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ABSTRACT

Using the fuzzy rule-based classification methoelesteen phases of NDVI (Normalized Difference
Vegetation Index) images acquired from 1982 to 1@@8e classified respectively based on NDVI and
climate images. And then, spatiotemporal dynamid$@VI and land use are described. Finally, thipgra
analyzes NDVI trends and their relationships withimate and human activity under the land cover
scenario. The results indicate that at the natiauoale, the increases of monthly and seasonal NDVI
correspond mainly to climate changes. But NDVI tieshow a large spatial and temporal heterogeneity
the regional scale corresponding mainly to humaivides, besides some sensitive areas with climate
changes. Therefore it is necessary to establigtt afgolicies to ensure the ecological conservatiod
restoration, especially in ecological sensitivitgas.
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1. INTRODUCTION analyse continental scale trends associated with
environmental changes.
: Normalized I:_)ifferer]ce Vegetation Index (NDVI) China’s geographic size causes the country to
IS a general b|0phy5|cal_parameter that_correlat%%ve a large climate range, from the tropical to
W'th. photosy_nth_etlc_ activity of vegetation andsubarcticlalpine and from rain forest to desert,
\F;;(;\g?aeii)nan[ll?dlc;?tl?sn 2;|<t;r:ﬁat3(;ee£esﬁo\(/)r ﬂ_“?ogether with diverse and species-rich vegetation
M : —types. It is necessary to pay enough attentioarid |
E:CHHZZ rg;é)sérft';drgn%?sufsrgﬂlyér\g?]enrgsch(g%dtgver monitoring and land use planning, so as to
0.68 mm) and 2 (0.725-1.10 mm) of the AVHRR rotect natural environment and ecosystem

tively. NDVI d i ide land effectively [11]. Land use patterns have been
respectvely. 0€s not provide 1an Coverdramatically changed in China since the late 1980s,
type directly. However, a time series of NDVI

; especially with regard to urbanization and loss of
values_can separate different land cover typesm.asc?ultivated land. The large scale land use change in
on their phenology, or seasonal signals [2]. Tim

series of continuous Earth Observation (EO) bas inna over the last two decades of the 20th century

estimates of veaetation have sianificantly improve s attracted international attention to analyze th
9¢ . 9 ty 1mp riving forces, impacts and future trends [12]tHa
our understanding of intra and inter-annu

L . . . ate 20th century and early 21st century, China has
variations in vegetation from a regional to globa]

. dergone a rapid socio-economic development,
scale [3]. Different global coverage products baselgi] g b P

odification of industrial structure and accelarati
on AVHRR data have been used for NUMErOUSt industrialization and urbanization. Meanwhile, a

regional to global scale vegetation studies. For_ . : : :
i eries of development strategies, including
example, lots of studies analyse the AVHRR NDV \Western  Development’, “Revitalization  of

time serie.s from regional to global scale [4-5] anﬂlortheast", “Rising of Central China” and so on
changes in vegetation phenology [6-7] based Yhve been implemented across the nation. It results

NDVI. Furthermore, long term time series analysiﬁan remarkable changes and modifications in the

of AVHR.R NDVI h{;lve bee_n mter_compared W't.hspatial distribution of China’s land use [13]. hist
other climatic variables like rainfall and

. . ar aper, we used the NDVI data from 1982 to 1998,
temperature to reveal geo-biophysical causes fgspgather with information on climate and land use,
0

observed changes in vegetation greenness or N : i
. . explore interannual variations of monthly and
[8-9]. Other geophysical parameters like albedo P y

have been derived from Meteosat data [10] to
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seasonal NDVI and their relationships with climate There exist different uncertainties in many real
and human activity. world applications and the fuzzy technique has
been witnessed to be a powerful modeling tool to
2. RESEARCH METHOD these uncertainties [19-20]. Usually only fuzzy
concepts exist for land cover and land use. Hence,
fuzzy classification systems, such as fuzzy c-means
clustering algorithm [21], are well suited to haad|
ost sources of vagueness in remote sensing
information extraction. Fuzzy logic is a multi-

