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Abstract 

In Sri Lanka， c1imatological and hydrological conditions have becn obscrved ovcr 

one hundred years and ovcr forty years， respectively. Thc climatological phenomcna have 

been observed at the fourteen meteorological oflices since the late nineteenth ccntury. Thc 

monthly precipitation has been measured also at many tea estates in and around the ccntral 

highland. On the other hand， the monthly discharge height had measured at 148 stations in 

the 29 ri vers. 

From the comparisons of the water balance variations among the watersheds， the 

effects of environmental changes on the water balance were discussed. The environmental 

changes of Sri Lanka are characterized by the temporal and spatial variations of air 

tempera凶reand precipitation as climatological elem.ents and by the temporal and spatial 

variations of vegetation and land use elements. 

The climatological changes in Sri Lanka are summarized as follows. The air 

temperature of almost a11 area of the island shows an increasing trend， and the lapse rate of 

Sri Lanka decreases about 0.038 oC/ 100m in the last 100 years. The decrease in the lapse 

rate of Sri Lanka means that the air temperature at the central highland area increases more 

than lowland area. The trend of precipitation decreases at almost a11 area excluding 

southwestem coωtal area. 1n particular， the trend of precipitation at the central highland 

訂 eaand eastem coast心areain the semiarid region show a clear decrease in the southwest 

monsoon season and in the northeast monsoon season， respectively. 

The resul t of the comparisons between the water balances classified the watersheds 

into the three groups that the trends of runoff ratio are increasing， decreasing and 

lnvariance. 1n pa口icular，the watersheds classified into the group with the increasing trend 

of runoff ratio distributed mainly in the southwest inland area. Those watersheds show 

the converse trends as the decreasing trend of areal precipitation and the increasing trend of 

discharge. 

The water balances of the watersheds classified into the group with invariable trend 

of runoff ratio show the variations caused by the arcal precipitation changcs. These 

watersheds 01' this group havc two types 01' the response to the precipitation changcs. The 
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variations 01' water balance 01' the watershcds belong to thc formcr type show thc dccrcasc 

of evapotranspiration whcn the areaI precipitation decrea.."lcs. Many watcrshcds 01' this typc 

distributed in thc semiarid rcgion. On the other hand， thc watcrshcds 01' thc othcr typc 

indicate the decrease 01' discharge with the decrcase of areaI precipitation， and many 

watersheds distributed in thc central highland arca. The decrcases of prccipitation in the 

semiarid and humid regionsωcuπed in the difference seasons. The precipitation in the 

semiarid region was decreased in the dry season. On the contrary， the precipitation in the 

humid region was decreased in the wet season. It is considered that the precipitation 

controls the amount of evapotranspiration in the dry season 01' semiarid region， because of 

the potential evapotranspiration in this period would exceed the precipitation. Therefore， 

the decrease of precipitation wiII affect directly the evapotranspiration. The result of water 

balance analysis demonstrates this effect in the semiarid regions. The water balance 

variations of the watersheds Iocated in the semiarid region show the similar trends between 

the areal precipitation and evapotranspiration of watershed. On the other hand， it is 

considered that the decrease of preci pi tation in the wet season of humid region wiU gi ve 

little effect on the amount of evapotranspiration and will decrease the discharge， because of 

the precipitation would exceed enough for the potential evapotranspiration. From the 

water balance variations of the watersheds located in the humid region， the effect on the 

discharge is confirmed. 

In the watersheds that show the increasing and decreasing trends of runoff ratio， 

other factors will exceed the effect of climatological changes， and seems to affect the water 

ba1ance in the local scale. The results of overlay analyses between the location of the 

watersheds with a rapid discharge change and the proportion 01' the land use by districts 

show that the areas of those watersheds indicate hilgh proportions of dist口butionof the 

land use classified as、parselyused cropland" and tea cultivation. This 、parsely used 

cropland" consists of shifting cultivation， abandoned tea， land under development and so 

on. It seems that these land use changes affect an amount of evapotranspiration， 

infiltration and storage capacity. The watersheds wit:h incrcasing trend of discharge show 
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tea cultivation area. Thosc results suggest the change 01' land usc from tca cultivation 

makes increase 01' discharge amount. 
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Chapter 1 

1 ntroduction 

1.1 Previous study 

One 01' issues that we are no¥¥' conl‘ronted with is globalじlimateじhangccaused by the 

greenhouse gases. The global vvanning is defined ω は climatechange， on a global sじはle，

caused by an enhanじedgreenhouse etTect. The greenhouse gases incl ude water vapour， 

C孔rbondio:'¥ide， tropospheriじozone，ni trolls o:'¥ide and methane、whichare transparent to 

short wave radiation but opaque to long wave radiation. 1n the greenhollse gases， the 

vvater vapollr is the most importance gas. The atrrlospheric gases that contribllte to the 

enhanced greenhollse ef1'ect indude carbon dio:'¥.ide， methane， nitrous o:'¥ide， ozone， 

halocarbons， and precursors 01' any of these gases. The concentration 01' atmospheric 

carbon dio:'¥ide variations has been measured since 1957 at Mauna Loa observatory， 

Hawaii. The annual average C02 concentration was increased 3.4Sあbetween1956 and 

1971 (Keeling e! al.， 197o). He indicated the effects of increasing amounts of industrial 

C02 in the air on a global scale. Now the atmospheric CO2 is observed continuously 

about fifty points in a1l the ¥¥'orld (Nozaki， 1993). 

