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Effects of Land Use Change on Terrestrial Ecosystem Service
Value and Carbon Storage

—A Case Study in Dalian City, Liaoniang Province

Li Yuan', Li Faxiang', Liang Jinshui', Li Tianhui', Liu Changfa'*
(1.College of Marine Science and Environment s Dalian Ocean University , Dalian, Liaoning 116023, China ;
2.Key Laboratory of Offshore Marine Environmental Research of Liaoning High Education s Dalian, Liaoning 116023, China)

Abstract: [ Objective] Ecosystem services value (ESV) is one of the important measures used to evaluate
whether regional land use change is scientific. ESV is related to regional sustainable development. ESV and
terrestrial carbon storage (TCS) changes in coastal cities were evaluated in order to provide a basis for
economic development and ESV regulation in Dalian City, Liaoning Province. [ Methods] Five periods of land
use data and related data from 2000 to 2020 were analyzed in this study. LLand dynamics, the equivalent factor

method, a land transfer matrix, ESV contribution rate, TCS, and principal component analysis were used to
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calculate the land use change dynamics in Dalian City and their impacts on ESV, TCS, and terrestrial carbon
storage value (TCSV). [Results] @ Construction land in Dalian City mainly encroached on farmland and
forest land in the southwestern coastal area. @ During the four time periods from 2000 to 2020, ESV in
Dalian City initially decreased and then increased, and the decline continued to intensify. The decrease in
arable land area and the increase in construction land area had a direct impact on the maintenance of ecosystem
service functions. @ During the four time periods from 2000 to 2020, TCS and TCSV in Dalian City initially
increased and then decreased, and the decline continued to intensify. The reduction of forest area directly
affected the maintenance of TCS function. @ In the land use transfer matrix for Dalian City from 2000 to
2020, farmland, forest land, and grassland were mainly transferred out, while construction land was mainly
transferred in. The contribution of ecosystem services varied among different land use types, with contributions
ranging from cultivated land, forest land, wetlands, water bodies, grasslands, and unused land. @ The
changes in ESV and TCS in Dalian City from 2000 to 2020 were mainly influenced by economic growth,
adjustments to the three major industrial structures, and the development of urbanization level. [ Conclusion ]
From the perspective of economic development, ESV improvement, TCS capacity improvement, and
sustainable development in Dalian City, it is necessary to focus on the conflict between the expansion of
coastal construction land and ecological and agricultural land, strengthen the protection of northern forest
and grass ecological land, accelerate the ecological environment restoration work in coastal areas, enhance
the carbon sequestration capacity of ecological land, and avoid unrestricted blind expansion of construction land.

Keywords: coastal city; ecosystem service value; terrestrial carbon stocks; natural economic value; principal

component analysis; Dalian City, Liaoning Pronvce
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Table 3 Dynamic degree of single land type utilization in Dalian City
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ecosystem services in Dalian City %
— ﬂﬁijf?%ﬂfi%ﬁﬁﬁi?
B Mmoo K B R
2000—2005 4 1.42 0.01 0.21 0.00 —0.61 —0.02
2005—2010 4 2.32 —3.17 —0.75 1.52 0.89 0.18
2010—2015 4 0.95 0.05 0.07 —0.01 —0.05 0.00
2015—2020 4 0.56 0.05 —0.24 0.00 0.66  —0.02
2000—2020 4 0.82 0.35 0.13 —0.15 —0.11 —0.03

3.5 FhthExfE=E

4 Fn L 5 S R T el b Bk i B Sk i R o AR
K. 2000—2020 4F TCS B K 7.82 X107 t, W55 X
£ 2000,2005,2010,2015,2020 4E (% TCS 43 %141.60
X10%,1.61X10°,1.55X10°,1.54 X 10°,1.52X 10" t,
R % T il b s A et T B R 3 R A b R G
PR BB A 4.67 X107 t(ff 59.73%) , {E M1 1.83 X
10%t( 7 23.43%) HFHL 1.09 X107 t( 5 13.99%) , ##
B 1.04 X10% t(5 1.34 %) , Bl 1.02 X 10° t(fy
1.31%) K38 1.60 X 107t (5 21%) . 16 WF 5% 9 i) &
AR V1 R b G AR Rk T R i
FK S it B 7F 32 AF 3