2.1 Data

The Normalized Difference Vegetation Index
(NDVI) data used in this study were derived fro
the NOAA/AVHRR Land data set by the Global
Inventory Monitoring and Modeling Studies alued logic quantifving uncertain statements. It
(GIMMS) group; its spatial resolution was 8x8%km vau gic_gquantilying u ! )

X . can model imprecise human thinking and can
with 15-day intervals, between January 1982 an - P
' . represent linguistic rules [22]. F classifioat
December 1998 [14-16]. Annual mean P inguistic rules [22]. Fuzzy oal

a'rsystems consist of three main steps: fuzzification,

temperature and precipitation data at 1><12km[he combination of fuzz
) . y sets (e.g. by fuzzy rule),
resolution were compiled from the 1982-1998 . jofuzzification. Fuzzy rules are ‘“if—then”

tem_perature/precipitation dat_abase _Of China}ules. If a condition is fulfiled, an action takes
Available data and maps for this study include: (a)place An example is: “If" feature x is low

Land Use Map of China (1:1,000,000), edited by‘th " the | biect should b . d tadl
the Editorial Committee for the 1:1,000,000 Lano[:o\f}enr We Ima?jz(z)yjet(;rfnir?glogye asizlg:v?)uld Sg

Use Map of China, published by Science PreSSyritten: If feature x is a member of fuzzy set low,

Beijing, 1990; (b). Resources and environment da'i"fﬂen the ima Ce
. s ge object is a member of land cover W
of China (1:4,000,000), produced by the State Key o) according to the land use/cover categories

Laboratc_nry of Resources _and Environmen uggested by the Chinese Academy of Sciences, the
Informatlon.Systems of the Instltute_ of Geograp_hyl,and use/cover types in this study were classified
ﬁlt the bChIri%ZGG A_F:ﬁdeg\y of ?c(ljenciag, Be”'.?%s: Farmland, Forestland, Grassland, Water Area,
dovem er - Ie bata (|jnc_u € Spect 'Prban Land, and Unused Land. Then annual fuzzy
batas;ts_. nationa b (()jun_ aries, IprOV|r_1IC|a ules were extracted from seasonal NDVI, annual
S)(/):tre]zn? ”erisx}ergouprgin ?ggdars'izierﬁan::d g'r}’;aqe%DVI, temperature, precipitation and DEM images,
oo ' spectively, in reference to the Land Use Map of
waters etc; ©). DEM_ of GTOPO30 that USGSchina 1:1,000,000. For example, if all five of thes
distributes to the pUb“C. thr(_)ugh the Internet ). _(d variables are in their respective fuzzy set loventh
Land Use Map of China in 1995 from Sha”ngthe image object is a member of land cover Unused

infrastructure of Earth system sciczence. A.” dat1and. Using these fuzzy rules assembled for every
were aggregated to grid cells at 8x8’lsolution, oo seventeen land use-classified maps were
as done for the NDVI data sets. And then, the mas btained one for each year from 1982 to 1998

geometric correction, coordination transformation Figure 1)
and layer stack were carried out on images witFm ’
ArcGIS 9.3. 3. RESULTS AND DISCUSSION

3.1 Fuzzy classification accuracy
Based on the reference of the Land Use Map of
hina, Kappa coefficients of all classified images

2.2 Method
As some variations (clouds, aerosols, etc) may.

still remain in the GIMMS NDVI data, the mean- .
were very high and gradually decreased from

;’:(':‘(‘Jis'treljgt“g”hf”fr l(J'Z'I\i:') &E&.“{?ﬁ;;’;‘ﬁﬁ?iﬂ 1.94.05% in 1982 to 92.46% in 1998 (Figure 2). The
gn q Y . maximum Kappa coefficient value was 96.65% in
support a multi-temporal analysis for 15-da

y. . os i
interval NDVI data sets from 1982 to 1998. T01991 and the minimum value was 91.74% in 1983.

