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Abstract; Urban tree canopy (UTC) is not only a landmark index to measure the ecological condition of a city, but also a

key index to measure the achievement of forest city construction.The possible urban tree canopy ( PUTC) is closely related
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to the formulation of scientific urban forest construction objectives. On the basis of foreign literatures and practical case
studies, this paper analyzed the regional distribution and dynamic changes of PUTC within 1 km outside the 6th Ring Road
in Beijing by using surface canopy interpretation data of 0.5 m resolution aerial and satellite images in 2002 and 2013.In
addition, the priority of PUTC in village ( community ) was analyzed and evaluated by using population density, road
density, and existence urban tree canopy coverage.The results showed that,during the 11 years, the PUTC in the study area
decreased from 40882.18hm” to 18845.82hm”’. Iis spatial distribution showed that the more urban centers along the loop, the
less the distribution. Moreover, as time goes on, the richness of PUTC types was also getting lower and lower. By 2013, the
grassland types have occupied the absolute advantage.The number of PUTC patches decreased from 109892 to 7793, but the
average patch area increased from 0.37 hm” in 2002 to 2.36 hm’ in 2013. The patch size pattern also changed from the
absolute dominance of small patches in 2002 to a more equal situation of various types.The PUTC assessment showed that
the whole study area was dominated by low and medium potential areas in 2002, accounting for 32.39% and 28.83%,
respectively. In 2013, the potential pattern changed to the region with the largest area of severe low potential and low
potential areas, accounting for 25.83% and 50.94% , respectively. This obviously indicated that the severe high priority and
high priority areas should be the key areas for Beijing to develop urban forests in the future. The current results of potential
priority assessment showed that the proportion of the severe high priority area and high priority areas reached 13.11% and
41.79% , respectively. The severe high priority areas were mainly distributed in the eastern and western urban core areas.
Therefore, the future development strategy of forest canopy in Beijing urban area should take the road of joint development

of the possible urban tree canopy patches and potential patches on impervious surface.

Key Words: Beijing;possible urban tree canopy; dynamic characteristics; priority degree; high resolution imagery
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Fig.1 The distribution of study region and its soil type
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Table 1 Standard of patch scale level of urban forest landscape
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Fig.2 The possible urban tree canopy distribution in the 2002 and 2013
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F2 WREX 2002—2013 EEENBE=ERNBEITL
Table 2 The changes of possible urban tree canopy between 2002 and 2013 in Beijing

2002 2013 TR (+) I ()
T Ttems [LE He Al TR Ll Increase(+) or
Area/hm? Ratio/% Area/hm? Ratio/% decrease( —)in area
JE B HL Wild grass ground 2660.62 6.51 14166.20 75.17 11505.58
AR 1 # Bare land in building ground 3240.86 7.93 1255.20 6.66 -1985.66
SEAL AR £ 3 Bare land in green area 14322.70 35.03 1141.74 6.06 -13180.96
PR B #f 1 b Vacant bare land 1850.95 4.53 1741.38 9.24 -109.57
K354 - # Bare land near waterbody 11250.90 27.52 434.88 2.31 -10816.02
JLBEl # - 1 Bare land in orchard 7556.15 18.48 106.41 0.56 -7449.74
At Total 40882.18 100.00 18845.82 100.00 -22036.36
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AR DTS ENE . AN ER ] AP CE MR R T B e ST 2 R L3R 3
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Table 3 The changes of possible urban tree canopy among different ring road from 2002 to 2013 in Beijing

2002 2013
o N o7 B X N , o7 BB X
EUNEAE e PEH AR SR BEH AR
T Ttems BEs S hiit LG PR kit L1
Patch Patch o Patch Patch o
) Ratio in different A ) Ratio in different
number/ /> area/hm . . number/ area/hm . .
ring region/ % ring region/%
ZIRLIA Inside ring2 1512 191.72 3.05 16 19.91 0.32
¥ —=3F Ring2 to ring3 2750 237.71 2.48 176 235.82 2.46
=¥ —PUIH Ring3 to ringd 18492 994.65 6.92 420 340.47 2.37
PU¥R—HIF Ring4 to ring5 30525 4868.40 13.34 1291 1771.25 4.85
—7S A 1k
IR T 56613 34589.69 19.23 6090 16478.35 9.16
Ring5 to outside ring6 1km
ST Total 109892 40882.18 16.58 7993 18845.82 7.64

