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ABSTRACT

@t. Env. & Poll. Tech.\

Website: www.neptjournal.com With the growth of global population and intense land use changes, the problem of ecological vulnerability

has become prominent. Assessment of ecological vulnerability bears significance in protection and
restoration of the ecological environment. Assessment results for a given area can reveal regional
characteristic differences in system vulnerability and provide basis for the rational use and protection
of the natural environment. To analyse the ecological vulnerability in Fuzhou district in China and its
causes, systematic assessment and zoning of ecosystem vulnerability were proposed. Using the
remote sensing and geographic information system technologies, ecological vulnerability was spatially,
explicitly, and comprehensively assessed. Results showed that the most vulnerable areas of Fuzhou
district include Pingtan Comprehensive Experimental Area, Fuqging City, Fuzhou City and Changle City.
Counties of Yongtai, Minhou and Minging feature good vegetation coverages and low ecological
vulnerability. In Fuzhou City, three zones, namely, Taijiang, Gulou and Cangshan Zones, feature high or
extremely high percentage vulnerability. The other two zones comprise better ecosystems. Analysis
of correlation coefficients between vulnerability value and various indices showed distinct factors of
ecological vulnerability for each region. The main factors affecting the ecosystems in Fuqging, Jin'an
Zone, and Changle City include climate, vegetation and soil, respectively, whereas the factors that
simultaneously affect the ecosystem in Cangshan Zone consist of soil, land use, topography and
vegetation. The key challenge in improving ecological vulnerability of these areas is optimization and
coordination of land use/coverage under natural conditions. The results can provide basis and reference
for future research and relevant formulation, such as the mode of selection of resource utilization and
environmental protection, and improvement of key factors.
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S

reflects multi ple stressand destructionsthat occur at different
timesand in given spatial scales. Vulnerability isakey and
popular topic in the fields of ecology and environment and

INTRODUCTION

Exploitation and utilization of natural resources become

increasingly serious, |eading to deterioration of theregional
ecosystem environment. Serious problems, such asvegeta-
tion destruction, soil erosion and land use change, resultin
serious degradation of and irreversible changesintheentire
ecosystem. Global and regional urbanization changes in
the ecosystem occur ubiquitously and have been accel erat-
ing for decades. VVulnerability assessment has been studied
for decadesin some social fields, such asin assessment of
poverty and food insecurity. Assessment of ecological vul-
nerability also has received significant attention (Lange et
al. 2010). Vulnerability assessment wasal 0 applied to analy-
sis of risksin ecology (Micheli et al. 2014), environment
(Variset al. 2012), agriculture (Jayanthi et al. 2013), sociol-
ogy (Lee 2014), and economy (Armatas et al. 2017) and
other natural risks (Ogunkunle et al. 2016).

Sources of regional vulnerability in different parts of
the world exhibit diverse characteristics. Vulnerability

in social and economic fields. Vulnerability is not only a
basic theoretical discipline but also an applied subject.
Variousfactors should be considered i n assessing ecol ogical
vulnerability. Assessment requires not only the studies of
gpatial scales and time but also those of structural and
functional ecological relationships. The inherent intricacy
of an ecosystem causes difficulty in selecting indices,
determining weight, and quantifying vulnerability in
assessment. Some experts have made remarkable
achievementsin the definition of ecological vulnerability,
its characteristics, and evaluation indices and methods,
which have brought new thinking in studies of the ecosystem
(Song et al. 2015, Zhang et al. 2015). Ecological
vulnerability assessment hasbecome animportant measure
to assess global change and sustai nable devel opment.

Remote sensing (RS) and geographic information sys-
tem (GIS) can provide a platform of multi-sourceinforma-
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tion fusion and integration for the ecological vulnerability
study. Remote sensing providesa powerful data source sup-
port for land use, vegetation cover, landscape changes and
other parametersthat usually have been used in the assess-
ment of ecological vulnerability. Utilizing GIS spatial analy-
sisand statistical functions enablesthe researchers quickly
accomplish the results of evaluation. Vulnerability can be
feasibly assessed using RSand GI S, because of theimprov-
ing theories of vulnerability assessment and 3S (RS, GIS
and GPS) applied technology (Song et a. 2015). Remote
sensing (RS) and (GIS) have been widely used in geology,
hydrology, ecology, forestry, environmental science and
other fields (Zhang et al. 2015).

