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Scenario simulation balancing multiple objectives for optimal land use allocation
of the Beijing-Tianjin-Hebei megaregion
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Abstract: The Beijing-Tianjin-Hebei ( BTH) megaregion, a fundamental core economic region of China, is of great
strategic significance. However, dramatic landscape urbanization has resulted in a growing threat to the eco-environment,
such as an obvious decrease of arable land, water resource shortages, environmental pollution, etc., which has severely
restricted future regional socio and economic development. Thus, land allocation optimization across the entire megaregion is
an urgent issue challenging regional planners and decision-makers. In this study, we used the BTH megaregion to develop a
research framework to integrate a multi-goal optimized and spatial configuration model to simulate an optimized land use
allocation scenario by balancing the socio, economic, and ecological goals in 2020. We found that; 1) a multi-objective

generic algorithm is suitable for multi-objective land use structure optimization and provides a foundation to predict changes
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in multi-objective land use structures; 2) by integrating the optimized schemes based on the genetic algorithm and CLUE-S
model, an optimized land use allocation scenario could be established; 3) by comparing the similarities and differences
between the optimized and non-optimized land allocation scenarios, we found that in the optimized scenario forest land
increased more significantly and degradation of cultivated land decreased, which reduced encroachment into important
ecological land and met the purpose of optimizing the land use structure. Both the research framework and findings of this

study could support the planning and decision-making for the synergetic development of the BTH megaregion.

Key Words: megaregion, tradeoff, multi-objective optimization, spatial simulation, scenario analysis
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Table 2 Ecological values coefficient of land use types
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HHL( C,) Water 39950.94 HoAlh (C4 ) Others 360.17

http ; //www.ecologica.cn



12 PURCRC Y S E TR R A QS5 L S ARS T SO € DR e o R i e o LR RN W A W R e pa s g 5

W BRGEE R BUCAGR(3) AL Ak 28 HAr ek B (4) .
maxF, = 18736.38x, + 6208.32 x, + 39950.94 x, + 5925.34 x, + 360.17 x; + 360.17 x, (4)

1.2.2 A&t

TR B BRI 5 #IE B T BT - i ) AR f A B AR T 910 i B O ) R - b AR P AR R )
MIRATE:, AR FEHEE T a2 R A OB E AR I R ow AR IR E A o B
S oA T TT R B 20 MR A 2 B R MR A e 2 SRRV 2 AR AR 24 B 8 B 24 SRR R R A
S WA 2kt TR, AR S B FIBOHRE 114 Xof A 18 FH ) 51 DA B o) LA B Kb by it B A5 A 2 b R
DI, B IR 32 B R (b aUTT 3 A A EARE R (2006—2020 4F) ) F T L 3 A FLEAR LRI (2006—
2020 4F) ) (T4 LR SRR (2006—2020 4F) ) 45 BRI EITT .

(1) TR LB 45 bR 2R AR o T AR A A A 7 25 T 9 IX A T L, B

6
A= x (5)
Y
A, A WEFE DR (hm® ) R sU ST SRR B 20RTS W (6) o
X, +ta, +x; +x, +ag+x, = 21434760 (6)

(2) NER G 290 44 R AP b 0 i P b S 259 N 00 28 88 00, DX 3 Py f N I i 7 92 ol 7 95 30 4
(2020 4F ) BRI 2 P, DI G A2 X3k P 9 N 11 gk g 0Kk, B
DY x+D,) % <P (7)
2 Dy D, 53 Ry BT R SO A FH b B FH b 4 2020 AR T H1 5 B2 ( /hm? ) 56, o, 43 31 Ry 46 P
RT3 A FH b T R hmz) ,i=1,2,3,4;7=5( Hrr X, y‘:lﬂxiﬂ;xzﬂﬂﬁﬂﬁ ;x_;ﬁi/?ﬁi&;%ﬂﬂﬁi&;xsﬂﬂ}\j:%:{ﬁ) ;PN
2020 AFRTEFALRILE A T (), AL 1 1R BB R BRI (2006—2020 4F) ) | K EET A 3R A AR
X1 (2006—2020 4 ) ) F¢ s L b m] A e A0 9 ) rh AR BRI , AT 45 2020 AR b4y RET JEb i d A |
BRAF5HR 7480 J7 1500 J3F1 2300 T3, K mTEERIN T #E 2020 AR MRS B RRIRCH P A AKX
(8),
2.83(x, +x, +x; +x,) + 21.2 1, < 112800000 (8)
(3) BHOTF RSB BELI R, Ry Bl 1k 3k T E 1 FH ™ ke asb e, 6 A S PR BT A o g v AR FH A AR 4 b
FHEA Ay g5 FH T AU DA BRI, B 2 R 2 an T
As,o S xs = As.p (9)
A W N EREICRE R (hm?) 54, N TR 2020 4F R0 8 19 TR E AR F R (hm?) o S0k
TR IR T 2010 4F R FH 20 A &, B30 0 AR U5 T (T b 48 4 o R AR AR B4 (2006—2020 4F) ) L R e
7 A bR A ABE J) ( 2006—2020 4 ) ) AT b 52 T 4 b A FHEAR LRI (2006—2020 4 ) ), A% A B E 15 2
(10):
2133396 < x, < 2696500 (10)
(4)MBHBZY PR, AR BRI T B K BER AR S R N 9 oK B2 TR IR B i ™ 5, A DR IX K oA
BE | U T 24 SR 2% S TS A 80 e T RN /DT 61 D7 o0 Jre TN A 3] A TN, A T R