MFE 3 AT LAE L, A RPECR T, 5 2002 AEAH L, 2013 4F 52 80 A e i 5 28 fbad . 0k, &% 3R
0] 52 5 R A (] %) A2 Ak ka3 BIVE o BsF 1] (9 SEE AT, JE I8 SR AR e 2 5 BEER (0 250 it A 2 T AR, 0 5 R o
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FIR—7SERSM Them X3 7 AR K, 2002 AR, 12 DX 3B AEAMRACR 76 78 55 18 FGA 34589.69hm” , o 3] T [X 45§
SRR 19.23% , 8 T 2013 4 I XS MOR I e 28 55 -5 2002 4FAH b B RIS /D T 18111.34hm* , {HAKSR i 5]
T HIF—7SFRS Thkm KBS TR 9.16% , W45 PRI Y o5 LUAS LR AR A T B S RS U BT AR L PE X,
Bt BT IR T A b AT | 2 D I T ] v 2 S S S I T AZ O X SR G BT T R M T R LAY
DB 58 A A FZA% O XTSI I G 48 7 A RS A AR L], SR 3 0l vT LU i XU B A1
58 XM AE W T T s A R B = (O HBIX 2002 4ERT A 191.72hm? ) T 2013 4EN] LA AE T 19.91hm?, 11 4 (8] 5
BT 90% , 3% — 7 T U B X S8 A A R A BBRAR K, 53— T T A, 2 DX oA oA A 25 1 T I 1) A 25
FIGHEARAK, MWAEFRAE R, 3 — = FR XS A X H A R 5, 2002 4F i H AT 1 76 A OK ) el 78 5 1o AR
237.71hm?* 1 3] T 2013 4FHAKSRIA P A 235.82hm” {4 78 76 AR ACH 5 78 25 1o AL, 11 45 [B) 446 5% 1 AL 2> T
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3.3%, J@ T e A2 AL B 3l T A BRI rh AR A ik A By ) BRE SR SR | LR R RS ok B TR I, 10 AR R A
23.31% WA THEG AL 9 tE AR MOR R T B2 S BEBR | DRI, A TIA DA 12 X Rk A A R el 4 i T B 5 5 A A
SE [ P B 2 AR I R

£ 4 PREZH—Z=IKF 2002—2013 FiFKTH BT RER
Table 4 The transition probability matrix in the ring2—3 region from 2002 to 2013

] ” . _ L Bk 2002 4EA1 T
T e rr I T B e T sk i 5
B} B} Impervious Total in
Ttems EUTC Lawn PUTC Water body Farmland )
surface 2002/hm
PR 35 EUTC 54.42 0.09 0.78 44.39 0.31 0.01 2154.94
B Lawn 56.25 2.23 0.89 40.58 0.05 0.00 159.33
AL E % 35 PUTC 33.06 0.61 3.30 62.80 0.23 0.00 237.71
K
ik k b 13.84 0.09 2.82 83.09 0.14 0.02 6804.31
Impervious surface
7K 8% Water body 7.94 0.03 0.22 5.79 86.02 0.00 163.24
4¢H Farmland 23.18 0.75 23.31 43.31 0.00 9.45 76.08
2013 4E4 11
2313.49 13.55 235.80 6866.63 157.17 8.97 9595.61

Total in 2013/hm?

EUTC . Existing urban tree canopy; PUTC: Possible urban tree canopy
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Fig.3 The mean patch size of possible UTC in all study region

and different ring road
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BORIRE] T 92570 4, (53] T Y 4E S B R 1Y 84.48% , HA A L B BB 5 LI TE 7% L TR A T
2013 4F, JU| S B H /INBREBR | R BRE R AR e R AR Bkt e e ) o PG % AR L, G A B B BB 1 B B I AE 20%—
25% 2 8], 1 HP BREBR A SKE R (4 A5 HE A ) 33 A 14.019% 811 12.21%

B4 HARREBENRANEEZHRS RS HE
Fig.4 The distribution map of possible UTC patch class in the study region