Thus far, the primary methods of determining weight
rely on expert experience and several mathematical meth-
odsor their combination. Using mathematical methods, ac-
curacy and consistency can be tested to reduce subjectivity
and randomness. For a given region, determining weights
through mathematical methods cannot achieve analysis of
specific characteristics. On the other hand, combining ex-
pert judgment can increase flexibility of determining
weights. Specific methods include expert consultation, in-
dex comparison, statistical average method, comparison
method, sampling weight matrix method, step-wiseregres-
sion method, grey correlation analysis, principal compo-
nent analysis, and analytic hierarchy process (AHP). Some-
times several methods can be used simultaneoudly to deter-
mine weightsin most literature (Alveset al. 2013).

Ecosystem degradation in Fuzhou district hasexceeded
the current level of socio-economic technology, putting
pressure on ecological functions that can disrupt environ-
mental recovery and causeirreversible damage (Fang et al.
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2016). Previous studies showed that the main ecological
threats in Fuzhou district include soil erosion, river flood-
ing, coastal droughts, and urbantropical island effect (Chen
et a. 2010). Fujian provinceisthe first province to imple-
ment “ecological province construction” in China. Numer-
ous works, such as state investigations (Wu et al. 2008),
dynamic change monitoring (XU 2013), and ecosystem as-
sessment (Jiang et al. 2012), have contributed significantly
to the protection and improvement of the ecosystem and
provided basis for subsequent regional ecosystem studies.

Overall, the ecol ogical environment in Fuzhou and even
Fujian Province hasbeen paid more attention, but the study
in the comprehensive evaluation of ecological vulnerabil-
ity still needsto befurther deepened. At thesametime, itis
necessary to find a suitable norm for the assessment of eco-
logical vulnerability in Fuzhou, based on the differences
between the characteristics and causes of the regional eco-
logical vulnerability. The “norm” refers to the method of
determining the indexes and weights, the idea of compre-
hensive zoning and result evaluation and so on that are
suitablefor thisarea. Theresultsare not only able to expand
the thinking of research for ecol ogical vulnerability assess-
ment, but al so ableto provide data support for the managers
and planners in protecting regional eco-environment and
controlling ecological vulnerability risks. Finally, the re-
sults of this study supply theoretical and technical refer-
ence to other study of ecological vulnerability in similar
areas.

MATERIALS AND METHODS
Study Area
Fuzhou digrict islocated between 25°16'-26°29' Northlati-

Elevation

High : 1640

. Low : 0

Fig. 1: RGB false colour composite image using bands 6, 5, and 4 of a Landsat 8 OLS image obtained in 2014 (left).
Geographical location of the Fuzhou district study area and (right) its topography.
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tude and 118°31'-120°13' East longitude, covers a total
area of 11,462.41 km?, and consists of 13 administrative
subareas: Gulou Zone, Taijiang Zone, Jin'an Zone, Mawei
Zone, Cangshan Zone, Minhou County, Minging County,
Yongtai County, Fuging City, Changle City, Lianjiang
County, Luoyuan County, and Pingtan Comprehensive
Experimental Area (Fig. 1). In north, west and south of
Fuzhou district, the landscape is dominated by mountains.
In the east lies the Fuzhou Plain, which isa part of the Min
River downstream plain landform. Fuzhou Plain features
extensve and reticul ated waterways andis home to most of
the Fuzhou district’s population. Fuzhou district experi-
ences a humid subtropical climate, with high annua pre-
Cipitation and temperatures.

Resear ch Obj ectivesand Design

In thisstudy, the main ecological vulnerability of the study
areawasstudied first. Then, eachindicator wasextracted on
the basisof RSdataand ground meteorol ogical and landform
data. Using AHP, weight coefficient of each index was ac-
quired. Then, quantitative eval uation results were completed
through the Gl Stechnique. Finally, under different natural
conditions, the main influencing factors of ecological vul-
nerability in the study areawere analysed.

The objectives of this paper include (1) identifying
threatening and sensitiveindices, (2) constructing integrated
assessment indices and presenting a systematic methodol-
ogy, (3) determining the weight of all indices, and (4) ana-
lysing the ecological vulnerability for Fuzhou city. The
present study aims to propose a systematic assessment and
spatial zoning of ecosystem vulnerability.