further reduce residual atmospheric ané‘c three outlying years (1983, 1991 and 1997) are

bidirectional effect, the maximum NDVI values in|gnored, the values from 1982 to 1998 decrease

each season and year were produced from t ignificantly ¢“= 0.329,p = 0.0321) with a trend of

-0.000617 yI* (Figure 2). These figures imply that
seasonal and annual NDVI data sets [18]. the change of land use in China is getting extreme.
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(a) Land Use Map of China (b) Classification flow diagrams
Figure 1. Land Use Map Of China Referenced And Fuzzy Rule-Based Classification Flow Diagrams.
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Figure 2. Classified Image Of China In 1998 And Kappa Values Trend From 1982 To 1998
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Figure 3. Land Use Map Of China In 1995

Based on the Land Use Map of China in 1995 image 1995 was 80%, and the overall accuracy and
(Figure 3), the Kappa coefficient of classified mean accuracy were 85% and 81.2% respectively
O
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(Table 1). It can be seen that 88.5% of the actualassigned to other classes during the classification
Forestland pixels (34460 out of 38933) were process (Table 1). Water Area shows a lower
correctly identified; the producer of the map degree of accuracy. Water areas are not spectrally
incorrectly omitted 11.5% of the pixels (4473 out homogeneous or distinct since they contain
of 38933). Looking at the columns, we can see thatwetlands and aquatic plants, as well as other land
87.6% of the Forestland pixels (34460 out of 39332)overs in an 8x8 kfpixel. For this reason, there is
were correctly identified and 4872 out of 39332 or some spectral confusion with the other classes in
12.4% of the Forestland pixels were incorrectly the matrix.

Table 1. Land Use Types Error Matrix Between 1995R (Reference Data) And 1995C (Classified Data) (Pixels) and

Kappa value
1995C | Farm | Forest | Grass | Water | Urban | Unused| Row | Producer's | Errors of
199 land | land land | Area | Land Land Total | Accuracy | Omission
Farmland 25558 2292 1659 46 52 309 299116 85.4% %44.6
Forestland 1378 3446( 2649 37 10 399 38933 88.5% 5%1
Grassland 1165 2031 40034 115 6 525p 48603 82.4% 697
Water Area 185 78 217 1572 12 132 2196 71.69 28.4%
Urban Land 27 19 8 2 181 7 244 74.2% 25.8%
Unused Land 580 452 2843 187 1 23449 27532 85.2% .8944
C?(')‘:g?” 28893 | 39332| 47410 1959 262 29568 147424
Al(;JCSuer';lSC , | 835%| 876%| 84.4% 8020 69.1%  79.4%
Cgrrr:ﬂ:; ;fon 11.5%| 12.4%| 15.6% 19.8% 30.9%  20.6%
Kappa value Kappa=80%
Overall Accuracy = 85%, Mean Accuracy = 81.2%
3.2 Spatiotemporal Dynamics of Land Use lower reaches of Yellow River, the Yangtze River

The main spatial distribution changes of land Basin, Yunnan, Guizhou, Sichuan, Guangdong,
cover type in 1982-1998 existed in the reaches ofFujian, Shaanxi, and Shandong Provinces.
the Yangtze River and the Yellow River, central Similarly, the farmland converted into forestland
Shandong and Guizhou, southern Inner Mongolia,also occurred primarily in these regions. The
eastern Tibet, northern Xinjiang, in most parts of occupation of grassland by farmland was mainly
Qinghai, Sichuan, Yunnan and Hunan (Figure distributed in Inner Mongolia, the Yellow River
4(a)). The areas of farmland, water area, urbanBasin and central Tibet. Farmland converted into
land and unused land increased; water area had thgrassland was also mainly found in these regions
greatest rate of increase, which was 8.52% duringexcept Inner Mongolia.

the period. The areas of forestland and grassland
decreased: forestiand had the biggest rate of (2) Overall the area of forestland decreased by

decrease, which was 1.56% during the period. The382.72><1C3 hectares. Increases in forestland were

main characteristics of the change in land cover mainly attributed to the occupation of farmland

. ’ o0 (1182.08x16 hectares) and grassland (545.28%10
types over the period 1982-1998 are detailed mhectares). However 1459 84%1Gectares and
Figure 4(b) and Table 2.