MR G BEH G AR (R 5) , FAR 2013 AR BE A S AL E 2002 4F9870 T 22036.39hm” , {H L AE AN [H]
AP (R AR TR) BB S5 2 2 [R] 9 43 A LA S BT LT 58 42— S0 A, RIHT 2 DA I B e i A oy 446 %o 32, o AR
b7 FEIITE 70% 2247, HARON R R I BRE R | HL i A FE A 2002 45 A1 2013 4543318 19.63% Fil 24.06% , K BEHRL 1)
TR LU ERTE 6% 2247, T H BER R /INBERR (1) TE AL L B 7E 2% LT

£S5 ARBREZHBESERSGIT

Table 5 The statistics of the patch number and area in different patch classes from 2002 to 2013

2002 2013
Ko HoB/ % T FL/hm? HeB/ % Ko et/ % T F/hm? HB/ %
Number Ratio Area Ratio Number Ratio Area Ratio
/NBEHE Small 92570 84.48 426.20 1.04 1692 21.34 21.76 0.12
HBEHE Medium 6894 6.29 686.91 1.68 1111 14.01 131.14 0.70
KBEBE Large 4990 4.55 2400.43 5.87 2214 27.92 1130.65 6.00
KB Extra_large 3438 3.14 8026.35 19.63 1944 24.52 4533.75 24.06
5 B8 Huge 1686 1.54 29342.26 71.77 968 12.21 13028.47 69.13
&t Total 109578 100.00 40882.16 100.00 7929 100.00 18845.77 100.00

2.5 BAEROERL T

M 1767 DV B ICHIBEAEAR A AL 575 6 70 BT I W5 X PR e MR e 8 s AR 25 2R vl A
RAEH(ES5) , TG 2002 4RI 2013 4F MR AR 76 20 A DX 248 R0 0 AT T FLBR LA A XS o8 L —7 L X
2002 AR5 2013 AFAR HE 38X A 73 A3 Y B B 7, 32 28R BR T DU L P DXl T 1 Ly — i DU B S A R, IR
A 35k A6 [X S8 A A 388 Ao PR A AR AR A T DX S 1 Sl s b ) ] A AR 5 T A kT R v 9 7 DX SRR A 1
PO TR LAS XS, LR PSR BE PR A 20 A A Jm DU T A 22 55, 2002 AF B 90 7 6 20 2 0L 25 18] #)  Af RIS A
FEAK, BB A B T 2013 4F AT 7 DI U B S 5 K, AR 28 ) EAG 1 35 S (9 DX, i Ay X
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S B ALY 23 [ A 2L 5 v g DL b 288 DCIUPE ] [a) e 310 oy, 25 [R) A2 AL b B I B 35 4 R SR 28 3 7
2002 AFf 32 HE 733 X DU ER LS DX, 211 2013 4700 B IR 2 FOER RLAR X, 6 A 25 8] 28 AL 25 34t
B, AR ERAE Thm 8 RPN DX, AR SRS BRAR Y B 0 7E B 22 4, JU A L3R LAY 3T MR X O, i
— W R L

E5 #RREBERAMEESITN
Fig.5 The map of the possible urban tree canopy assessment in 2002 and 2013

MR A 5 J e 85t P A ST T 45 R s (3R 6) L B T ARV g RV g DX 3 i T AR L 681 St 3 A
oA A DI AR BT 4/ N AR AR A, E 2013 48 R AT 3 ARG g Xk iy T AR 513K 3 T 63701.44hm?
1 125605.54hm? , (5 3] 7 BF58 X 4 B FR Y 25.83% 1 50.94% , 5 2002 4EAH HE , AR FL 143 B0 T 14.67%
H118.55% 5 1117 i 7 5 vh s v 7 IX U TR AR AE 2013 AR 4351 K 36035.26hm> Fl 13268.42hm” , T FH L 43 5]
H 14.61%F1 5.38% , bt 2002 4F43 IFEAIR T 14.22 AN E 43 55081 10.46 SA 43088 w1 0 50 1 0 IXBAE P
AEREIIT 5 IR B ESAS G, 2013 AR IHETE FR A3 51K 6206.63hm>Fl 1767.72hm? , 5 2002 4EAH L, T8 FH L A5 43 il 5
KT 2.46%F1 6.07% .