Utilizing RS and GIS, ecological vulnerability indices
in Fuzhou district were rapidly extracted and analysed.
Overlaying calculation of ecologica vulnerability wascom-
pleted, whereas the weight of each index factor was ob-
tained using AHP. The model was constructed by the fol-
lowing steps: (1) selection of indices, (2) data acquisition
and processing, (3) determination of weights, (4) variable
standardi zation of indices, (5) ecological vulnerability over-
laying calculation, and (6) quantification of vulnerability.
Fig. 2illustratesthe related flow diagram.

Ecological Threats

Terrainthreat: TheFuzhou district features mountainsand
hills, which account for 32.41% and 40.27% of its total
area, respectively. The proportions of mountains and hills
are especially high in Yongtai, Minging and Minhou
County. Landslides, and soil and water erosions often occur
in the steep mountains and hills of the district.

Uneven seasonal distribution of precipitation:
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Fig. 2. Flow diagram of spatial assessment of ecological
vulnerability in the Fuzhou district.

Precipitation intensity inthe Fuzhou district strongly varies
over the year. Morethan 80% of annual precipitation occurs
in March to August accounts and accompanied by frequent
typhoonsand thunderstorms. During therainy season, floods
and mountain landslides occur frequently. Very little
precipitation occurs, but evaporation is relatively strong,
often resulting in serious droughts outside this period.

Large differencesin precipitation evaporation ratiosin
Fuzhou district: Given that distribution of precipitation
within ayear varieswidely, but evaporation doesnot, coasta
cities often suffer net loss of water. Annual accumulation of
> 10°C growing degree days amountsto 6000°-6700°, pro-
viding excellent conditions for crop photosynthesis and
biomass accumulation. However, asaresult of flat topogra-
phy around coastal cities and the rain shadow effect of Tai-
wan Strait, digtribution of regional spatial precipitation var-
iesdrastically. Consequently, the ratio of annual precipita-
tion to evaporation for Pingtan and Fuqing, which are lo-
cated in the coastal area, reach 0.643 and 0.807, respec-
tively. In normal years, these values result in net loss of
water in these regions and subsequent droughts.

Population aggregation and land reduction: Human
activitiesin the region have significantly changed land use/
coverage over the past years. Fuzhou, asthe capital city of
Fujian Province, has experienced rapid population growth
and industrial development, resulting in the reduction of
land resources. According to dynamic changesin land use,

Nature Environment and Pollution Technology @ Vol. 16, No. 4, 2017
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construction land areas changed the most, followed by
gardens, highways, unused lands, dry lands, paddy fields,
water areasand forest |land areas. The direction of expansion
in Fuzhou district is to the east and south and to coastal
areas along Min River (Yang et a. 2012). Land quality
declinesyear by year, and human activities and settlements
have also extended from the plain areas to the mountains
and hill areas. Given the population growth, availability of
per-person cultivated area decreased from 0.0365 hm? in
197810 0.025 hm?in 2009 (Hu et al. 2013).

Soil erosion and floods: Mountains in Fuzhou district
mainly feature red and laterite soil types, resulting in bar-
ren, acidic, and sticky soil. Previoudy, high temperatures
ensured high crop production. Now, high temperature isthe
main driver of soil erosion and mineral decomposition.
During the rainy season, silt and clay from soil erosion are
transported from mountainsto rivers, resulting in sedimen-
tation in these waters. Consequently, capacitiesof riversfor
drainage and detention decrease, resulting in floods.

Environmental Impact | ndicesand Selected I ndices

Vulnerahility is a generalized concept that should be spe-
cifically addressed for a given region and investigated ob-
ject. Mogt literature divide vulnerability studies into three
parts. exposure characteristic, sensitivity and recovery ca-
pacity. For Fuzhou city and in this study, vulnerability isa
set of ecosystems that include sensitivity and exposure to
stress factors. The selected indices manifest the following
characterigtics. scientific, practical, representative, feasible,
comprehensive and timely. Thisstudy wasmoreinclined to
assess vulnerability of regional climate, topography, land
use and land cover, and other natural and physical hazard
characteristics on alarge administrative spatial scale. Five
first-level indiceswere selected: climate, topography, veg-
etation, soil and land use.

