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Analysis of change in the distances between global terrestrial protected
areas and urban areas
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State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing 100085

Abstract: With the expansion of urban areas and protected areas (PASs), the distance between them is strongly
declining. However, this phenomenon hasn’t garnered much attention. The negative influences of urban areas
on PAs have scaling effects, and with this distance decreasing, those negative influences may compound,
therefore the distance between PAs and urban areas could be an important reference for measuring these neg-
ative influences. Based on spatial data of PAs, cities and urban areas, our study analyzed the changes in dis-
tance from PAs to urban areas between 1950 to 2010 at global, continental, regional and national scale. The
results showed that: (1) at these four scales, the distance between PAs to urban areas were all declining. Eu-
rope (Western Europe) was the continent (region), which had the closest proximity of PAs and urban areas.
On the contrary, Oceania (Australia and New Zealand) was the continent (region), which had the farthest
proximity of these areas. Among the top 20 PAs countries, China had the nearest proximity, as the mean dis-
tance from PAs to cities with more than 50 thousand people was merely 143.5 km. (2) According to the cur-
rent situation and changes in the distances between PAs and urban areas, the top 60 PAs countries can be di-
vided into 5 categories: (a) the proximity was very near and the speed of changes was slow, such as Western
European countries; (b) the proximity was near and the speed was moderate, such as China and America; (c)
the proximity was relatively near and the speed was rapid, such as Saudi Arabia and Ecuador; (d) the prox-
imity was relatively distant and the speed was relatively slow, such as Brazil, Canada and Russia; () the
proximity was distant and the speed was relatively rapid, such as Australia and most African countries. (3)
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On a global scale, more and more PAs with high biodiversity are influenced by urbanization. This study may
draw attention and awareness to the changing proximity between PAs and urban areas.
Key words: terrestrial protected areas, urban area, nearest distance, buffer area, multiple scale, priority eco-

region
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Fig. 1 The change of nearest distances from PAs to cities
between 1950 and 2010 (city population size: no less than 750
thousand)
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Fig. 2 The change of distances from PAs to cities at global and continental scale. (a) The change in mean of nearest distance from
PAs to cities; (b) The change of PAs percentage in buffer areas of urban areas.

R B LB 3 A 3 43R OK - 1150% (1E2D).

H DXORUEE B, A 104N b DX 39 7T FH b 22 i X A 17
TRy Lo T 4 koK, Hodr, PEER. mERR. b
R AT 28l I (X 28 20 & 4 BRKCT B 435, 177 176 BT
FIHLIX 2 1, HA IE83% R A T3k Tiv I #1550
KkmZZ X P o 75 EEEIMK T 4 BROK S (1 10 i [X H,
JedE. BEAE. R LB EGE A EROKE, MR %
X I AS B A BRIK - 11150% (K1)

B o REE b, Bk 22 DR 3 b v 72 30 T FH Hh 5%
MIXTEE A . 19504F, HAA A 2125% 1) H 5 I T
FHH50 kmZg it X A r3r i bE A K T 1.16%, 1 2]
20104, A50% [ Z 1% 42 i X P R4l L 471 i
14.25% (&I3b). fEABRORIHOKE A, EE. ZW
Fifg P FH B FEE & 18 V. & 4 T FH b 2% o X P O 477 3 L
Bl 3N E K, A SEEALS 2 1, 20104 I

50 km&ZZ X N {37 b Ll 5115 $18.51% . H
FE[ 33k 117 F #4150 km 2zt [X P4 £R 47 1B L 451 095.85%, A
A AERIKT11150% (P 3% 1b).
22 ETRIPHEHHEBHERS A

20104F, A= BR LR b b5 3ok 17 V- 35 el R S A2
233 km, ZEi X A PR Hb b 3 2 10.9% . 1950-2010
B, ARERORG M S5 40k 1T 1 3 R T R B ek 1 691.58
km, i X P ORGF Hb EE AT B N T 4.25% . AR R R
HAERNBUIR S b, #5604 EZ o il Bl
B, AN RR (5% 2a), RN 3T S P, K60
AEZ oy REE T . BRI . BB AEIE . &8
FEITAN ST (P35 2b)

BT E PR S RN LA R, 2B HY
THIARHE 44 BT 601 [ 2K 4 IS A S Y (P 3%3): (L)BE
IR, SEUTIRFE NS (R4 H S R T T 48 el B
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R1 2010 F X RIFH S HHIER