* 6 MRREEEMANEEZENERSEIT
Table 6 The statistics of the PUTC assessment in 2002 and 2013

S - 2002 2013 B4 increase(+) ¥ decrease( —)
Assessment class Standard T/ hm? ELfl/ % T/ hm? Ll % T A/hm? LBl %
Area Ratio Area Ratio Area Ratio
WARTE 1 Severe low <1% 27538.80 11.17 63701.44 25.83 36162.64 14.67
R J7 Low 1%—10% 79863.79 32.39 125605.54 50.94 45741.76 18.55
Ty J) Medium 10%—20% 71092.49 28.83 36035.26 14.61 -35057.23 -14.22
TES ) Medium-high ~ 20%—30% 39068.08 15.84 13268.42 5.38 -25799.66 -10.46
E51J High 30%—40% 12283.26 4.98 6206.63 2.52 -6076.63 -2.46
W5 7 Very high >40% 16738.59 6.79 1767.72 0.72 -14970.87 -6.07
&1 Total 246585.01 100.00 246585.01 100.00 0.00 0.00

2.6 ARAHR TR o K A3 [E] B S BE VT
TREM T SR i 25 RIS BE PPN 45 2R UL I 6, ArPnl LAWY 75 M PR Tl 28 =i 4 i 25 1) B9 0 S B L i
JCHCEREE S L T W] B G o A KL | RV 36 SRS N N TS B S I B, PRI el 4 i A o ) 0 S0 FE 7 oK 22
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BT B AR AR A R A O ER DL N X SR AR,
S T Z RS R R SR oA R E I X

MEL 6 BIATE 3 KGR (£ 7) AW XL
AL B X3 T o bl 48] e /), 43 T AR 1696012,
hm? | H (5 85T X TR 6.88% , Hok Ak i fE /e
X, % X i 1 R 32331.68hm?”, 5 #) T 4 HF 5T X
B 13.11% , o6 e B A p o B2 DX BT o 1o AR L 451
AHZEAR K, 790K 38.22% F11 41.79% . Fof TARAR 6 B IX
BT, T AR I VG V8 Ll — A B
MO T2 R AR 5, 3 240k 1 L b R 5 e 4R T
TRR SR, H RTHE— 258 il W AR T R
B, AW o A 510 38 DX 3 A AR T o7 L AN 28 (L iy
O T A v 437 A A R A 3 T R DX R P,
SEHILT T T &f 0 IX B AR | PU 3 X Y5 Rl X B
QUSSR IE S N NI K. -5 N R O S T = B A E N
R AN (B e DX AN A 30 T AR TR 1) 4
R R,

ANTRIIE S B DX 3 vk A6 MROR AR et 5 5 B ke 1 AR
KN LA S e T A R DX oA St 3 T AR R T R RAETEE 7 0 DS TR 516 B XSl BT 5 (R R FE AR AR et 7 5 et ke

Be6 BEMAMBELZRZEMREESR

Fig.6 The priority index classification in study region

SeE 7 55 AR/, A 298.15hm? {2 4 3 2013 AR5 X I A MA 768 0 ALY 1.58% , 1M b v pIE S JE DX 45
FA VTR MR AR 76 T B R SR AR 2 B DX BT 8 , (HL A T Bt A 662.09hm” , b W 7 AR 5 s T L A
3.51% , WEAEMRAR e 7 i 1 B LA v A v £ 21 B DRI v 10 206 B DX, 4 0 o 2013 41 TS ZE MO e
THIFRY 40.03% T 54.88% , JUHIE R LG BE X, B T 32248 v 78 DUSA—FL PR 2 [R] Xk, 177 3% X 88 32 H T
AU IR T fb 25 T bRk 1 i DX, LA s P s A RO AR e 28 5 T RO 92 DX A She 9 3 vl A A e e LA A L o
TSR L,

KT BENAMEBESNEESRXEREMSEE UTC BIRER LT

Table 7 The statistics of priority class region and the possible urban tree canopy area and ratio in it in 2013