Land use and vegetation coverage change constantly.
Soil weathering becomes serious under high annual tem-
perature accumulation of > 10°C. Barren soil consequently
continues to be eroded. Vegetation coverage and slope,
combined with high temperatures and preci pitation charac-
terigtics, are the main causes of ecological vulnerability in
hills and mountains. The same conditions apply to plain
areas.

Hongmei Zhang et al.

The ratio of annual precipitation and evaporation ad-
equately explains the dry conditions of coastal areas. We
used the revised formula (Meng et a. 2004) of a Russian
scientist of the Chinese Academy of Sciencesto obtain the
drynessindex of Fuzhou district; thisindex can reflect con-
gtraints of precipitation and temperature accumulation on
crop growth. TheformulaisasfollowsEqg. (1):

k=0.16x 7" (1)

Where K is the dryness index, AT and AP are annual
temperature accumulation of > 10°C and annual precipita-
tion of > 10°C, respectively.

At the same time, human activities are concentrated in
the hilly and low mountain or east plain areas, resulting in
changesin vegetation coverage and the original ecosystem.
That is, vegetation isthe controlling factor, and combination
of topography and climate is the triggering factor. Soil
impoverishment is one of the underlying vulnerabilities.
All indicesare converted to dimensionless numerical values.

To validate our results, we performed ecological sur-
veysin various directions and locations, such asin anorth-
ern lineto Sun River, asouthern line to Quanzhou, and an
eastern lineto the Langqi 19 and. Thefollowing were meas-
ured during these surveys (Zhang et al. 2014): GPS posi-
tion, vegetation type, vegetation cover, soil type, topogra-
phy type, land use and imaging characteristics. Based on
the characteristics, geomorphologic type (N, index) was
assessed using grading standards, as presented in Table 1.

Inthe present study, we removed the water region using
the water vector of Fuzhou district. Thus, the area of the
study region totals 11462.27 km2.

Data Acquisition and Processing

Given the results (Guettouche et al. 2013, Yao et a. 2016)
of previous studies, each kind of index can be rapidly ex-
tracted by RS and GIS methods.

Obtaining site data on annual precipitation, evapora-
tion, and > 10°C temperature accumulationsfor 17 weather
gtations (including nine meteorological stationsin Fuzhou
district and eight stations around it) and extra 170 pointsin
the study region, combined with ArcGI Stopol ogy process-
ing, all site data were converted to raster data with a grid

Table 1: Vulnerability quantization value of land use and geomorphologic types.

Index Index level value
Geomorphologic type Mesa Valey alluvial Moderate altitude Low mountain, High hill Low hill
plain mountain Aeolian plain, etc.
Index value 2 3 5 6 8 10

Vol. 16, No. 4, 2017 e Nature Environment and Pollution Technology
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size of 30 x 30 m?. From the average of nearly 30 years of
meteorological data, accurate datawere obtained for the 17
gtations. A total of 170 extra points were selected from the
contour map of 1:1,000,000 scale precipitation, evapora-
tion, and > 10°C temperature accumulations to facilitate
the subsequent interpolation topology calculation.

From two Landsat 8-Operational Land Imager (OLI) im-
ages of Fuzhou district acquired on December 13, 2014 and
December 22, 2014, we cal culated two Normalized Differ-
ence Vegetation Index (NDVI) valuesfor theimages. Frag-
mentation of landscape ecology was used to represent eco-
logical vulnerability of land use. Fragmentation was de-
rived from classification resultsof OLI data. NDVI datawere
derived from RSimagery to represent vegetation coverage
and biological capacity (Reeves et al. 2014). We deduced
the soil brightnessindex (SBI) and soil wetnessindex (SWI)
to represent soil conditions (Satir 2016), which can indi-
rectly reflect vegetation coverage and soil moisture. NDVI
and SWI werederived using Egs. (2)-(4):

NDVI = Pnir = Pred (2)
Pnir + Pred "

SBI=0.31xB.+0.28xB:+0.47xB. +

0.56xBs+0.51x Bs+0.19x B~ (3)
SWI=0.15xB.+0.20x Bs+0.33x B.: +
0.34x Bs—0.71x Bs— 0.46 x B, (4

Where, p,,, and p,, are spectral reflect values of near-
infrared OLI B, (0.845-0.885 pum) and red B, (0.63-0.68 um),
respectively. Landsat8 OL | image datawere obtained from
the United States Geological Survey and Geospatial Data
Cloud websites (https://www.usgs.gov/ and http://
www.gscloud.cn/).