The global wa口ningshows the increase of global averaged surface temperature. 

However， the surface temperature also shows the decrease locally at the Northem Atlantic， 

for instance， between an average temperature of 30 years from 1931 and an average from 

1961 (Hulme el al.， 1992). Theじhange01' precipitation also attcsts an in¥・oh'edregional 

difference. Therefore， the water balance 01" vvatershed inl1uenじedby the cl imate change on 

the regional scale has regional ¥'ariation and various problems. 

The 1ntergovernmental Panel on Climate Change (IPCC) ¥Vωjointly cstablished by 

two organizations 01' World Mctcorological Organ.ization (WMO) and Unilc Nations 

Environment Programme (UNEP) in 1988. The Pancl formcd thrcc Working Groupsω 

lollows: 



Working Group 1 ; to assess the avai1able scientific information on dimatcじhangc，

Working Group 11 ; to asscss the environmental and socio-economic impacts 01" dimatc 

change，and 

Working Group 111 ; to formulate response strategie:s. 

The Panel also established a Special Committee on thc Participation of Developing 

Countries to promote the participation of those countries in its activities. The IPCC First 

Assessment Report was completed in August 1990 and the report consists of the IPCC 

Scientific Assessment (IPCC， 1990a)， the IPCC Impacts Assessmcnts (IPCC， 1990b)， the 

IPCC Response Strategies， the Policymakers' Summary of the IPCC Special Committee 

and the IPCC Overview. 

According to the IPCC Scientific Assessment Repo口，the main equilibrium changes 

in climate due to a doubling of carbon dioxide deduced from some models are followings. 

The number of asterisks indicates the degree of confidence determined subjectively from 

the amount of agreement between models， our understanding of the model resul ts， and our 

confidence in the representation of the relevant process in the model. Five asterisks 

indicate virtual certaintIes. one asterisk indicates low confidence. 

Tempera凶re

***** the lower atmosphere and Earth's surface wa口n;

* * * * * the stratosphere cool s; 

料*near the Earth's surface， the global average warming lies between + 1.50C and 

+4.50C， wi th a "best guess" of 2.50C ( The IPCC (1992) Supplement favoured a 

lightly lower figure than 2.50C); 

料*the surface warming at high latitudes is greater than the global average 10 winter 

but smaller than in summer ( in time-dependent simulations with a deep ocean， 

there is little warming over the high-latitude southem ocean); 

米** the surface warming and its seasonal variation are least in tropics. 

Preci pi tation 

米米料 the global average increases (as does that of cvaporation)， thc larger thc warming， 

the larger the i ncreasc; 
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米** increascs at high lati tuucs throughout the year; 

*米米 increascs globally by 3(fr) to 150/，; (as does evaporation)~ 

米 * increases at miu-latitudcs in wintcr: 

米米 thc zonal mean value incrcascs in the tropics although thcrc arc arcω01' decrcascs; 

shifts in the main tropical rain bands ditler from mouel to modcl， so thcrc is li ttlc 

consistency betwcen modcls in simulated regional changcs; 

** changes little in subtropical areas. 

Soil moisture 

米米米 increases in high latitudes in ¥vinter; 

料 decreasesover northem mid-latitude continents in summer. 

Snow and sea ice 

米米料 the area of sea ice and seasonal snow-cover din1inish. 

The report added that the resul ts from models become less reliable at smaller scales， so 

predictions for smaller than continental regions should be treated wi th great caution. 

The hydrological response on the c1imate change was reviewed by the Working 

Group II of the IPCC. This report classified the past researches into four groups that 

studied to clear the hydrological phenomena caused by the artificial climate change in the 

future: 

1) The anal戸icalmethcx:l of long-term variance on the discharge and climate elements(e.g. 

Revelle and Waggoner， 1983; Schwaロ， ω77;Glantz; 1988， Demaree and Nicolis， 

1990; Karl and Riebsame， 1989). 

2) The method to estimate the future amount of all evaporation based on the long-term 

water balance(e.g. Glantz and Wigley， 1987; Griffiths， 1989). 

3) The method using the atmospheric General Circulation Model (GCM) (e.g. US EPA， 

1984; Sanderson and Wong， 1987; Singh， 1987). 