Table 1 The distance from PAs to cities within regions in 2010

X PSR R e S0P X A R )
Region Mean nearest distance ? (km) PAs percentage within buffer areas * (%)
50 75 100 10 30 50
Pk Western Europe 114.79 114.79 122.85 22.38 58.87 82.56
I Western Asia 134.85 136.26 145.98 0.68 2.81 5.90
7% Eastern Asia 136.92 137.72 146.36 1.21 4.24 7.76
35U Central America 140.57 140.59 163.83 2.48 9.85 17.68
7§4E Western Africa 161.45 166.82 196.66 0.35 2.79 7.43
RV Southern Asia 178.05 178.81 217.17 1.62 8.99 20.60
FIEK Southern Europe 185.17 185.17 234.10 6.46 28.05 51.10
7RIk Eastern Europe 228.16 229.53 249.31 1.93 9.53 18.18
JLEX Northern Europe 238.18 238.18 264.41 5.04 18.76 31.66
dtE Northern Africa 24475 24475 356.22 1.11 475 9.33
F43E Southern Africa 251.56 251.56 252.62 0.77 3.72 8.64
J63E9 Northern America 249.17 266.95 289.48 1.32 6.13 12.07
74 Eastern Africa 260.88 288.23 304.73 0.16 111 3.22
35 Southern America 308.28 308.91 351.48 0.65 2.48 4,95
Hi9E Central Africa 322.46 322.57 383.72 0.19 111 2.66
HilE Central Asia 323.14 323.14 33357 1.08 5.73 13.80
AV Southeastern Asia 303.14 330.29 406.65 1.18 6.18 12.83
Jn#htkiE X Caribbean 338.50 338.50 388.99 4.65 12.68 31.09
KR IEFI#T P 2% Australia and New Zealand 492.04 492.04 493.20 0.49 2.42 5.56
KPP =K &% Pacific islands 2,812.72 2,812.72 3,198.28 0.18 0.40 0.48

a, =i N HHEE: 5077, 7575 10077; b, =FhEEh X EEE: 10 km, 30 km. 50 km
a, Below is three city population sizes: 500 thousand, 750 thousand, 1,000 thousand; b, Below is three distances of buffer areas: 10 km, 30 km, 50 km.

<233 km, 3 i A b g% X P DR 47 L £51>10.9%,
P18 A R S k2> 691.58 km, DAPHRKE %K. H A
NAREE; (Q)EE I, ST E T AR S IR
TP R PRI < 233 km, 3 B2 (X P9 474
H EE G 3G in< 10.9%, P34 5l BF 25 980> 691.58
km, DA, SEEDREE; @)EEEEUR, SEiTEE
P LR 5 ORIR T~ 45 Bl PR < 233 km, P
BT IR S /< 691.58 km, LAVDHRRIHAA . JERZ
IR (4)BE B EE, FEiEERE: Ry S
KIS B PR 25> 233 km, P34 B il P 2 v /b
> 691.58 km, 3T FH HZE i X PN OR 4 Hb LL 5] 38 >
4.25%, LAEVE, nEK. P O AR, (5)8E
B, SENTER AL PR S I T 4 T B
2> 233 km, “PYJEITEE B /P< 691.58 km, 3T
FH Hb 2% o X PN (R 47 L L 71 3 < 4.25%, DA KR
W ER 2 B E K ANRE.
2.3 RIPH S RIA KT EE EAYITEMN

SERRVEH N, VEAEE A S X A T T AR
Hb T A E 1950 4F [ 28,325 km? ™ K $1] 2010 4F (1

895,104 km?, H: L4510 110.86% 7+ %55.63%. [
FELAA Pl EE AT AR X P, AL IR T AR 9 Hh )
AR S XN HtH A 1950 4F 1) 224 3% i 21 2010 4 19 95
A
MAB MG R RR A, AR S A S X IR T
LR 1 7E 195019804 [H] = 2 43 A7 7F L 45 el rh AR
TRASAK, HUARHEARAR . BRHRTHE M DL R SR BT AR
X3ANHEA A F)19804 LAJE, T 4 i) #h A
PRI A ARG RS, [ B 3 L 3t 2 R R o
Ji, A TR0 A o A R K 45 2 P
KA IFURH B4 (Blda). MHLIX SKE, T57EE 5
A A XA PRI 3 T DR 3 b E 1950-1980 4F [H] 3= 22 43
A AEALSEI S BT FAH 74 =2 K i RO 34N X 4k,
F19804ELAJE, WITFUA A M FEMFER, RN 4R FE E
R A ZANMX BT UHH BT 4045 (El4b) .