Fromland use classification map of Fuzhou district (Qi,
et al. 2016), we deduced a suitable landform and land use
(Huzui et al. 2012) raster imagewith a30 x 30 m? pixel size.

Usinginternal interpolation, we converted the 1:100,000
vector contour line data of Fuzhou district into a triangu-
lated irregular network and subsequently to grid digital el-
evation mode and image datawith agrid size of 30 x 30 m2,
From this information, we derived the image data for alti-
tude, slope, and aspect to represent terrain information.

Variable Standar dization

Ecological impact indicesand ecological vulnerability form
two kindsof relations: consistent and reverserelations. Ina
consistent relation, an increase in ecological impact index
resultsin an increased ecol ogical vulnerability, such asthat
withtheland useindex. In areverserelation, anincreasein
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ecological impact index results in a decreased ecological
vulnerabhility, such as that with the NDVI. Calculations of
ecological vulnerability for both relationsa so differ (Galicia
et a. 2007). Several variables, such asthe NDVI, featured
negative contributions, whereas others, such asthe land use
index, exhibited positive contributions. Positive indices
were standardized using Eq. (5), and negative indices were
standardized using Eq. (6) with valuesranging from 0to 10.
Calculation of ecological vulnerability for the consistent
indicesisasfollows:

(Xij-Xjmin)

Sij:loxm ...(5)

Calculation of ecological vulnerability for the reverse
indicesisasfollows:

(Xjmax-Xij)

Sij=10xm ...(6)

Where,i=1,2,...m;j=1,2, ... n;iisthepixel number,
j refersto the number of ecol ogical impact indices, S isthe
vulnerability value of unit | and index j, X is the maxi-
mum of index j, and X . isthe minimum of index j. Pixel
numbers(i) rangefrom 1 to 12,819,150. The number of eco-
logical indicesisn=11.

Four consistent ecological indicesand five reverseindi-
cesexist, namely, N,, N, N,,, and N, ; and N, N.., N, N,
and N,,, respectively. The remaining two indices, N, and
N,, are dimensionless standards (Huang et al. 2003, Wan et
al. 2015).

AHP

AHPisamethod or theory that involves pai rwise compari-
sons for determining the weight of each index. Establish-
ment of pairwise comparison matricesin AHP depends on
expert judgment. AHP features flexible and intuitive ad-
vantage, which isthe function of checking inconsistencies
in judgments (Rahman et al. 2009). The built-in function
that checks inconsistency of judgments ensures accuracy
with different expertsopinions. AHPiswidely used in safety
scientific research, such asthosein coal mine safety assess-
ment, safety of hazardous chemicals, capability evaluation
during oil city disaster emergency, traffic safety evaluation,
and other aspects. Inenvironmental scientific research, AHP
has been applied in the field of atmospheric environment,
water environment, and ecological environment.

AHP uses expert judgment in classifying the degree of
exposure and sensitivity. Vulnerability assessment strongly
depends on expert judgment, but it can adapt to changesin
space and hierarchical levels. Weights of all kinds of indi-
ces were obtained to complete our study using AHP

Nature Environment and Pollution Technology @ Vol. 16, No. 4, 2017
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Table 2: Ecologica vulnerability indices and their weights.

Hongmei Zhang et al.

The first index (EV) C W, Cii The second index (1V) Weight (Wij)
Climate N, 0.203 N, Annual precipitation/evaporation 0.474
N,, Dryness 0.474
N, >10°C temperature accumulation 0.052
Topography N, 0.203 N,, Geomorphologic type 0.192
N, Altitude (m) 0.077
N,, Slope (degree) 0.654
N, sin (direction -30°) 0.077
Vegetation N, 0.466 N, NDVI data 1.000
Soil N, 0.042 N, Soil brightness index (SBI) 0.500
N,, Soil wetness index (SWI) 0.500
Land use N, 0.086 Land use extent index 1.000

All consistencies of the index weights meet Rl < 0.1

(Wolfslehner et al. 2005).

