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Spatio-temporal dynamics of land use/land cover and its driving forces in Nanjing

from 1995 to 2008
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Abstract: It is of great significance both theoretically and practically to describe and understand the dynamics of urban
spatial structure for developing optimal urban planning and achieving the healthy urban ecosystem functions. We, hereby,
used the land use maps of Nanjing in 1995, 2000 and 2008 to analyze the dynamics of land use patches, stability and the
driving forces. The methodology includes the ArcGis tools and social-economic statistics. Finally the recommendations for
urban forestry planning of Nanjing were provided thereafter.

Overall, the cropland, construction land and forest land of Nanjing were three major landscape patch types and over
50% of the cropland has been the matrix throughout the year of 1995 to 2008. Landscape changes included the area decrease
in cropland, forest land, grass land, and the increase in construction land and waters. In addition, the landscape change
was getting more rapidly over the time. The area of cropland, forest land and grass land had decreased by 12,017 ha in total
from 1995 to 2000, and 41,029 ha from 2000 to 2008. In the meantime, the area of construction land had increased by 11,
981 ha from 1995 to 2000, and 41,027 ha from 2000 to 2008. From the perspective of the stability of the area of landscape
patch types, the spatial stability of each land use type was very high. All land use types had a stability rate over 90%,
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except for the unutilized land with a stability rate of 50.66% , from 2000 to 2008. Using the GIS spatial locating techniques,
all the unstable patches and its changing direction were all showed on the map. Based on this information, we found that,
the unstable patches were mainly scattered in Qixia District, Pukou District and Jiangning District from 1995 to 2000 ; and
from 2000 to 2008, those patches were more aggregated and connected especially in Jiangning and Qixia districts, and the
unstable patches were also aggregated in Liuhe District and Gaochun County. Depond on the GIS satistacs founction, we
found that the unstable patches were transformed into the construction land by an area rate of 87.09% and 68.46% , and to
the water bodies by 10.61% and 23.86%, respectively, for the two periods. In contrast, the transformation rate in to
cropland, forest land and grass land were all below 5%.

Our analysis indicated that the climate warming and drying has posted the effects on the landscape changes and thus
the quality of the whole urban ecosystem of the city, especial on the forest, grassland cropland and water body ecosystem.
Moreover, it was the human factors that posted the most significant effects on the area and the stability of patches including
population increase, economic development, urban planning strategies. From 2000 to 2008, the population increased from
544.89x104 to 624.46x104, and the GDP from 1021.3x10° to 3814.62x10°, all of this changes exerted prodigious effects
on urban development of Nanjing city. At the same time, there are three major ecological construction engineering were

implemented which led the the area of forest increased from 7.71x10*hm*(2000) t015.33%10*hm*(2008).
Key Words; LUCC; temporal and spatial dynamics; driving forces; Nanjing
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2008 4E HASALA T, FEAAR B LABE b bR | M AR A A+
AL, DL % g i P b AR K 3 ) R 32 38 in Sy B RVRRAE | 3X 545

Yo IR A LSS R A AE NN B Rt A LA OC B S A I8 — Bl EamAsEiE
ﬁ[l“ﬂ o {E%%Hd‘“ﬂ E/‘Jﬁﬁiz , ﬁﬁﬁ{hﬁ@{ﬁﬁfﬁj E/‘Jﬂ@‘o U\ Fig.1 The map of eco-regionalization of Nanjing
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2T EFE > T 53500.3 hm? AR/ 6687.5 hm? ARV H FR-4711X South lake protection region; IV PGHB L LR X West mountain
BIKEN T 1.019% , 2 A2 ri— I BE 2.7 48 ; bR A 5 sl /1> protection region
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b R K S5 A B A3 AR R — S DX el B G A A A e e, 6 TR O A S e R B O E EE, E I
F P AU 1995—2000 4[] A= 254 7V L i BG4 T 12017.2 hm®,2000—2008 4E[H] 5 /0> 41029.13 hm®, 75 A 254 7
-t AR R k2 %) [T s i T Tl ) 452 ) b AR K 3 T B 0 A A R B . AR R MoK 1995—2000 4F [ 45 2573 Jin
¥ 2396.3 hm?, i %] T 2000—2008 4F[i] , AE LY BE AR AGA R T 5128.4 hm? |, 25 A8 £ A — I BE3G A0 i AR AY 2 4% 5 oK dsl 28 4k 3k
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Table 1 The changes of patch area and its proportion in 1995, 2000 and 2008