3 X BT AN area in sub-region 2013 4FIRTEMAR A 75 PUTC in 2013
43 X 18 AL/ hm? X% S IX AL hm? X /%
Area Ratio Area Ratio
A5G X Low priority area 16960.12 6.88 298.15 1.58
FARSEIX Medium priority area 94244.52 38.22 7543.92 40.03
=S IX High priority area 103048.70 41.79 10341.66 54.88
W= G X Severe high priority area 32331.68 13.11 662.09 3.51
&1t Total 246585.01 100.00 18845.82 100.00

3 Wit

3.1 A5 BSOS SR R, 2 T ARt AR 55 DI RE A AR A

SR AR e 55 X GOE N R T SRR A 3t 05 X S T AR AR ) T SR R, AL BT A B S LR
N SG3TH ARpA Joy 3 Z TR H B T B A8 1) 2 e s S i B R, A N 8 B s 14 b 7 Sl Tl AR bR 19 ke = R JRE
B, A7 Al AR M, AU 3ak DX 1 %86 38 i i ) 3t D7 2 B 8 o 7 DU B LA 80 3t i X DX
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FEN 125 B e ey L3R 3 T 40623 A/km?® A Ry 3nk iy AR AR 32 040 Bl 55 % G2 1 N 140 A A JR , 2 W00 2Rk i £
R A5 Wh NG R SCAE N 11 255 (RIS S, AR D ) 2, SRR e 7 25 15 DL A 2 B0 T 5 N 43 A 4 Jmy 58 4 A
SR 2 (B Jey , AL 7 ] LB M DUBR DL IX SR AR B4R T 15%—30% 11 o 5578 35 /K-, [R] s ) 0
T REHUSIR A BIARA T 78 55 X ek, 78 DU SR —FL 3R 22 [ A B T 309%—45% 1 25 BR SR AR e 78 25 R
FEASDUFR LA DX, B 1 R AR Tl BT DA R AR AU A DX A1, 4 DX 0 e MR AC AR e 78 3 DX 3oy A, AR i s
A AL BTk T SRR (2016 4E—2035 4F) ) HbR, 65T 2 2050 45224 12 A Pr— I i A B Z #0 , iX
— T B ISR R I DL AEAE R R A T S — HAR A S R, B AR s T BURT AE 3 — Rt R
BT AP B4 5E B E T BRI AR — 1R 2018 4 LIS IEAE STt Y — 3 TR, B — %% 1 46
HREL (E AU T TR St 5 32 B T IR LAS AT D DX 3, o oA IX el A 45 B85 I et A 4 P 2 I
1M 5 WA (R AR SR TCTA 22 M 5 H RiAS SR AT B Bk . PRI, 6 bk i A 25 AR 45 1) S8BT % ik e 20 200 3-8
YA T, AT DA e 114 3 ol 7 S0 A e R — ]

7 HREAODZESULHEEERZEIH
Fig.7 The spatial distribution of the population density in 2010 and existing urban tree canopy ratio in 2013

3.2 ANEIK M F VAR e 2 T 0V ) I R A T R X A S B IR e 7 5 A e R LR AR

L6 FEL 7 (G LR E, R TR AP DI, A A b i 3 T i s DX ) e A 0 DX 5, S — T T 1A I 4
IR SR A S 5 i B 2 B = A O [T TR i o v PR AR IR e 7 o I A R R I B . T IS TEMOR Y
JEE 7 5 AR CHR o X AR AL T < 19% MIRRARKT 3O DR T A% GE RO ) el 2 o TR0 AR 5K SR gt Tk 22 B
AR B SEAS ey ELA AR R SR BR A, R i X AR SR i A S I e e b A0 o 40 %, Horp H T T AT i 2
=R R RIS SE AL, KT I R R AN K M3 v A e 2 55 v . AT A 2018
AETFLR SR « B (IR 2 TR, S IR AR X SR AL B A TR A 28 11, 1 2018 AE R SE K T 1600.27hm [y 4%
AT S5 o R A2 B B FH b ) MO e 7 5 1 b A B R Vs 7, = T 8 oL A 5 T LA T