2000—2005 4E KT TCS B Am 1.39 X 10° t, 1
i A T M B K 1,55 X108 ¢ Al 9.27 X 10 t5
Bt b, AR R0 B b 43 0 B /D 1,38 X 10°, 3,01 X 101,
8.73 X 10" t, 2005—2010 4F K & ™ TCS W >
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6.71X10° t, MRHE , B Hb R Hb 43 50 920 9.79 X 10° ¢,
2.17X10° t Fl 3.04 X 10° t, bR His 5 il £ 5= 0l F e
T b, 7K 35l R B b A3 0 3 K 2,17 X10°, 3,52 X
10°,6.43X10° t,

2010—2015 4E KT TCS W7 9.52 X 10° t, #f
i, At 0 43 5 98 20 8,42 107, 1,55 X 10°, 2,84
X107 t5 7K S8R A 15 H b A 1) 43 00 35 K 2,00 X
10",4.95X10°,1.21 X 10° t, 2015—2020 4F K&
TCS /b 2.10 X 10° ¢, B Hi bR | 35 323 H 80 6.70
X10',1.87X10%,2.06 X 10° t; £ % F Hly F1 45 Hb, 43 5]
B 9.07 X 10" t A1 1.25X10° t, B0, bk M 2 0% 4%
A1 5 = 10 PR G A by At 2 2 S BORE T TCS
I TCSV FRERY B2 A .

20004F

10000 M
9000
{ M M M

3500
3000
2500
2000
1500
1000
500
0

Fii b 5% i B2/10% ¢

2000 2005 2010 2015 2020
F
Pt COM EREN COmWR CERt A

B4 XETHREAMKEE

Fig.4 Carbon storage of various land use types in Dalian City
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Fig.5 Carbon storage distribution in Dalian City from 2000 to 2020

3.6 BhtEAEFENEE
P 6 g K 3% A [R] b 28 Bk ik A7 A fE . 2000—

2020 AE R &AM TCSV MR 5.08X 10" 7T,
1F 2000,2005,2010,2015,2020 4F[a] H: TCSV #4351
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91,04 X 10", 1.50 X 10", 1.01 X 10", 9.99 X 10",
9.85X10" 70, MiHh, 10 H Bk HE L5 3 FH Ml L 5 R K
WA 59.73%,23.43%,13.99%,1.34 %, 1.31 % Fil
0.21%, 2000—2005 4F TCSV B &3 £9.02X10° JG,
HE M PRl I B 43 3 9820 T 9.00 <107, 2.00 X 107,
5.70 X 107 JGs 7K 38, W8 H R0 #E 5 H 4 B 34
3.00X10",1.01 X 10°, 6.00 X 10" J&, £E It ] [a)
TCSV 4bF 88 KR . 20052010 4 TCSV & i ik
B 4,36 X 10° JG . A b AR M 43 5108 /0 T 6.36 X 10° TG
F11.97 X 10° JT 5 B b L 7K 385 02 Hb A 7 5 ) M 4 0l 44
Jm1.41 X 10%,2.28 X 10%,1.41 X 10°,4.17 X 10° JE,
M TCSV TR 6.00X10° 7T, ¥HE R R G IR 5%
BrfE 1 TCS 7= A AR F 0, 20102015 4F TCSV
S 6,18 X 10° G, Bkt | AR b 0 5 #4350 vk 2>
T5.47X10%,1.01X10",1.85 X 10° JC ; 7K 38 . ¥ b Al
A M 43 9 BG hm 1.30 X 107, 7.85 X 10°, 3.21 X
10% JC #F M R A0 B ) TCSV R i 1,00 X
10° JT , X B b T FR A o0 ok 5 45 %o A A8 R e ik 55 1B
DIRE PR HE 7= A AN FIFZ W, ARl TCSV A B 2 i il
TCS &AW, 2015—2020 4F TCSV 2 />
1.36 X107 7T, #f Hi . AR H AR Hb 43 90 9 2> T 4,40 X
107,1.22X10°%,1.34 X 10° JC 5 7K 38, %% My F0 & 5% JH #b
A3 I 3.00 X 10°,8.10 X 107,5.90 X 10" JG, # i
FUMHL ) TCSV N R A Sk 22 , % A4 28 R 40 ik 55 h (E
DIREFN TCS ¥ EA L HEH .
37 tHBRETUERHESR