__ aiy - 7R

s e el
Patch types WR/hm? W% wE/m? W% ERV/I? W% mEVEm? W% EE/hm? et/ %

Area Ratio Area Ratio Area Ratio Area Ratio Area Ratio
Hib Farmland 426220.6 64.91 413850.6 63.02 360350.3 54.87 -2474 -0.376  -6687.5 -1.019
M3 Forestry 70709.9 10.77 70050.4 10.67 68927.4 10.50 -131.9 -0.020 -140.4 -0.021
ZEH Grassland 6118.8 0.93 5959.2 0.91 5664.2 0.86 -31.94 -0.004 -36.9 -0.005
K3k Water 59855.1 9.11 61063.1 9.30 75136.1 11.44 241.6 0.036 1759.1 0.268
H A Built-up area 93391.4 14.22 105372.7 16.05 146399.8 22.29 2396.26 0.364 5128.4 0.781
FRAFHL Unused land 381.5 0.06 381.6 0.06 197.8 0.03 0.02 0.000 -23.0 -0.004
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BEAWMHEENE S,
2.2 AU b SO B T5 T AR S

H T b s SR ARA Y Z2 77 10 P, A — b st R BB k2 ) T AR AT BE ] s S8 i A T LR L SR P BE DR R | A
BT HAR AR TT 18], X T B S AR A A 5 BRI AR R 19 DX AT FE B0 S, A LR e op R A R 2
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Table 2 The transition probability matrix of Nanjing in 1995—2000

FOWR b At i b, K5k B ARF HI L
Patch types Farmland Forestry Grassland Water Built-up area Unused land
B Farmland/ %/ (%/a) 96.99/19.4 0.02/0.004 0/0 0.33/0.066 2.67/0.534 0/0
HHh Forestry/ %/ (%/a) 0.10/0.02 98.93/19.79 0/0 0.01/0.002 0.96/0.192 0/0
iU Grassland/ %/ ( %/ a) 0.03/0.006 0/0 97.26/19.45 1.83/0.37 0.88/0.176 0/0
K3k Water/ %/ ( %/ a) 0.26/0.052 0/0 0.01/0.002 99.46/19.89 0.27/0.054 0
A% Built-up area/%/ (%/a) 0.28/0.056 0.02/0.004 0/0 0.01/0.002 99.69/19.94 0/0
KA FHL Unused land/%/ ( %/ a) 0.09/0.018 0.43/0.086 0/0 0/0 0.09/0.018 99.38/19.88

F3 EIET 2000—2008 13 FIPBEH A H AR 2 5B E
Table 3 The transition probability matrix of Nanjing in 2000—2008

SR b it Hih 7Kk B ARH
Patch types Farmland Forestry Grassland Water Built-up area Unused land
Bkt Farmland/ (%/a) 85.82/10.73 0.37/0.05 0.03/0.004 3.64/0.455 10.14/1.268 0/0
M Forestry(%/a) 0.95/0.12 95.45/11.93 0/0 0.11/0.014 3.48/0.435 0.01/0.001
B Grassland/ ( %/ a) 0.32/0.04 0.34/0.04 92.3/11.54 1.63/0.204 5.39/0.674 0/0
K3 Water/ (%/a) 1.04/0.13 0.07/0.01 0.05/0.006 97.09/12.14 1.75/0.219 0/0
A% H L Built-up area/( %/a) 3.35/0.42 0.40/0.05 0.01/0.001 0.60/0.075 95.64/11.96 0/0
AFIHHL Unused land/ ( %/a) 0.97/0.12 15.51/1.94 0/0 0.02/0.003 32.83/4.104 50.66/6.33
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14 SRy T A A K SR B T, 1995—2000 4E (8] (4R 5% 7 443114 0.066% F1 0.534% (3R 2) ,2000—2008 45 (8] I 43 Jj1| 42
R T 0.455%F1 1.268% (% 3) ., M3 2 538 3 Wl LIFE H, KA AR L s f 7 56 2R B A1 TR p R M (AR Sk A
0. 31%—49.34% KIS T AN A A T g SR RO A8, J0HR R ) 4 Hi R FH 25 4 8] A9 AH 1 5% 4k, X7 2000—2008 4F (8] A4 45 1k
JEHEA S, UBHHORE , BAREAEAE 1.268% 55460 T #1% FHHE 0.455% 5460 T 7K 38k . 0.05% ¥4 46 T #ikth , H Rl i 447 1875
0. 429% (115 A4 (0.13% (7K 380 0. 129% M AR BRI BT FE A0 A T #fb (2 3) o X — 5 1 W3 T MR AR ALY 22 07 10y 1 5 3 s 1)
AV AR ENE, 7 — it B I R X A AR -4 S-S B A AE B R BT B — 8 ARG T AN 55 MR 5
2.3 FERU MR BB S ) AR A A