%y = Az, (11)
O, Ay ST 7 S S R T AR (hm? ) (RAADT R DL 1.3.2) ARABHER X (12) -
x, = 530208 (12)

(5) B A A, mirdE  RHE bt R HLEARRLRI (2005—2020 ) B 2 B AR B 21 26 25 5 36 T

Dy 0 ke JRARADAS B A UM, 15 B 2 TR IR
%, = max {A4,p,A4,p,} (13)
b LA, LA A B R R (2006—2020 4F) ) (R HEHT s A HLE AR RI (2006—2020 4F) ) Fil

http ; //www.ecologica.cn



6 S % 38 &

(Abmti A SRR (2006—2020 4F) )t 2020 AEHFHL LR A SR (hm?) o A,/ BT D s AR B
HFO A (hm?® ) (AT 1.3.2)  ARA S (14) .
x, = 9051804 (14)
(6) HoA F b K5 BE 2R An R =X
xg < (1 =-r)xA (15)
e N B TF R A AR A TR Y T T R A 3R R AR B bR e, 225 HAWTTOE S 92% , R A KL
et (16) .
x, < 1714781 (16)
(7) PRHbORAT S 25, R
X, =t XA (17)
K, e AARME A HETEZMOL R 405 540 at R b =4 i A RBURM %8 2 (a4 3 5T 3L P [A)
RN A B ZR P IS WAEZR DRI ) h 2 2020 AF 5T L TR AR 36 3800368 35% , Bl e=0.35, FRA%E
4:8(18) ;

x, = 7402166 (18)
(8) FEMLARAT AT, 25 R B s B I o7 A A A IR 0, 38 T A 5 b T AUNAIR A, A0 F
x, ZA,, (19)
o, A, R BLR AL (hm? ) (RAR L 1.3.1) ARA B @S X (20) .
x, = 1977948 (20)
() BUpiiRI 2R, s ARG H
x,=0,i=1,2,3,4,5,6 (21)

1.2.3 ek

AR N —ZHL REAIL™ A AR BR A (IR ) THAGHR 2R AR Rl RE rh A A BT — AP &, RN G 6
A s e AT A Tl A2 X AR S SRR AL, AT ARG R BRAR, RART R AR
ATLMWEN T — RS 5 A i i I Bk e, iy Tk U S M AR ST e A g A, B R e
i

1 T2 BARCAG IR R A 5 2 1) 2 B AR, M AR SN e, B2 BARZ I8 AT BE SR AR B35 OG-, B
DATG R — T RN FRA Pareto 2B, ARBFFYR ] MATLAB R2012b B i) 2 H st 1% 57k
(MOGA ) T HAfXF - A 454 2 H AR AL B 175K A .
1.3 b3 2 [ O A e T v
131 HdlkIR

TSI TR A e ) P PR A SR A 4 ] A S PR 4R 2 £1 (2000—2010 4F ) 18 S8 22 PP AG
LI 4 R o R R ) — S S A R, T B AR AR R IR B HE N TR T S AR 6 RIS M
W8 MR PR A PR E BEBE T Landsat-5 TM SRIEFEAR , FFH 1 170 X6 52 01 1m0 B AR 25 A5 (4 1= o ) FH /28
F RSO, JRIARE] 2000 4F 2010 4F Y 1 oA FI 20 A3 18] . I 45 G i o3 1 30 2 SRR B A1 S 4 ) A K
T X 2 S PRSI A T 1E S S0 E | DARAIE S JERg 5
1.3.2 CLUE-S By