F 6 SR E R 7B 9 Kmo H1EL R A 4 4
55, RS HT ) Kmo {H R 0.733>>0.600, F /R A

AR A A A A s E M p =0.000,<C0.050,
TA A DR AR e 22 [E) A7 A8 AR S 3l A R A4 .
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Fig.6 Carbon storage value of various land types in Dalian City

R 6 Kmo FIE4SF 451018
Table 6 Kmo and Bartlett’s tests

Kmo HUR: I8 P11 12 4L 0.733
AR TT 716.302

CRF R EROE BE R T 105
B E M sig. 0

R T ONRIE T FE R T B T 25 MR BRI
W TREE R T 1R 2 AR EY A 2 A4
EWPFEE R T 1, KRB R 87.37% KT
85.00%% + Hif 2 A TR o> S B e T A 1 15 AR
L R IBCHT 2 A B AT IR EOTH .

KT RETERDEBHTERE

Table 7 Interpretation of principal component total variance in Dalian City
B 46 R AE B 2 HUAR A - T R TiE e 48407 7 75 1
WA FEES S RBUE wip  EAEN S RBUE wi  FEAN RBUE
/% By % /% AT/ % H/ % By %
1 10.563 70.419 70.419 10.563 70.419 70.419 10.302 68.681 68.681
2 2.543 16.955 87.374 2.543 16.955 87.374 2.804 18.693 87.374

WG 2 7 FUTE % J5 1 B4 I (3R 8) 43 #r L 5 —
F R E LA AT R e, R 2 B0 B KR
A# 3 X GDP i, 4E K B L &l 7= . GDP
(B Hb 7 W OIS L 25 T B R R L G B e
Tl 8 o 0 g X Ak 2 i AR TR BK S

5 AU O S R R a7
BN — 7l 55 7k 5 =l I B K BE R GDP
FHTFIK .

4 e

4.1 it it

(1) PT3535 6 ¥ 3k Tl % Jee - b ) A2 Ak
[, ] ] A B A R I bR iRz — & A
HoAR @it s RN GIASRE, StHm
Hb Ak v G R b DX A IR AR &R S R R SN T 3
I, GDP 36K 3 i M R0 & ) M T AR K 5 R
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TTE SR A I v AN W45 o A 25 28 bl 9 DA ik
I ) 249 JFG S J ) DR AR ) kB A 5 A A R
g

B TR T E R EHEE I S — R X 22—,
TEIE 30 a B9 % 8 v B2 0 b i = o B 3, B B0
LT B JEE T s 2B 25 28 GE IR 55 M (EL Dk 20 14.7 0, Jin Tl
T A IR IR A R P

T AR B A A B v A AR b T AR
Fe il 43 5 R B 10.96 0 F1 8. 600, B JH ML 3

1012.3 km”; 2 BF AP & SR W 51 N R4 il 7
P rlT R AT P B AR AR P b AR BOR T L K IR
R T AO FH b K 0 FRB BT R T K AR A
RG0S A SR E P 5

1T S 3 b ] T A A A, A R D M T RR Y
Jn 310 km® , 52 35 /K S8k 1w AR ek 2D 43,506 5 B iR HL AN
Wik A 5 Hef e 2, § 3% ESV PR 17.2% ., & O
VTR I U B il T R R L E R
FIEER LS & ESV TR E 2 R FE

RS REMHEFERHINSHERE

Table 8 Component matrix after rotation in Dalian City

B 534 THE 7% J 118 1 43
5 H Lk i w5
1 2 1 2
A HLIX GDP 0.985 0.15 SRS 0.983 0.098
i K 0.984 —0.081 Hi 5 W B A 0.98 —0.054
Al g e 0.98 0.148 AH 0.977 0.108
A H 0.98 —0.069 ANHj X GDP 0.942 0.325
& GDP {H 0.98 0.182 X Ak 5 TR 0.94 0.183
Fh2 i 2R R DA 0.965 0.195 gl g e 0.938 0.323
AR /10" m? 0.963 0.06 HHHEAL/10" m* 0.937 0.233
R X 0 s T AR 0.958 0.01 M GDP 1 0.931 0.355
i 0 B A 0.954 —0.229 Tk m{E GDP 0.917 —0.312
Tk 3 A 0.846 —0.472 AT 2R B S 0.913 0.366
#—7 b GDP i/ % —0.82 0.499 #—7 b GDP il / % —0.896 0.343
24 AF bRl 38 0 v R —0.606 —0.247 24AF B HlL 34 0 i R —0.551 —0.352
A 2 TR 0.184 —0.961 =7\ GDP W/ % 0.247 0.941
% =7\l GDP i/ % 0.413 0.881 AR TR 0.354 —0.912
% "k GDP LHil/ % 0.314 0.357 %5 5 GDP il / % 0.245 0.408