3 g
A FU 8 I AR H -5 0T 3k T B R T
i 22 3 X P AR 477 1 B A5 X5 1950-20104F 4= BRA% 47 1h
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Fig. 3 The change in distribution of distances from PAs to cities within countries. (a) The change in distribution of mean in nearest
distances from PAs to cities; (b) The change in distribution of PAs percentage in buffer areas of urban areas.

I W BB AR NAE 2 R BT E . 402K KT
. HELCHWIIT, A0 FT E1950-20104F K Y]
Ak, yRAN T EA B FTA TN 1995/2000-20304F 4%
AT E . EIRRE , AT GRY
A B, I8 TR IR T FH b OR3P M S e 7 AE
HIRBERGN, R4 T A B A AR bRl T s —
MG . shah, ASE skt E T E AR AT
T R Hb LA AR AL
31 RiFHMEETHESHTK

1&4 N IEI T IR RE S —E X, BITAEI
AT AR 2 Ron HoA SCRYE], 1 and X (city
area). I iT4TEEEX (urban administrative area). %
B IX (built-up area). A& 7K (impervious surfaces)
Z(Douglas et al., 2010). FXFI T A G —1fi
TEWTAGR, BPEE E SR 1 — M =R e T IEE

BE, IF FHAZAE B0 B AT Ik T FH Ak T 45 B3 AT A
L, AT R 23R X (urban area), 3k
EH T e S, AR X A BT A AN I K
R Bt KRS, b IE A B R ERRIX, &
SRR X VO N B R AN TR E S
(DI, o Rs . sy, HLE. Tk
S AT &I T R ANE KT, EEIEAEE
WK ZEBERINTEIYRME, W0, B, 218,
MTIE. B % . NEBRE, WX >R X>A
FEKI . Bk, ABEKIELA60/km? H4aEk
Fili Hh 4 TR AL £ 0.4500; 8 B X 21 9 70-90 FTkm?, (5
ST AR 10.49-0.65%; 35 X ] 5 = T AR 1 1.86-3%
(Liu et al., 2014). fEACi% FH ITHY DE#E S, Ik
T FH 1 19504E [/114.5 Jkm?Y™ K £ 20134E [1)72.8
Jikm?, 29 B SRR F0.53%, b T4 e S HE 4R
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Fig. 4 Hot spots of PAs closed to cities and located in priority ecoregions. (a) The vegetation hot spots. (b) The regional hot spots.
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g X R . X 5 HY DESE 51 1 10 £
AR, B DN D A R H A I T 28
[ 3 T FH B 09 £ 4 Al oF SR I (Goldewijk et al.,
2010).

FETHE RS b 5 Bl IR T BRI, A SR A
N DA A &I R e br . SR10, & ER
I B B K KPR RS AR E o Bl aneE
e N OHE R T2 ni R A3, (E LR
1,000 A f)/NE BRI AT FR A4 1T (Douglas et al., 2010).
T OCVE I Hr /N T, N TR R i A
5077 & LAF, AW FLMEEL 75077 7577 100
TIAE N RIBTT N RS B2, — 777 T A s B 1) 3 i
BAZRTHZ, A—hHbEeECAMAES.
FEI T X OR3P 4 () B A S2 i vh A 2134 AR I T
FH50 kmyE A, FEHAEL10 kmya [ i, 1R % fi
R MK 22 INnJEl (Guneralp & Seto, 2013). KL 7E 5
0TI M i X P AR B b LB, A SC 4 ) 4 50
kmA110 kmAE %z ob X B B R EAE, JFIAJ R 20
km i & o )k AR 30 kmo 7B $R B 36 1T R4 His i
JEEN100 kA el PR 25 UE, HARIEAE T kil
X R4 L ) 268 RS 23 5 e i A FH T X33 R 3
X, T H R B E ) PR 25249100 km (McDonald et
al., 2009).