i B AR R R R AR — BT, &0 ATE— R LB /R AR T & A MR 5 AR T IR 45 T Rk
FE A, TR 8 1Y 2002—2013 AR 5T X+ b A 36 S A MR R AR PR v] LA N 7R 209 11 AR [], DAAR 4 1
FITTE A 32 A T LEMRORARS S 7 5 BRI 2 o) ISP A el 7 55 e Ak i e %2 00 o, BT H AT 22230.79hm” Y AE
RAAR 56 75 5 BEHREE A T ISR T 7 5 BE B S A | SP-34 A3 47 1 55 AL T LA 2 T 2020.98hm” ; Hh A
B NIZ R BHR T LIE 11 4ER], B 20989.46hm” 1A K L R 64k 1 R S MR 7ot 7 5 3l
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J8 AR R B A T AR 1908, Thm®, 3 H b D 570 45 R 35 7K b 3 28 700 0 55 B IR B e A, 1L AR ) B Ak T
19823.22hm’ , AE AL BUA R T 1802. 11hm?* 5 55 =A™ [n] 30 SR ACR 76 7 55 76 1 19 e K b 3 55 28 R0 R 4k
M, NFE 8 Haf LI H, 11 4R HEA 20354.60hm” A4 H & A T 64k, 3 e i AR IR 21 T 1850.42hm? , {HF
BT SR, A% B A Ak S B R AR 72 b 25 R R J5 8 A (A AR A 0 PR ) R R 7o 2 46 (%) 445 S 5 T e B S5 A 2
RIECH 11 AR [RAT 407.84hm? (4 THI B Ak R T B SCHROR B 5t 75 55 25 80 AR I AL TR AR AR AR K, HA337.08
hm? | H P ARAR 56 7 55 £ (1 1) AE AR S5t v T B b Bt DR M e B A R LA FEZE A RS 3

#®8 WRX 2002—2013 £ 3B EH BB EER/ hm’
Table 8 land cover transition probability matrix in study area from 2002 to 2013

HEEAE  HBAE

BLSLARA T b

ol T H H 7]
W ¥ Wild grass Bare soil K &%:z K m%:z ) ik A<

Lawn Impervious Impervious Waterbody Farmland

EUTC ground land X .
surface-road surface-others

BIMAMEE I EUTC 29730.07 395.22 1640.32 491.25 743.43 15601.70 372.97 1143.49
FEE Lawn 407.84 685.94 4.64 0.78 16.05 279.29 15.71 1.42
FEH ML Wild grass ground 1003.48 76.41 308.98 59.92 64.09 1174.72 31.31 101.37
1 Hb Bare soil land 21227.31 1305.57 2900.17 1153.92 755.81 9226.50 1501.16 2439.81
- e
L%ITJ}EA(iL%% 1166.25 1.28 27.06 24.68 2936.07 914.52 3.61 5.86
Impervious surface-road
H IJ N1 i
,JL‘T]EAUEE% 19823.22 499.12 4804.37 1099.98 2219.04 51862.79 298.20 719.17
Impervious surface-others
/KA Waterbody 1142.11 100.95 417.99 202.83 62.68 1077.26 3602.25 77.15
A% [ Farmland 20354.60 1075.23 4912.09 1926.78 1187.23 15406.97 402.60 13370.42

M 2013 4% JL2E F B AR 1Y - BT 55 25 (1) 5,
fRFE (F 8) , I LANA G E LB T B 7E T A
KR, — T T HER G m 3T i A% O XU 7, 3
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PR 2 S, ELTE 30 DA P HE T AR /)N | AL ot o ok i) 7
g A K,
3.3 A NAESRY IR B B S  BE ER  F

IR T ARAAR 6 1) T 2 R

T B R B AN TS T R ) B =, PRI T AR
R AR, b2 ()RR A G, B L QI Bk
B —-F LRGSR FH & , 1 10 5% e o5 3T ) AR Sk D
WA e 7 S S I T B B 2R (BRI, 7E. ms i measiE i LE B s Lan = a7
E A kTR A R EE A, SRIMAEE N,  Fig8 The spatial distribution map of some land cover types with
3T A FH b A RO 58 T3 S b R GE AR, /A 3k the most conversion potential
TR o — 1 A S S A i AR, — B A 1S 2 =
SEREME AL, HORIL Sk SR X H BIAFAE A 2], 4 R 25 S LR R A O, Jb & — A~ H A G« []
O E” RIS A ST, DA 1993 4R AL 5t Tk i AL AR (1993—2010 4F) ) FF46 , LI A3k Tl 457 2 B R 55
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