Numerous ecological vulnerabilities around the world
aresimilar intermsof driversand processes. To characterize
diversity in topography, soil, vegetation, land use and cli-
mate in the Fuzhou district, we set up atwo-level system of
indices consisting of fivefirst-level indicesand eleven sec-
ond-level indices, which respectively reflect the perform-
ance and structure of the ecosystem. Using AHP, theweight
of eachindex was determined (Table 2).

GISOverlaying Calculation

Vulnerability assessment refersto quantification of vulner-
ability based on given calculations, such as GIS or math-
ematical methods, within a hazard condition (Lange et al.
2010).

In a specific period, spatial assessment of ecological
vulnerability that is supported by GIS can achieve quanti-
tative calculation results by calculating ecological vulner-
ability scores and displaying scores in a zoning map. All
assessment indicesmust be spatially mapped. Grid cell data
are mainly obtained by RS and GI'S technologies, such as
vegetation coverage index, terrain slope, and other data. In
this study, the appraisal unit isa 30 m pixel, which isthe
resolution of the RSimage. The overlaying map of vulner-
ability assessment was developed using weighted linear
combination and the raster calculator in GIS Spatial Ana-
lyst functions. The overlaying cal culator was based on Egs.
(7) and (8):

n mi
EV Zz(\NinWiiXCii) (7
i1 =t
m;
v = ZWII xCy (8)

i1

Where, EV isthe ecological vulnerability of overlaying

scores, i isthefirst-level index from 1to 5, and W, standsfor
the weight of every first-level index. 1V isthe ith vulner-
ability overlaying scores, W, is the weight of each second-
level index determined by AHP, and C, isthe standardized
raster datavalue.

RESULTS

Investigation and statistics: Onthebasis of fieldinvestiga-
tion of land use, vegetation type, soil type and topography,
we identified eight types of land uses/coversfrom the OLI
images, which were obtained to analyse their spectral char-
acterigtics. Standardized training plotsinclude urban struc-
ture, arable land, dry land or sand, permanent plant areas
(e.g., orchards and wood production forests), woodland,
grassland, little or no-vegetation coverage areas and coastal
beach or inland waters. Theclassified ecological zone com-
prises urban lands, cultivated lands, dry or sand lands, per-
manent planting areas (orchards land), high-coverage for-
ests, mixed forest with medium coverage, sparse forest with
low coverage, shrub grass, few or now vegetation, coastal
area, and inland water.

Quantitative calculation value of Fuzhou district
changed from 0 to 8.83, and the average value was 3.43.

Ecological vulnerability value of natural vegetation ar-
eastotalled 2.46, whereasvaluesof orchards and farmlands,
which are strongly influenced by human activities, reached
3.39 and 4.34, respectively. Certain land use categories
showed similar ecological vulnerability values; these cat-
egoriesincluded artificial construction-intensive areas, dry
land or sand, and sparse vegetation cover areas, with mean
vulnerability values of 5.57, 5.13, and 4.69, respectively.

Quantification of vulner ability: A framework was proposed
for assessing ecological vulnerability in Fuzhou district
using a semi-quantitative approach. The approach was used
to describe relative vulnerability scale. Vulnerability can

Vol. 16, No. 4, 2017 e Nature Environment and Pollution Technology
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Fig. 3: Model output of ecological vulnerability analysis.
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Fig. 4: Percentages of vulnerability classes in each of the
studied subarea.

be classified as very low, low, moderate, high, and very
high. Inthis approach, different scaleswere determined ac-
cording to available data from the field surveys.

No or very low vulnerability is the condition of undis-
tributed or very minor distortion, whichis nearly typical for
pristine conditions. This condition featuresrelatively high
recovery capability or ecological carrying capacity; these
propertiesare suitable for reasonable resource devel opment
and utilization and essential for harmonious devel opment
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of ecosystems, resources, and economic society. Low vul-
nerability presents a relatively low sensitivity and shows
no remarkable ecological problems. This condition mani-
fests relatively better recovery capability and ecological
carrying capacity than the previous one. However, poten-
tial problems emergewhen some primary conditionschange,
such as land use or soil state. Moderate vulnerability fea-
tures higher sensitivity than low vulnerability, but its eco-
logical pressureistill less, except for externd interference.
The ecosystem till exhibits good recovery ability oncein-
terference is eliminated. Aslong as human beings provide
proper protection, they can return to their original ecologi-
cal functions. High vulnerability can easily lead to poten-
tial ecological risks. Notable ecological problemsand high
ecological pressure accompany this condition. This condi-
tion also features poor recovery capability and ecological
carrying capacity. Very high vulnerability ismore serious,
its sensitivity, recovery capability, and ecological carrying
capacity are very weak.