564.48x10 hectares of forestland were converted

(1) Although 1182.08x10 and 404.48x10 into farmland and grassland respectively, which
hectares of farmland were converted into forestlandresulted in net losses to these groups. In addition
and grassland respectively, the area of farmland304.64x10 hectares of forestland was converted
increased by 379.52xi@ectares. The net increase into unused land and only 238.72%1Bectares
was mainly derived from the occupation of was conversely converted. The conversion
forestland (1459.84xf0hectares), and grassland between forestland and other land cover types
(547.84x10 hectares). Forest loss occurred occurred mainly in central, southern and eastern
primarily in southern and eastern China, suchas th

s
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China, Inner Mongolia, and the southeasternthe southeastern portions of the Qinghai-Tibet
Qinghai-Tibet Plateau. Plateau and Inner Mongolia Autonomous Region.

The conversion between grassland and unused
. (3) There was a_decrease 0f466.56’>41££l:tar(_as land is particularly evident in the middle and uppe
in grassland which was the most dominant

conversion during the study period. The decreasereaCheS of the Yellow River, Inner Mongolia,

. ; . Gansu and northwestern Qinghai. Additionally,

of grassland mainly derived from the occupation of . o :
some conversions were distributed in the eastern

unused land  (963.2x10 hectares), farmland Qinghai-Tibet Plateau and northern Xinjian
(547.84x10 hectares) and water area (131.7x10 <9 jlang.
hectares).  Conversely, 720%10 hectares, (4) Water area increased by 112.64%h6ctares
404.48x10 hectares and 30.72xl0hectares of over the study period. Besides grassland, the
unused land, farmland and water were convertedsecond source of conversion to water was
into grassland respectively. Grassland wasforestland (33.28xT0 hectares), this mainly
converted into water bodies mainly in eastern distributed in eastern Jiangxi Province and
Xinjiang, northwestern Qinghai and Shanxi, and northern Guangdong Province.

0 250500 1,000 1,500 2,000
e —— m—Kilometers,

Class Change and Main River
I grassiand->urban land
[ grassiand>unused land \ ¥ |
] water area->farmland
[ water

. g water

] B veter land
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—— Yangtze River
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farmiand
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I forestiand>water area [ un
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[ forestiand->unused tand [Jlll unused land->grassiand
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[ orssianci>torestiand [ un

e [ grassiand->water area

used land->urban land

(a) Change probability (b) Land cover types change in 1982-1998
Figure 4. Mainly Spatial Distributions Of Land Cover Types Change During 1982-1998

Table 2. Land Use Types Transformation Matrix From 1982 To 1998 (10* Hectares)

19é998 Farmland | Forestland | Grassland VZ?;? L{;tr)%n Ug l:%ed total
Farmland 17002.88 1182.08 404.48 5.1p 9.40 339|208943.36
Forestland 1459.84 22236.8 564.48 33.28 3.84 304,624602.88
Grassland 547.84 545.28 29720.9p 131J20 1.p2 963.21910.40
Water area 10.24 14.08 30.72 1242124 0.90 24p6 2.282
Urban land 2.56 3.20 3.20 0.00 141.44 1.92 152.32
Unused land 299.52 238.72 720.00 23.04 5.12 1664017436.16
Total 19322.88 24220.16 31443.84 1434188 16192 83pB8| 94367.36
increasing rate 2.00% -1.56% -1.46% 852%  6.30% 9%.9

(5) Urban land increased by 9.6%H&ctares, but of 6.3%, during the study period. The increase of
it had the second greatest positive rate of inereasurban land primarily came at the expense of

s
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farmland (7.04x1D hectares) and distributed September was 8.14% with a trend of 0.001243 yr
around the border area of Hebei and ShandorRut monthly NDVI reached maximum value in
Provinces, as well as in Qinghai Province. August and was rather small from December

