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Abdract
Lake vulnerability is one of the significant issuesin China, more and more lakes are polluted seriously. This paper comprehensively analyzes the
vulnerable degree of lakeslocated in the middle-lower Yangtze River catchment. Firstly, the factorsinfluencing lake vulnerability are explored. Then
based on the references and material s collected, this study used the weight dataand grading datato assessthe vulnerable degree of lakes. Thirdly, the
area percentage of impervious surface was employed to represent theintensity of human activities. Lastly, C4.5 decision tree agorithmswere applied
to get classification matrix which can be used to estimate the categories of all thelakesin themiddle-lower Yangtze River catchment. Theresults show
that lakes under rational exploitation accounted for 61.8%, and those over-exploited accounted only for 13.2%. Asfor thelake vulnerability, it can be
deduced that low vulnerablelakes accounted for 32.4%, medium vulnerablelakes had the highest percentage with 45.6%, and accordingly, the amount
of lakes with high vulnerability was lowest, only 22.1%. According to the vulnerability and exploited degree, the lakes were divided into three
categories. Generally speaking, lakeswithin | category wererare, and anountsof lakeswithin 11 category were much morethan other categories. Lakes
within 111 category were affected by human activity mostly. The conclusions can provide significant information for policy formulation to mitigate

lake vulnerability and restore lake function.

Keywords: Lakevulnerability, middle-lower Yangtze River catchment, C4.5 decision treeagorithms.

Introduction
L ake pollution and vulnerability has become aglobal concerned
problem. Since 1960’s, plenty of countries began to be bothered
by the problem of lake pollution, they al try to explore one effective
method to prevent lake pollution and reduce the vulnerability 2.
Historically speaking, most of the developed countries have
experienced thetortuous process of “ pollutefirgt, cleanup later” 34,
Although the mitigation result for lake pollution isremarkable, it
is on the expenses of lengthy and costly efforts. How to extend
effective control and treatment for the numerous and various
polluted lakesis urgent to be solved 3.

Thelakeslocated inthemiddle-lower Yangtze River catchment,
most of which are shallow and connected with river, are affected
mostly by human activity, and their vulnerable degree is more
concerned by experts and government. All of the five freshwater
lakes are located in this region, so the environmental quality is
more significant. According to field survey data, except Dongting
Lake, the rests are al polluted to some extent %8, Amounts of
previous researches have focused on lake eutrophication and
vulnerahility, and various pollution mitigation strategies have been
proposed in China. However, most of those researches focus
basically on water quality as far as the indexes of TP, TN,
chlorophyll g, transparency are concerned. With less attention to
human activities around the lake basin, it is quiet difficult to
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comprehensively assess the vulnerability of the lakes, and it is
also not conducive to the classification of mitigation and
management of |ake pollution.

CaseSudyArea

Middle-lower Yangtze River catchment isone of theworld' sfew
regions congested with large shallow lakes. According to statistics,
therearemorethan 70 lakeswith the areabigger than 1 km?, and the
total areais 16,558km?, accounting for 60% of the total area of
freshwater lakein China. Dueto thelimitsof dataavailability, this
paper collectsthedataof 61 lakes. Among which, 11 |akes suffer
from medium eutrophication (18%), 37 |akes are threatened by
high eutrophication (60.7%), and 13 lakes are endangered by
extreme high eutrophication (21.3%).

Theoretical Approaches
In recent years, amounts of classification methods are used in
lake researches, such as fuzzy mathematical method, Gray
correlation method, genetic algorithms and so on 2, All of the
methods have their own advantages and disadvantages, and the
assessment results are diversein the same region. C4.5 decision
tree algorithm method isgood at classification using information
entropy of training dataset aswell asthe sampling from unknown
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network flow °. It is beneficial to lake classification especialy
under incompl ete data, which ishelpful for our study.

Based on the analysis of lake vulnerability, this study selected
the indicator index to represent the lake comprehensive
vulnerability, and collected the rel ative dataof morethan 60 |akes
inmiddle-lower Yangtze River catchment. According tothegrading
standard, this study estimated the comprehensive vulnerability
of lakesin research areato indicate their resilience to pollution.
On the other side, based on remote sensing technologies, we
generated the percentage of impervious surface to describe the
intensity of human activities. Thispaper utilized |akevulnerability
and exploited degreeto construct the matrix classification system,
and then divided all of the lakes into different categories using
C4.5decisiontreeagorithms.