C AW R Y] RIS TIOR8 T B2 SR S B 28 1k TRl PR MR 22 25 38 3 ok ) RS 114y v
YEARTEZEA A A — BT P ok AR i AR AT TR S 1 o, CLUE-S (the Conversion of Land Use and
its Effects at Small regional extent) BA IR A7 22 PR T AR K2 - A AR L A2 e w58 /N TE CLUE AU
Semh TR AR AL AR E N AME BT B, CLUE-S BN WA JEAS IR 5, B
(1) J 1 DX b 1) P A2 A 2 522 DX ) b b R 5 SR T B 5l 14, 5 L (2) — 4> DX = 3 0 20 4% sy A

http ; //www.ecologica.cn



12 PURCRC Y S E TR R A QS5 L S ARS T SO € DR e o R i e o LR RN W A W R e pa s g 7

JE 5 TR BOZ M IX Y [ RIS L BIRBUAL TS APR S DI BB A HT#E , CLUE-S 5
R0 R DR IE T Logistic [MIH B XAE B, 392 R G018 1 7 WA [] = b 3 55 S R Bl v 2= AR b ik
T H Y 5 4 O R AR LA B 2 3 v 2 #T

AR CLUE-S ALK 22 BRI A2l o0 e 2525 (8] F, AT 58 000 b A4 B = b A1) P A i 2 7 v
SRR B A
1.3.3 ZEBAEB RGNS Uity

CA R, AW 2Rt B S | A 3 PR RN K R %3 DU A A 25 R 45 T R X X Sk i A S e e B
I, WFIEE T T AR AR SS £E A A ot i A s 8] b ARSI B e 0T A e [ R0 X 3 A 2 8 4 1 AR X
HEAE, HETE LB R85 b E B B 42 AR IR AR AR fK (2000—2010 4F) P8 A PEAL s B Y
KIS R GRS 1 I ik SR

P T S R LI T R T g S0 SR AR A AR I T T ok X A S R G IR S5 T e AR T E R AR T X
AR AN MOTARF T 5 A 2 R GRS DREAE N B & X Sl A CLUE-S A5 | LASEEl R Sk i1k
B B H 2 8] J2 D6 A S IR AR

2 HRGRSE

21 RIS e

— AT, 2 FARME A IR R 1 24 F AR T RE I SR B 5501, 55 75 7T RE AR 1 wh 2 10 T phy o e
B 200 B AR (9 AR ) | 7T RE 2315 B R B A, T 22 FARAE Ak P 26 AT RE A BEARARFR A Pareto JE45 1,
FI A2 B bR A5 T LA R A 5 24 Pareto JE25 % , T4 BE T 22 e 1625 1]

5T E T MATLAB H ) MUGA FBEHetf 7 k4% Dol o -
ERE, PR AT 2 1k 00 | AR 9 28 1 ) %
A Pareto fif i R #RAR T BOAE, K 2 & MOGA #
RHN Pareto £ 45 7 FT 35 , A 2 17 1 355 A P 52 g 2% 4
75, IR R 4 s T LA 2R 8]

BIFE X1 30 4 Pareto £ i )5 R HEAT HLER 4
BE, T LA B4 7 R I RE RS 18 B BT 9 25 2235, L
FAZEH A, ABFFEN e 2 Rl 5 %8 (3% 3) ik o
T 5B, Jer, 5 56 1 B0 35 i AR A7 e
2 PR 3 AR TR AR A R b R A ' GG BRI '
T o8 TR A JEL R 5 5 2 POk AT T T Economic benefit value/ 107
HOAIR A, B AT AR E — 7 1 X BRZ8 0 2% 8, LT 1A 2 EFUERERNNRTELBIRST
7["{—%3@ E J:;L: :@Eﬁiﬂ {%?F , IEIL: Fﬁﬁﬁﬂg‘é qj*ﬁxd-% ’fjl: E/‘J Fig 2 The distribution of Pareto front based on two-objective
Ir T I 28 2 45 R RO S5 My (e g, OPemination function

00°

-22760 >

-2.2780 2

A AR PR B

Ecological benefit value/ X 10'!

=2.2800 -

ESEV N
®3 TR RHEEMMAT (2020 4F)
Table 3 land use structure optimization plan (2020)
VES sl it it Hiith NT3RMH HAtb
Plan Forest Grassland Water Farmland Artificial surface Others
1 74021.60 19779.48 5532.98 91582.27 22931.27 500.00
2 74067.24 19825.79 5302.92 91627.32 22978.45 545.89

http ; //www.ecologica.cn



8 S % 38 &

22 T Z HARH LR FOC A RC I SR

¥ 2 B bR - R S DAL S5 SR (75 2) Hir A CLUE-S B8, [R] % & 25 & A2 25 RS0 55 D BE 4 B il FF
K BEE A LA PSS B P s A MU, PN AR SUL A5 B SR T R 2020 4F L R FIAR B 0 AL 19 SR TS
X IO I T S A A B AR A B L R AR SRy 5 5 (1 3 (a) ) AR ERARS 1 LA TS SR Ak
Th 3 (181 3(b) ) AP E 225

HT I3 AR AR IS O SR JR) 34 ] TR LS R R AR S5 53 A 1]

