A= g 1 A
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R4 19902018 FRIEMH XK ESIET WA EZIRED
EFRERBE
Table 4 Main driving factors and contribution rate of
ecological environment change in forest—cultivated areas
of Northeast China from 1990 to 2018

B et THRKmM® S TR/ %
BEh— AR 32191 1.93
L —FRAK 28625 0.68
SHAES B — 6212 0.3
WEGE ARk SN 5397 0.21
KRR 5397 0.13
a1t 77822 3.25
AR 45719 2.6
T — 4 i 32118 1.28
KGR 16865 0.61
ARV 19317 0.56
5 7318 0.34
SRS AT 10498 0.2
B L —H PR 18295 0.18
AR Hh 1439 0.1
FEHL— B 1877 0.08
W — 52 2759 0.05
AR 308 0.02
il 156513 6.02

(2009—2020 4F ) )5 4 1k 209 4~ EL A 12 AR A= 7
Rl DX, Gl B 187 B AT 1 b AR B T 1 AR
DT 5 4E P R R B3 5012 kg, BRIEITAA
B CRIETTAR PRRS R Z B4E A R TRERLRI) , $5
S AR N SEPURE IS AN 10042 kg; 2010 4E, (& T-hnh
SRR AU X Al ey A BB AL 45 T W
()38 0 )8 HHE AR AR S e b AR 2 4 R
W e i RO IR AR YE X B, KOS B IG BlY
e Ay B AR B PR T IREE Pt i R [
SRGEIRPIHAE , X E AP 2R

ZE LT LA, B R AR 0 Tk 3 b R 2%
I R I A B B AR AR AL b X 30
Ak A SR GEIRAR S EBEIR SN T .
52 BHREZEMEM

H AR GRS A M T bR K S AR
ZHR A MR, RN SCHEAER, B 2, n
S SR O BB R 2 HO + R B A B
(A 294, 32 BRI LR R AE ) s RUbR R
Pl e 8 S A A (AL BRVE B R0 1 1 52 i)
b (FF a3, 20015 ZEEHESE 1 2009) , ZRb

Hh XA Ry A BRI AR AL URR X, 4 BRA AL B f A
TR HEASIE HAE Y S RRE AR i K
PR T B AR A 1 IR BB R 4R R4, 2000b;
W DARSE,2016) . —LEII4 VA4 b K B i
A5 AR SR 2R A e 1 il X ) R e D B T i
YA R Ak

TIF 5% DX A, T b BRI 55 A8 Ak 45 K 9 R T 2
JRUIX, Je /A I8 A i 18 i DX 3, 1 Akt 4 i
AR T H AR K R 2D, 28 B0 R PRk &, 3K
fiff - 498 285 A T K 437 BOIR S (B TRt SO Ay
1999; 5K WA SE, 2010) , £ B A 52 0 DX Al 2 7=
() EEE [{IRKE Z— A A 7= AT e 4
e ZRACARBE X AE Ry 3 2L A ARl 75 i R S e, 7 22
PRUEMR ™ 8, T DA SR ) A S5 A X6 A b 1
R BE ISAa 2 BT 5Tk

ARACARBE X T 3222 R F i, 4287 2y
WA PRAE A R B, R EARIR R TR AR
K, EEARG AR ER DNEERMEY, T
AR, AR I VLRI (4 S5 by -t F T KK
e, B J5 3 AR I R 3 O 25 305, 2021) o R
OB DX 1 53 A7 T M 330 VR A IR 1 T S
X, 3 B b - 2% L HK SRR 5, AT LR K
FEAEARAE D R AL 1) A 4 25 1, A B b T LY
i (AR E 45, 2009) .

6 %5 i

(1) R A58 XA 25 At 2R R DL L £
B K SCRSEAE SR 78 A8 AR R PR SRt £k
F 2R = R BRI R KR S R
U5 TR FH RN STE A5 7 R B IR 2 [R] 43 A Y &
BE PR il i S e TR T A
5 3, BT A SR GEIRZR A XA B AR L B AR
H AR IR K X1 43R 74— 4% AR GE VR X A
1470 =G HAR BT HIX

(2) 38 3 XFAFFEIX 1990—2018 4E 14 [ K %5 5 it
2 BIAFHIEVEE 0T, 75 FE 1990—2018 4[],
ZRACMAE X 3= 2 BEURARARGEUR TH U /D T 2 22586
km?, BRI T 249 61262 km?, b 2 5 i AR 0
T 2149156 km’, Iz FEL AR LR AR R HBEE S R
IR K A 550 b ] B DR e B b g o R Sy
B, BB L Bt o T
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(3)35 30 4F , B3 IX A A5 05 o o R 22 T
HaH, U HAE 1990—2000 4E- 1 [H) Fe AW R, M2sT]
¥R 124 1L L b BRI X (14 K42 5E
T B8 RO IX. (15 /N4 2206 1) b I A AR AR IX.
TGN GT XA AS R ) R X, T =T
S FRH A X 13 30 2R Bl FEHB A X 16 1L
HF R B DX 17 A8 S SR Y BRI X A
ASFREE 5T 38 i O 1 5 HE A 1. 15.16..17 — 40/ N X A
B UEY 2I N E IR X AR
B ALY EEHX . S ERIUMRIX A 2S5
G BB R R L AR R R AR AR R S
T M9k T R A B L, R ARG A8 A TR A
T ERAL ST . ARAR R T & A A B T
FFE DX AR A PABE o A A A S Tk R e Ko

(4) FRMRGEIR B GEUR K R 5 90 1 5% 78 S B
Hiy, FRARTE AL LA B B b S AL R AF 5 X A S A
AR 5 R 2 R, i3 A A T A S A O B
TRV FE D B [ 530 AT R 1 e AR B AR 1B SR 118) S it %
F AR GEIR I A AL TTBRAR T, 18 177 X A A A5 I
FEAEREN
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