o1 ARG Hb 5 Ik T~ 35 il B B Fa b, 38
2 MR T FH 1 JE 32 9% o X P9 DR B B i AR, &R
FoE b 8 S B L R A ORI T B AN W i N (1)
B, X5 OHPIASE RARF . SR BT DU 7
RN RSN T, fMcDonald2: -5 75
F UL BN B T 5T 1995 4F AR I 3th 5 38 T ) B¢
ITEEES, DRTE BARSUE vk S A F g R E B
P, AR AT oA ) LA R 22 . I BRK ST
HPEB H/NBIRAR UG By I JE3EP. JE
W PSRN KN, AT FL 19904 1) #E 55 45 51
AHIE; e X OKP b, LR R s/ N2 PE R,
WRATPE Y, 11 76 ASHIF 78 19904F () 45 B b, BE B B/
AL XA G PERR . 2R P ARG RR . 2% FE 21
THAPE FUE BN VRIS /NI AN [R], T 2R AR R — A
R N V2 FELX, Bl R 2 HE 44 BBl A G O T
N VR B I £ s BbAh, PIIRE AR H T
o [ E DR A 1 K [ rh 2 OR3P 5 30 T 1 25
NS Rk, AR ARG RS FIRETE A
AR A ES . A )5 b RN — 3

EARH I B S KA R, 7594/
JOBE b, AR H AN T P B 0 ST 32 R BN IR
TR H AL . (HATE, ARG E PR H
5 309 T P 48 T JB TR T AR RN 3 T B 1
BN, 1950-20104F 8], 4=BR b fR3 b [ A 340
J3 km23 K #]1,809 75 km?, T HHE 1 1,72 /5 A4
N EN7.78 734>, RN VRS HE I 75 75 (13 7T 44
1054 FTHEE6114S, W7 A H K R &
SR I B EAR SR .

PRI 1 55 38 T FE 25 48 bR n 7E B A A TA) b
Ry 53R I FE RS, DLPsiE R N, H
) — LRI AL T A, — BRI R T SR
T FH M 22 X PN LR B EL AP 5 B U 7E 22 o X Y
AR b 55 3R T ) g PR S, FLAEROK, AR
X PRI HBANBOER 22, EH b AT S Bl R 3 7 22 X
P (TR L), 22 X MR 34 F i 25 P (PR 2) BA
V- B 3 B B A (AL PR 3) = S BIR [4] 14 2 ) 79 A o o
T T b % i X P DR 3 L 451K T 50% 1 5%
(Ui ), FLARY b o A7 2% B B SRR [ b S I A5
K= B R, AT B T 5006 1) [ K (i
FE]), ARG Hh 75 A7 2 P Tl PR 1) oh S B e —
AR .

32 ETRIPHSEHHEBEMERS A

5K o R R, 28R b 5 30T HE 2 1R
I, FEIT S I SR B TR AR BN BB RIA, i
BRI S, T HIRm KPR s, HA S LR R
AR, AT T AR b 5 T B S A A SR A
AYERFIUIR . T o LB RE S AR b 5 3k T B
i, HEEEEEE R NER, BT Eie
TEPGETTFE, R AE A SR IL AR b 55 385 77 BE 2K 3t
— YRR, TR, BRI KPR &
B ER TR IR, AR SRR Hb g 1 A T = A )
R R AT v, DR R A 1) PR S T B 4
N BESRERTETG . MR W, s RS E K Ry
ST R RO, (R R SR PR g 5 1) A% (19 AR
B, JCHR B B T E R 2 R R

2 KR BEAG o FEI R 22 H0 I S AR Hh 55 30 7 E 5 0z,

RIS B, AR SR DR LI T A g A2 o g i — 2P

ESTi

3.3 RiFH ST ESATEMN
AHLE19504F, A BRVEAE 5 A AR S X T 3 1T
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TRy I AFEGOLE [ MG 1 30f% . Rl A HE 1 E
RASXA W 22/ g =954, JF B ke
PR IFHIR 2 FEAL . X RIS AW 2 P
R v A PR A Hb T A T I e SR T 2 M
it

AT AR OR A L W WA N I Bl i A
IOk, o g BN . AR . AU X
B, XL T A E S AL R A EAE, L

AT REMEAG, o A] REEE S AR Y Hb(Jenkins & Joppa,

2009; Joppa & Pfaff, 2009). #AT MK R ER, PIfl
FEEMN O FEAAAE LR KRR, £ A
U SR X, LA 2 R Sl BE 4 & (Balmford
et al., 2001; Araujo, 2003; Evans et al., 2007), [l
XL IR A2 W) 2 RV DR3P T 345 58 9 )™ 02 (WU et
al., 2011). [tk B AR PR APt R 1T (R BE B8 T 1 S =
A I TR L 8 R 0 AU AR SR, AB AN A
IEORAP HO BN R R o AR ORGP ISR
AN, I T DR A AT AT AT AE R EANME, il
E1Z JE P I Gunung Gede [ 58 2 [ i & 57 B Al 2
N T PRBEFE A T B9 K AE R (IUCN, 2008).