FIH ARCGIS10.0 55 Fr $2 54 B o Ti7 35 A b s L) AR B 2 (R] 43 A L BT 2, IR R AT U HY L 1995—2000 4[],
AR BEHR S AR 7R R T B R X T O DORITE 7 DX, N R B 14 2 300 25 ) 2 443 A B RRAIE 5 T 31 T 2000—2008 4F[H]
AFa g B — 5 T 2 B0 AR vt o B4 3 A R, e L AT 7 ORI 2 X e i 80 53 — 5 T b o A Xt KRB TN B X 5
[EipER 5

MATESE PR A 5 AR TR (£ 4) , WA Be 38 LI P AT o B, 2 Sk 31 T A RS B 2 T LAY 87.09%
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Fig.2 The distribution and transitional type of unstable patches in Nanjing
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Table 4 The statistics of unstable patch in 1995—2000 and 2000—2008

o 1995—2000 2000—2008
Patch type PSS A T A/ hm? A A % RS A T A/ hm? TR/ %
Patch number Area Area ratio Patch number Area Area ratio
B Farmland 4575 279.06 2.00 11208 3217.19 4.96
PRHL Forestry 968 39.38 0.28 2993 1639.62 2.53
Fi Grassland 25 1.40 0.01 151 123.86 0.19
K, Water 741 1477.34 10.61 2558 15479.62 23.86
A Built-up area 3670 12126.03 87.09 7838 44404.32 68.46
FHFHHL Unused land 25 1.13 0.01 16 0.59 0.00
A Total 10004 13924.34 100.00 24764 64865.20 100.00

MASTGE P BESAEA ] A= 25 DX 3 Ai AT LU (32 5) , NI TR] B A, AN E BREBR A 246 ) ThT BB CE S 0, e rp JE 38 2 2 XF
T AR 2 T AR L B0 A v B 3l 7 282 XA R, A5 2% DX 1 ot T Sl Tl 7 e ) S B XU W 5 G rP AN AR B e i AR B
AN DI AL TR AR PR IR OR P DX, AN BN TR BEBRIT o5 ARSI TE 7% LLT o 73 S % RIE T LUA Y 7E 74 3 1L O
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Table 5 The statistics of unstable patch in different eco-region

1995—2000 4 2000—2008 4
HE& X Eco-region BB/ mBVhM® ERLOL % REMEUA mRVAm  ERELGL %
Number Area Area percent Number Area Area percent

i ‘}J\"\‘ \“E “,‘ x
FARF DAL IR X . N 1792 2625.12 18.85 5809 14837.58 22.87
Wetland and waterhead protection region in the south

) 125 3 } L ?{5 X
ﬁulm.l#MR R BARPE . X Lo 3174 3939.73 28.29 6103 9944.66 15.33
Mountain and wetland protection region in the west

; 25 3H 2 IX
iy QKHM%?FJ: b Lo 868 867.48 6.23 4332 3241.73 5.00
Forestry and wetland protection region in the north
TSI T A J R A AR A X

4207 491.7 46.62 . i

Urban developing Area in Middle of Nanjing 0 6491.75 66 8585 36838.88 56.79
A1t Total 10004 13924.34 100 24764 64865.20 100
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Fig.3 The changes of precipitation and annual average temperature from 1980 to 2009
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Fig.4 The changes of population, GDP and city constructed area
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Table 6 The general situation of city developing plan in 1980—2009
Fk st B M SR Ry A3 [ 2K I A K B IX) HE R
Period of time Characteristics Distribution Planning area JB Bl Main area
1981—2000 FAWH, LR RS AR I 5, DL O R B R R s X RN 122 km?
BiE, 4 %, etk X i msh, BT A B IR A A Tl LT =]
rhug HAHBRRMR 5 AR, I 4717 km?
1991—2010 EFEAWARLIRE S MR M X () AR T - 3 A Ui 6597 km? b 243 km?
25 WM XA SEBRETIRH R R B EG R, DK Sk g BT
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Fig.5 The changes of forestry land and city green open space
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