DataProcessing

Lakevulnerahility isimpacted comprehensively by climate, regiona
geographical and hydrological characters, and human activities,
all of whichareinfluential tolake vulnerability. Combined with the
principles of index selection, this study chose lake area, lake
hydraulic retention time, stratification, characters of lakesidezone
and lake eutrophication as the quantitative index of lake
vulnerability.

Grading Sandard and Weight
Two methods, which include expert assessment method and
correlation analysis, wereinvolved to estimate the weight of l1ake
vulnerahility of each index. Expert assessment method isapriori
method, and correlation analysisisaposteriori method. Combining
the results calculated by both methods, this paper ultimately
calculated the grading standard and weight of eachindex (Table 1).

Indicator Index of Human Activity I ntensity

At present, human activities have a significant impact on lake
vulnerability. This study used impervious surface to represent

Table 1. Lakevulnerahility index and grading standard.

thehuman activity. Impervioussurfaces (1S) isan artificial surface
inabuilt-up area. Dueto itsspecial features, it isconsidered to be
an important factor in regional water quality deterioration.

Meanwhile impervious surface changes can also influence non-
point source pollution load. Carrying large amounts of sediments,
nutrient pollutants, heavy metals, runoff of urban river could

exacerbate non-point source pollution. Therefore, we defined the
proportion of impervious surface area and lake drainage area as
the quantitative indicator which stands for the impact of human
activity.

Resultsand Discussion
Applying the above mentioned methodol ogy, we calculated the
vulnerable degree of the lakes and the exploited degree of lake
areabased on the sampl e data set with no default data. Calcul ated
results are shown in Table 2. We divided middle-lower Yangtze
River catchment into 9 regions.

We calculated the vulnerable degree as well as the exploited
degree of lakes using statistical data and weight processing, and
classified lake vulnerability using C4.5 decision tree algorithm.

The estimation results show that the number of lakes under
rational exploitation takes up the highest percentage with 61.8%,
and medium exploited lakes account for 25%, and the over
exploited lakes take up 13.2%. It is clear that most of lakes in
middle-lower Yangtze River catchment are affected by human
activities. However, the degreeis still not serious.

As for the vulnerahility of lakes, it can be deduced that the
lakes with low vulnerability take up 32.4%, medium vulnerable
lakes have highest percentage with 45.6%, and on contrary, the
number of lakeswith high vulnerability islowest, only 22.1%. It
can be concluded that the distribution of lake vulnerability in
middle-lower Yangtze River catchment iseven, whichissuitable
for pollution mitigation according to classification.

C4.5 decision tree algorithms were applied to classify all the
lakesinto three categories. Thelake under rational exploition and

Index Definition Value Unit Grade Note
It is more sensitive to 1-10 ! Very small lake/pool
Lake area water quality for the 10-100 km? 2 Small lake
o ke 100-500 3 Medium lake
500+ 4 Large lake
The sho'r ter the N 90+ 1 Residence period is very long
. hydraulic retention time, . S
Lake hydraulic . 30-90 2 Residence period is long
O the lower the cumulative Day . S
retention time . 15-30 3 Residence period is short
pollutant concentration . .o
needed fo be diluted 1-15 4 Residence period is very short
The lake with more 30.0+ 1 Obvious stratification
Stratification obvious stratification is 13.5-30.0 metre 2 Normal stratification
more sensitive to 4.5-13.5 3 Weak stratification
external P source 0-4.5 4 No stratification
. 75-100% . 1
Characters of Tlhe lalki W}gl larger 50-75% Lakestldf 2 Lakeside percentage with D
lakeside zone slope fakeside 15 more 25-50% pereentage 3 slope (Slope is 12% or more)
sensitive to erosion o within 300
0-25% 4
Assessment of 0-30 1 Low nutrition
Trophic status integrated 30-50 No 2 Medium nutrition
index eutrophication based on 50-70 3 High nutrition
TN\TP\SD\chl-a 70+ 4 Extreme high nutrition
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Table 2. Theresultsof estimation for samplelakes.