(6) Unused land increased by 347.52%(10through March (Figure 5(b)). That is, plant growth

hectares and had a similar rate to farmland. It%eaked in the middle of growing season (summer),

i ; ; chile the largest NDVI increase occurred in the
increase came primarily at the expense of grasslarelarl rowing _season (spring). Monthly and
(243.2x10  hectares), forestiand  (65.92%10 - oY 9 9 pring). y

hectares) and farmland (39.68%1i0ectares). The seasonal NDVI trends and their patterns are likely

i oupled with climate patterns and moisture
conversion to unused land from farmland occurre§ .
vailability [16].

primarily in the middle and lower reaches of the

Yangtze River and the Yellow River Basin, as weI[3 3.2 Temporal dvnamics of NDVI in brovincial
as in southern Inner Mongolia, Shaanxi, Shanxi, ™ scalep y P

e 1% GCEAT2® Athough o apparen rend was seen in
mainly in the middle and lower reaches of th DV at t_he national scale _from 1982 to 1998, we
Yellow River and Xinjiang Sound a high _degr_ee of spatial hef[eroger?eny_mtmos
' areas, especially in the North China Plain, hilhda
3.3 Spatiotemporal Dynamics of NDVI plain areas of Central China, Yangtze River deltas
and Pearl River deltas. At the provincial scale, th
3.3.1 Temporal dynamics of NDVI in national provincial NDVI trends for Inner Mongolia {r=
scale 0.235, p = 0.049), Shanxi’® 0.378, p = 0.009),
From 1982 to 1998, there was not a significanKinjiang (* = 0.339, p = 0.014) and Ningxi& (&
correlation between annual mean NDVI and.292, p = 0.025) increased significantly. The
climatic factors, and no apparent trend was seen largest provincial NDVI increase was in Ningxia,
annual NDVI (f = 0.123, p = 0.169). But the NDVI with a magnitude of 42.59% over the 17 years and a
trends for spring and autumn increasedrend of 0.002943 ¥k (the 17-year averaged NDVI
significantly. The largest NDVI increase®(= was 0.323). The increase for Inner Mongolia,
0.533, p = 0.001) was in spring, with a magnitud&hanxi and Xinjiang were 7.22%, 10.76%, and
of 17.7% over the 17 years and a trend of 0.002117.61% with a trend of 0.0019087r0.002613 yr
yr! (the 17-year averaged NDVI is 0.3111). Thé, and 0.001322 ¥ respectively. But because a
increase @ = 0.355, p = 0.012) for autumn wasrapid urbanization had taken place over the past 20
7.21% with a trend of 0.001126 yrDespite the years, there was significantly decrease in
pronounced NDVI increases in two seasons, sevel@uangdong fr= 0.27, p = 0.032), with a trend of -
large fluctuations appeared in the NDVI trends. F09.001845 yi.
example, seasonal NDVI was large in 1987 and
1990 but small in 1991 and 1995 for spring an®.3.3 Temporal dynamics of NDVI in Land use
autumn respectively (Figure 5(a)). scale

. . Similar to annual NDVI and its trend over the
The r_nagnltude O.f monthly N.DV.I and its Changepast 17 years at the provincial scale, if we assume
over time are important indicators of the

tributi f i tvity i diff tthe location of land cover was not change in Land
contrioution ot vegetation -activity in -different ;o Map of China referenced (Figure 1(a)), annual

. NDVI and its trends showed a high degree of
the monthly NDVI trends showed positive Value%eterogeneity at land cover scale. Especially, the

for all months except November and Decembelétnnual NDVI trends increased significantly for

indicating that NDVI increased throughout the yeay ... - .o &~ 0 254 p = 0.039) with a maanitude
almost over the 17-year study period (Figure 5(b)}j]c 12.18%Eove'r thép17 'year)s and a ?rend of