>»z

I A
[
[ Risi)
] Bt
A T
] Hps

0 120 240 km

32020 FRERIMAAEREREMUER
Fig 3 Simulated land cover/use patterns in BTH, 2020
(a: SET I 52 SR AR A S5 UM JR A 18 5 b 3 T2 SR A S5 U SR A 1)

SAKT | FHET 307 2 4500 T 19 2020 4F A Hb A A% Js A28 A5 5t i1 2020 45 & RIS ST P )
K MR B 25 e S MEHE SR ML) Hh it 11 2020 41 T HEBE I T BF AR 350 35% I BER S Ak f5 5
ST SR XTI %, (s A b T R A W B8, A P A% 3 v ARl T BUAR 42 T 2010 4R340 2.37% , i LAk J5 Ak
Hi TR 4.12% , B0 T XSS IR I AR AR 35 2 18 b T AURH 45 T AR DAL 1 5 7818 R /IR FRAIG, (HK
LN e A N N < £ s R N I A A o4 S P B o1 2 L 1 B TV £ 19 T AT A S LS WS
R MR/ | 5T D sl S5 v 20 1) D 7 2 v Bk b T AR 2010 4F R I 5.56% , T Ak 75 & b R [k 4.40% , 75 G 8
WA R ESR, AT REARC 1, B TR AR AR A 38 0 A XU 2R, i N T 326 1 38 in B 431 K
G R RE, R S, A TR 2010 4B 17.02% |, AL G B9 T2 w3 b e A Ry 7.71% , i o]
DL AT S8 XS 28 5 R O AR S IR B AR A i — 2 k28 IR, P Dr AR Ak & LA K™ 2544 A
#OWEHR JE N T2 1 R AU SR A ol RERT & nt i B T AR T RELE R BRI ELR (6 4)

3 #

AR S AR A S SR T AL 2 (T R S AR SR 9 2 F bR L A A5 A AR B 5 i st
FERESR M 15 3 L s M TS5 DAL I B A I S TS, A TITGHZ DX 30 14 - A FHES A T A , e R i 28
A2 1 CLUE-S B DA 3RSk (2020 4F) A AU HESE 4 M 2540 (9 25 (e U AU PO B A St s . 2418
LU
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Table 4 The comparison between optimized plan and original plan

- Wil i 00 2010 4E T ki HT D5 LA RN 578 Original plan PALN 5774 Optimized plan
Land use type Area in 2010 2020 4F T/ km? A LB % 2020 4F T/ km? AR LB %
Area in 2020 Proportional change Area in 2020 Proportional change
FRHL Forest 71136.36 72819.72 2.37% 74068.56 4.12%
il Grassland 19779.48 20184.12 2.05% 19826.64 0.24%
i Water 5673.24 5302.08 -6.54% 5303.52 -6.52%
i Farmland 95844.96 90518.04 -5.56% 91628.64 -4.40%
AT 3R Artificial surface 21333.96 24964.2 17.02% 22979.52 7.71%
A Others 579.6 559.44 -3.48% 540.72 -6.71%

(1) FI 2 HARB AL (MOGA ) X Ak 2x (57 5 A 2580 i 55 AN [R) F AR B9 = o A I 45 # A IS 17
RIHEAT SR it , AT LIS B — A A 25 5 0085 1k BB K- 1 Pareto EF A7 58, N—E R BN PR AT 4R 11
IR S il 5 A LR PR CLUE-S AHAS 5, DI S8 B AU A 7] i J8 bR i) - 3t R 45 # B
SRy A AR AL

(2) DA T 585 17 I S0 25 P A2 8 D S AH HE , AR ) 18 1 e LUK X6 2 RO ZESR , S R A, {H [ g
T TR RRE RO, SR TR AR5 DT SEAH ZE AN TR 3k 0 2 i T % O L PR 06 ) P DA 1Y (EHCAE 5 ) o
P EARXS B 5 B BT SRR 2 , AT A AR DR AT B ORI A TR0 A DXl A 25 BRI R 47 i
H—E i (RAS S R AL TR AT LR L 25 R A 8, D RE I At 2 T R IR R

(3) BT RTE RO, A R AN R AR Z | AR A 2 BR800 nl st g ik 2s i, DL Dt
BCREAFAE 2 57 %) B 2/ ) 25 () I B AR RS DU 45 R 2 IS R ), 2 S AR 0 5 i R 7 1 ) JRy PR
Qo] B4 TED RS A0 A S A 1R RS TR R SR R SCRE  R  AT FrtE—Ah e

XNZREL, e, Wk, G, LRSS AL R TR, JE R R SR . SRR, 2005, 41(4) : 655-662.
ForE, KICH, WIFEW, Rk, RIAR, SR, Th URWEE XK WA 2 Hisiife. RS TRBNE S 98, 2009, 29
(2): 186-192.
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