According to cumulative statistics of the survey-point
overlap vulnerability, we defined a range of vulnerability
values between 2.5 and 8.83 in fragile ecosystems. This
range of values was further subdivided into six levels. no
vulnerability (0 to 2.50), very low vulnerability (2.50 to
3.25), low vulnerability (3.25 to 4.0), moderate vulnerabil -
ity (4.0 to 4.75), high vulnerability (4.75 to 6.0), and very
high vulnerability (6.0 to 8.83). Area proportions of each
ecological vulnerability class reached 9.77%, 39.38%,
28.32%, 12.65%, 6.24%, and 0.49% of thetotal study area,
respectively (Fig. 3and Table 3).

Ecological vulner ability of Fuzhou district: For theentire
Fuzhou district, the ecosystem of no, low, and very low
vulnerability covers the largest proportion of 77.47%, ac-
counting for an area of 8878.67 km? The ecosystem of
Fuzhou digtrict isdesirable. We analysed the proportion of
each vulnerability classin nine counties or cities. Ordered
in decreasing proportions of no and very low vulnerability
areas, the following areas wereidentified: L uoyuan County,
Minging County, Yongtai County, Minhou County,
Lianjiang County, Minhou city, Fuzhou city, Fuging City,
Changle City, and Pingtan Comprehensive Experimental
Area(Table3andFig. 4).

Western and eastern coastal plain areasin Fuzhou dis-
trict featurerelatively large differencesin terms of ecologi-
cal vulnerability. Inthe entire district, percentages of mod-
erate, high, and very high vulnerabilities were high in
Fuging and Changl e cities, and percentage isthe highest in
Pingtan Comprehensive Experimental Area. The percent-
ages totalled 51.47%, 51.57%, and 89.10%, respectively.
The ecological environment is poor in these flat coastal

Nature Environment and Pollution Technology @ Vol. 16, No. 4, 2017
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Table 3: Percentage of ecological vulnerability classes for different Fuzhou subareas (%).

Vulnerability Water No and Low Moderate High Very high Total Area
very low (km?)
Fuzhou district 3.15 49.15 28.32 12.65 6.24 0.49 11462.27
Pingtan 1.5 0.16 9.24 38.94 46.52 3.64 262.76
Changle 6.2 3.65 38.58 33.19 17.71 0.67 672.59
Fuging 2.84 8.32 37.37 29.01 20.56 1.9 1550.43
Fuzhou city 8.13 34.54 31.86 19.11 6.22 0.14 1012.89
Minhou 5.54 49.48 33.51 9.38 2.01 0.08 2129.04
Lianjiang 2.34 52.43 32.42 10.06 2.29 0.46 1066.61
Y ongtai 1.18 69.14 25.27 3.75 0.6 0.06 2231.02
Minging 1.73 76.97 17.84 3.07 0.35 0.04 1495.64
Luoyuan 0.56 78.68 15.74 4.04 0.7 0.28 1041.29
Table 4: Percentage of ecological vulnerability classes for the five zones (%).
Vulnerability Water No and Low Moderate High Very high Total area Population
very low (km?) (ten-thousand
people)
Taijiang 19.13 0.33 9.65 50.08 20.67 0.14 17.38 44.69
Gulou 8.29 5.15 25.75 45.70 14.94 0.17 32.84 68.77
Cangshan 18.84 1.44 18.99 45.41 14.90 0.42 155.60 76.27
Mawei 11.61 14.29 48.94 17.88 7.11 0.17 245.17 23.19
Jin"an 1.18 55.55 30.14 10.68 2.40 0.05 561.90 79.25

regions. Vegetation has been largely destroyed and is al-
most barren due to long-term and intensive human activi-
ties. The coastal areasare exposed to intense sunlight, accu-
mulate significant heat and evaporating soil moisture
quickly. Annual precipitation islow and shows large sea-
sonal variation. Very sparse vegetation, strong winds, low
precipitation, and high evaporation combine to worsen frag-
ile ecosystems. Yongtai, Minhou, and Minging County, the
three most western counties in the Fuzhou district, exhibit
high percentages of vegetation coverage and low ecologi-
cal vulnerability.