The monthly NDVI trends for May and SeptemberO 001295 Vi (Table 3 Compare  with
increased significantly. The largest monthly NDVIS;.)atiotemporyaI dy(namics of)lnand usepfrom 1982 to

increase (r= 0.531, p = 0.001) was in May, with 41903 (Fi -
. gure 4 and Table 2), regional NDVI trends
magnitude of 19.96% over the 17 years and a rendd their patterns are likely associated with human

of 0.0022 yr* (the 17-year averaged NDVI is | .. .. I
0.3047). The increase®(= 0.358, p = 0.011) for activities because of land use changed signifigantl
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Figure 5. Seasonal And Monthly NDVI Change In China
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Table 3. NDVI Regression Analysis From 1982 To 1998 In Land Use Scale

Landuse N Reg Coef T P R | rate

Farmland | 17 0.001482 | 2.003| .064| .459| 0.064469
Forestland | 17 | -0.000373 | -.671| .512| .171| -0.02506
Grassland | 17 0.001004 | 1.807| .091| .423] 0.053312
Water area| 17 0.001295 | 2.259| .039| .504| 0.121757
Urban land | 17 -0.000344 | -.389| .703( .100| 0.046945
Unused land| 17 0.000606 | 1.720| .106] .406| 0.105325

3.4 Discussion years were excluded to reduce the influence of soil
A comparison of the NDVI trends in China(over deserts and sparsely vegetated grids) and
resulting from this analysis with those found insnow on the NDVI trend, but also aggregated
other studies provides context and support for th@onthly NDVI to grid cells of 0.1°x 0.1° from the
overall results of the present study. Referencé [1@riginal 8-km resolution data. However, in this
used the NDVI data from 1982 to 1999, togethestudy, the mean-value iteration filter (MVI) [17]
with information on climate, vegetation, and humanvas used to reduce the noise and reconstruct the
activity, to explore interannual variations ofhigh quality NDVI time-series. These differences of
monthly and seasonal NDVI and their relationshipslDVI data preprocess would cause slight bias in
with climate and land use change. At the nationalome results.
scale, they found that monthly and seasonal NDVI
had increased significantly over the study period, CONCLUSION
and NDVI had showed the largest increase (14.4%
during the 18 years and a trend of 0.0018 yaver The multiyear NDVI data set and a
85.9% of the total study area in spring and theorresponding climate data set from 1982 to 1998
smallest increase (5.2% with a trend of 0.00IB yr were used to analyze NDVI trends and their
over 72.2% of the area in summer, while the NDVtelationships with climate and human activity. The
trends had showed a marked heterogeneitgsults indicated that both increase of monthly and
corresponding to regional and seasonal variations seasonal NDVI corresponded mainly to climate
climates. The results were very similar to ouchanges, suggesting that climate change is playing
analysis in this paper. But in this study, NDVI inan important role for the patterns of NDVI trends a
summer did not appear the significant change arfle national scale. But NDVI trends showed a large
monthly NDVI trend was negative values forspatial and temporal heterogeneity at the regional
November (Figure 5(b)). Because reference [1&cale corresponding mainly to human activities,
not only assume that such variations were smallguggesting that human activities is playing an
than those due to environmental drivers, and grignportant role for the patterns of NDVI trends at
cells with <0.1 of annual average NDVI during 18the regional scale, besides some sensitive arghs wi
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climate changes. Human activities have exerted a
large effect on the spatiotemporal patterns of NDVI 108, No. 4, 2007, pp. 385-392.

trends in some regions. If human activities would8] J. Xiao and A. Moody, “Geographic

exceed regulation capacity of ecosystems distribution of global greening trends and their
themselves, the ecosystems in China might be climatic correlates: 1982 to 1998” International
deteriorated more seriously. It is necessary to Journal of Remote Sensing, vol. 26, No. 11,
establish a set of policies to ensure the ecolbgica 2005, pp. 2371-2390.
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