25 b oy [ A R Ak R v, A Ml IX 32
ANTR I [ R B0 2% o 48 % B2 25 IV BUR UL 3R 1Y 52 i
H ] T T B T g PN R ST TR AR i A S 55 5 kA
P B W 12 T AEAE A AR T 22 5, 1 IR T 25 ) %2 3
TEBG 2F E L BRSO R AR U XAV BRI AR
FR R0, IR U M X LULC #E#2, S8 ESV 5
TCS B Z4 . P B 3 Tl 7 ol 85 44 31—, 3B Ak A
A 5 GDP KB, BUR T 10 3K 2h X 2 5 ESV
5 TCS BABRMAEH .

(2) bR A AL IR B B E . b R e A
32 3R B3R R e AT — 1 25 R A . K
PRI T B AZ O DX M R R AR A, 32 A2 A E X A
QSRS AN -2 N N m R | Wl a3 -7
M 70 M T R A A R AZ 1L Hl e B b R 2 B
PSR N R R S I A R A
ALY KT R IR . FHL DT+ A AR 3z
WAL SR BUR I S R R B T B BRI AR OR A

ASCHIE B AR L % T o A R Ak A2 B
PSR IR R L GDP S B 3 =Rk
SEF U B AR B R IR B, 5 RO A R AR
LT G T AR i T B i R L 2
22 GDP 3 WU T, 7 25 4 ) 4 | i i
M SRIG AR, e 2k 5 (0 22 3% S e i 4 10 il
A R GE BN A5 A AR BR AR o AR R T B R
W5 G S RS BRI T S e A TR R e B
ZAeME LR A TR R

L LTk AR BH HY 5KO A AR AR Y
— RBUHE L TE T DA B ) b T BRI B L AR
Rt A A M) P e T AR A 9 W R R AR K
AT v [ R 28 A T 22 52 B kAL B
N FREAL . GDP F77 b K Ji 25 52 0 596 3k 7 5 Y
Wi 3o T AR AN 1 4

(3) A2 25 R GE MR 55 A {615 ki i Bk i 4/ 0 M
KRIET TCS 5 A ESV & #9722 16 5 £ A 1] 72 1k B
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VAR b 30 b T R ) R 2 ek /L, g T B T R o,
BT RKEN ESV AH A, fE TCS & 28k 75 1, &
15 FH b 3k BE AR o PR Ml R R b, 2 S 3 TCS T R
B S S T A R 0/ T (U Rl s Sl 9=k R Vg 7
S S AR AL L T R AR AR I 5T 14 B VY A4 A B % A
TR X (AN 35 o R 1 S R I TR V& R g
L. TCS Z ¥ &k J&, #i H b i U s #F b, AR
b b R e TR D B e A K

AT, S FH T RS AN R T il b A 3 R G ik
TBFERE 14 TF, ESV, TCS Al TCSV 197254k 5 + Hh,
I A5 A 2 R ol R R 2 b ) AR A T B 0 SR
SESL. PR, DA MR R BRI 0 A R R R A B
Bl A b | M ) A b AR Y LB T s
s ) 35 P A 5 5 T R L R | K e A
FEARAED RGN AR T bl A 25 55 D g 5 B
b ff - FRR A A 8 1 B2 T

(4) BUREW ., KRiET L 5800 5 4 S p
W QT = Az [ 5 = XK =478 &3
KECA BT S A R LA A B 28T B R R
HETIT 20 U K 5 U i A S AR SR A, SR T 4 Hh
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(10 ) R, (4 ven A 182 b R 008 4R 2 fh ik IX % e
A B A 30 T G s DR E 3 T AR A R S R S5 T RR 1 Y
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T K% TR I 4 i A A ) ) 3 B A g L B T
MR AR BT 2R Z IR R LR R G 4.
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