Comprehensive Human Comprehensive Human
Lake name vulnerable activity Lake name vulnerable activity
degree intensity degree intensity
Poyang Lake 12.35 3.40% Gaoyou lake 29.71 7.84%
Dongting Lake 12.68 2.77% Red Lake 40.47 3.55%
Lake Tai 23.73 35.38% Baoying Lake 52.96 8.11%
Chao Lake 43.88 10.44% Kuncheng Lake 47.92 20.20%
Shengjin Lake 36.43 1.92% Kuilei Lake 22.21 20.98%
Dianshan Lake 64.10 19.81% Hongze Lake 59.73 15.26%
Wuchang Lake 36.24 7.97% Yaogang Lake 54.38 2.85%

with low vulnerability was defined as category |, medium and
high vulnerable areawithin medium exploited areawas considered
as category |1 and over exploited lake defined as category I11.
According to the results, fewer lakes belonged to category |

including Hong Lake, Liangzi Lake, Junshan Lakeand soon. The
lakeswithin category |1 consisted of most of thelakes. Thelakes
within category 111 were Dianshan Lake, Kuncheng Lake, Baima
Lake, and so on. Although the vulnerability degree is various
within category 111, al of the lakes are most affected by human
activity.

Conclusions

This study estimated the lake vulnerability and exploition level,
and classified lakes based on the lake vulnerability in middlie-
lower Yangtze River catchment using C4.5 decisiontreea gorithm.
Results indicated that nearly two-thirds of the lakes exploited
level were comparatively low, one-third relatively higher. For the
lakes which are over exploited, governments should formulate
appropriate policiesto increase environment awareness and reduce
the effects of human activities on the Middle-lowerYangtze River
catchment. Asfor the lake with medium and high vulnerability,
government should focus on the lake restoration and mitigation.
For thelakewith low vulnerability, local government should pay
much attention to combine environmental protection and ecological
restoration and control pollutants emissions.

Acknowledgements

Thisresearch was supported by the State Water Pollution Control
and Management of Major Science and Technology
(20092X07106-001); the National Key Programmefor Devel oping
Basic Science (2010CB950904) and the National Scientific
Foundation of China(70873118; 41171434). Datasupport fromthe
projected funded by the Ministry of Science and Technology of
China (2010GXS5B163; 2008BAC43B01; 2008BAK50B05;
2008BAK50B06) are also greatly appreciated.

References

Wu, M., Liu, Z.Y.and Li, Z. Y. 2008. Evaluation of |ake eutrophication
based on Bayes method. Journal of Chendu University of Information
Technology 23(5):533-536.

2Li,Z.Q.,Wang, S.L.andYang, M. 2010. L ake protection and utilization
based on ecological sensitivity analysis- A case study of Futou Lake
inHubei Province 19(6):714-718.

8Zhang, Y., Wang, Y. and Ye, W. H. 2002. Surfacewater quality changesin
Shanghai City in past 20 years. Acta Scientiae Circumstantiae 22(2):247-
251,

“Wu, H. J. and Guo, S. L. 2001. The effect of hydrological regime on
phytoplankton community. Advancesin Water Science 12(1):52-55.

Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012

5Zhang, Y. Z., Zheng, B. H. and Fu, G. 2006. On the assessment
methodology and standards for nutrition status in channel type
reservoirs based on zoning of eutrophication sensitivity. ActaScientiae
Circumstantiae 26(6):1016-1021.

5Pu, D. W. 2010. Simulation of flow rate and energy change in different
observation site in Namucuo Lake. Tibet Science and Technology
10:27-31.

“Lathrop, R. C. and Lillie, R. A. 1980. Thermal stratification of Wisconsin
|akes. Transactions of the Wisconsin Academy of Sciences, Artsand
L etters 68:90-96.

8Jin, D. Y., Liu, B. and Du, J. D. 2004. Present status of lakeshore and
ecological restoration of east part of Lake Erhai, Yunnan Province.
Research of Environmental Sciences17:80-85.

SLiu, J. M. and Deng, X. Z. 2011. Influence of different land use on urban
microenvironment in Beijing City, China. Journal of Food, Agriculture
& Environment 9(3& 4):1005-1011.

Wang, M. C., Liu, X. Q. and Zhang, J. H. 2002. Evaluate method and
classification standard on lake eutrophication. Environmental
Monitoring in China18(5):47-49.

1247




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