PR 1 55 30 7 PR B ) S T A SR R B — 4
BT SEE R = A AR, AN It Ry R — SE R 5
Wi o AT g JE S IR T B AR AR I R UK (Carr &
Mendelsohn, 2003; Grow et al., 2008). Ji€ /K (Bryant et
al., 2008). [yt (Forman, 2008)2: ) Rg . £ I3k i {4
PR, EHET, RPEER T B E — R
RIFNLy o BA 5 S 3k 1 i R O M & 2R, DA
IS AT REG M St e, DA BRI o DAIAR T g
PTG GANGTS G 9, o EAE 55 N HEAT e U B
FOAN [F5 G AKX R b P S R g i A2 B2, DA
M Ja SEf i 225 ARt (Newport et al., 2014).
T o P O RS T Ul N s R A T LR,
B AT BE AR ey B A P A G S M B A% 46 (Forman et
al., 2002; Duriscoe et al., 2014), [t a] #5474
[X PN 18 % B K AE R B AR T Br (Parris & Schneider,
2009). F b, AT BER U U, B2 R 7
%, HaikA S 2 B RLES BRI, B8 OR3P L i
F VAN FE 25 42 W 45 (McDonald et al., 2013).

4 ZEig

(DFEAER. PHFrR. HIXAEZRREZ B, (R
YR B S HRAE AN AR /N o AN PH G DR 3

53 i P A/ N O AN X, AR S B 75 75
P N 3T (T2 BE B A 115 km, T 3 T
Hh50 kmZZ X Py A4 1l Eb 451 B 2 7R 83% o 11 KV
TR I ST R 78 22 T 2 A 1l 5 30 T B 5
KIGMAHLIX . (ERY HOKE o, ER R Hh 5
I T T SRR R B e N E 2R, 5505 A AT
T 38 il BE B 7E 201044 4143.5 km.

()RR HEIR T 5 AR 1 E 5 O BOIR AN AR fk, AT
B E AT (QFEERT, FITEERE, PRk
Ex; (fE &, SindEEd, whE. £E; (o)
PR B RO, SEUDEAER, WibRRRRE . JERZ K,
(d)BE B iz, SEim g Acng, e, nsEk.
BRI, (e)Ph B, SRR, AR
MR ZHER .

(Q)ABRIEH P, BRI Y 2 AR = AR
7 LA T I 0 3 717 5 Ml P Ak 5%« 195020104 [, V&%
E TR 526 25 X P9 (R 30 T A3 ML T AR H1 28,325 km?
¥ K $1895,104 km?, H: b 4] th M 0.86% I T &
5.63%.
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Appendix 1 The change of distances from protected areas to cities at Brazil, China, Russia, America and Australia between 1950 and
2010. (a) The change of mean in nearest distances from protected areas to cities (city population size: 750 thousand); (b) The change
of protected areas percentage within buffer areas of urban areas (distance of buffer areas: 30 km).
http://www.biodiversity-science.net/fileup/PDF/w2015-099-1.pdf
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Appendix 2 The classification of countries regarding the distances from protected areas to cities. (a) The classification regarding the
current distances from protected areas to cities; (b) The classification regarding the change of distances from protected areas to cities.
http://www.biodiversity-science.net/fileup/PDF/w2015-099-2.pdf
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Appendix 1 The change of distances from protected areas to cities at Brazil, China, Russia, America and Australia between 1950
and 2010. (a) The change of mean in nearest distances from protected areas to cities (city population size: 750 thousand); (b) The
change of protected areas percentage within buffer areas of urban areas (distance of buffer areas: 30 km).
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Appendix 2 The classification of countries regarding the distances from protected areas to cities. (a) The classification regarding
the current distances from protected areas to cities; (b) The classification regarding the change of distances from protected areas to
cities.
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Appendix 3  The classification of countries regarding the distances and its change from protected areas to cities
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