Ecological vulnerability of Fuzhou city: For thefive zones
of Fuzhou city, namely, Jin'an Zone, Taijiang Zone, Mawei
Zone, Cangshan Zone and Gulou Zone, ecological vulner-
ability values also differ. Mean ecological vulnerability
valuesreached 3.31, 4.56, 3.98, 4.52 and 4.24, respectively.
In Fuzhou city, as the capital city of Fujian province, the
proportion of non-fragile ecosystem is intermediate com-
pared with those in other cities, because vegetation cover-
age isbetter in the north of Fuzhou city, thusbenefiting the
ecosystem.

Taijiang Zone, Gulou Zone and Cangshan Zone cover
relatively small areas, 32.84, 17.38 and 155.60 km?,
respectively. However, percentages of high and very high
ecological vulnerabilities are high. The three zones, where
popul ationsare concentrated and the main land useisurban
congtruction, serve aseconomic, cultural and administrative

centres of Fuzhou district, respectively. Table4 summarizes
vulnerabilities of the five zones.

Index analysis and discussion: Correlation coefficients
between appraisal results and thefive primary indiceswere
separately obtained for the eight counties or citiesand five
zones. The correlation coefficient between vulnerability
value and climateindex in Fuging is0.469, which ishigher
than 0.203 for of the primary weight. Thisresult showsthat
climate results in a more significant impact on ecological
vulnerability of Fuging City. The correlation coefficient
between vulnerability value and vegetation reaches 0.618
inJin’an Zone. Corre ation coefficients between vulnerabil -
ity value and soil total 0.421, 0.390 and 0.268 in Langqji
Island, Cangshan Zone and Changle City, respectively.
These results show that the main controlling factors differ
in various regions of Fuzhou district. The main factor is
climate in Fuging, vegetation in Jin"an Zone, and soil in
Changle City. The key factors are land use and topography
in Gulou Zone and land use, soil and vegetation in Cangshan
Zone.

Theoveral ecological system of Fuzhou District isgood,
and the area with high ecological vulnerability is in the
eastern coastal city. On the other hand, vegetation coverage
inthewestern hillsishigh, and overall vulnerability issmall.

CONCLUSIONS

Fuzhou digtrict, the capital city of Fujian Province, islo-
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cated in the middle southeast of Fujian province. The dis-
trict features rich precipitation, heat and high vegetation
coverage but still possesses unique ecological vulnerabil-
ity. Thisstudy analysed causes of exposure and susceptibil-
ity to ecological fragility in Fuzhou. To prevent deteriora-
tion of and to protect the ecosystem, correct appraisal must
be conducted. The correlations between vulnerability value
and the index are differentiated into regions. The govern-
ment should consider the main factors of each region’svul-
nerability to protect the ecosystem.

Several environmental impact indices, such as precipi-
tation, temperature and topography, used in this study for
calculation of ecological vulnerability, are uncontrollable.
Toimprove or to retain the ecol ogical Sateof acertain area,
we must focus on some indices that can be managed by
man; such indices include land use and vegetation cover-
age. Efforts should also be exerted to raise public aware-
ness. To adequately assess all aspectsof ecological vulner-
ability, the following should be included: geography, ecol-
ogy, climatology, pedology, geomorphology and regional
planning or environmental planning. In thisstudy, we only
assessed the ecol ogical vulnerability of 2014 in the Fuzhou
district based on some natural factors. Other human behav-
iour and technological developments may pose more sig-
nificant impacts on the ecosystem.

In future research, we will focus on monitoring of dy-
namical changesin the ecosystem to predict future ecologi-
cal vulnerability trends and to continually study the impact
of social and economic indicators on ecological vulner-
ability of Fuzhou district.

Several of the technologies used in this study, such as
AHP, RSand GI S, featured significant advantages, such as
timely assessments and high spatid resolutions. Further dis-
cussion and research on the choice of indices and weights
arealso necessary.
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