4) The method to estimate the change of hydrologiじalcondition of watcrshcd using thc 

deterministiじ waterba1ancc model v¥'i thじlimatologicaluata including thc rcsult 01' 

GCM(e.g. Nemec and Schaakc， 1982; Gleiじk，1986， 1987; Mathcr anu Fcddcma， 

19Ro; Cohen， 1986; Flaschka (!! 111.， 1987; Bul tot (!/ 01.， 198R) 
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This rcport indicatcs that we nced carei"ul trcatment of thc rcsults of mcthcxis 1 and 2 by 

reason that thc mcthod was cxtrapolated I"rom the past corrclation to thc futurc. I n thc casc 

of using atmospheric GCM mcthods， the results of hydrologiじはIsimulation bascd on 

sevcral GCMs had no conformable regions. The report adduced lo¥V rcsol ution and 

simplistic hydrological proccss on the models for this rea"ions. This report also indicatcs 

that the method using the deterministic water balance modcl can simulate the change 01" 

discharge， when the regional climate change was estimatcd. These are useful for water 

resources management. This re戸)ftshows one of conclusions that even though i t ¥vill be 

comparatively little climate change， it will cause the serious problems for ¥tvater resources at 

many regions. And this report shows that the study of hydrometeorological change caused 

by an enhanced greenhouse effect wilI be needed more regions， because we have little 

information on these. 

In the tropics， besides climate changes like global warming， the large-scale change of 

vegetation caused by deforestation of tropical rain forest changes a regional hydrological 

cycle and environments. The studies of the hydrology and effects of conversion on the 

moist tropical forests were reviewed by Bruijnzeel (1990). The more specific reviews can 

be summarized as folIows: 

1) The hydrological cycle in moist tropical forests 

2) Nutrient budgets 

3) Hydrological impact of forestation or deforestation 

4) Hydrochemical and soil chemic41l responses to forestation or deforestation 

The method to estimate the evapotranspir41tion as a part of hydrologic41l cycle was reviewed 

by Shuttleworth (1979) and Ste¥礼l41rt(1984). A general distinction c41n be made between 

water balance methoos and micrometeorological techniques. The m41jority of published 

estim41tes for evapotranspir41tion in moist tropical forests has been made by water balance 

methoo. On the other hand， this water balance methcx:l indic41ted some problems th41t the 

catchment study is unable to provide short-term estim41tes of ev41potranspiration such as for 

periods less than a week or inform41tion on thc rel41ti¥'c importancc 01' the various 
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componcnts 01' evapotranspiration. And， arcal precipitation cstimatcd rrom rclativcly littlc 

observation points arc unreliable for larger tropical watershcds， cspcciall y rorcstcd oncs. 

Bruij nzeel (1990) summarised about 20 locations data wi th rcspect to thc ellcじt01' 

land cover transt、0口nationon water yield in the humiJ tropics. Thcrc arc ind uding a fcw 

examples locateJ on the scasonal subtropical forcsts. Hc indiじateJthat the tcchnique so-

called "paired catchment method" is etTective vvay to dear the hydrological impact 01' thc 

deforestation. This method is to compare the hydrological variations on the two or more 

catchments of similar size， geology， slopes， exposure， vegetation and others. These 

watersheds situated dose to one another. The vegetation of a "control basin" was left 

unchanged， and the vegetation or land use of "experi.mental basin" was changed. 

1n his summarises， the paired catchment method was adopted at eleven locations， the 

si te or catchment water balance method was at eight locations and another one location had 

Penman-Monteith method. He indicates that the relatively small catchments show the clear 

relationship between the increase of water yield and a replacement of tall vegetation by a 

shorter one and vice versa. However， the etTects of conversion may be more difficult to 

discem in the case of larger watersheds with a variety land use and vegetation in various 

stages of regeneration. 

Many water balance studies on moist tropical forested catchments were reviewed by 

Kuraji， K.( 1996)， where he classed the study of water balance five categories as follows : 

1) Study to elucidate the individual water balance from observations of the water balance 

elements such as precipitation of watershed， discharge and variation of storage (e.g. 

Doley， 1981; Oyebande， 1988; Bruijnzeel， 1988， 1989， 1990) 

2) Study to calculate the amount of evapotranspiration from observations of precipitation， 

amount of crown interception， variation of soil moisture and others at the tlatland 

wi thout discharge 

3) Study to deterrnine the point evapotranspiration from micro-mcteorological model with 

long-term micro-meteorological elcmcnts and crown intcrccption obser¥'ation data， 

parameterized by the short-terrn direct measurcment of ¥'anation 01' soil moisturc and 

turbulent tl ux( e.g. Calder， el nl.， 198o; Shuttlc¥Vorth， 1988) 
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4) Study to discuss the largc-arcal watcr balanじcfrom land surfacc cvapotranspiration 

presumcd potential evapotranspiration (Climatollogical watcr balancc mcthod) (c.g 

Yoshino， 1984). 

5) Study to presume the amount 01‘ dischargc and variation of storage i n thc largc arωfrom 

atmospheric water balancc based on the four DirnensionaI Data Assirnilation (4DDA) 

(Atmospheric water balance method) (e.g. Matsuyama， 1992; Matsuyama et o!.， 1994) 

Kuraji (1996) reviewed studics of 33 watersheds， 17 countrics about category 1， and 

considered the relationship between annual evapotranspiration and regionaI group， 

elevation of watershed and vegetation. As a resul t of his re¥'iew， i t was clear that an etlect 

of dry season gives more important factor on evapotranspiration of watershed than 

elevation of catchment. This revie¥v showed from comparison with water balance of 

deforested watersheds that the deforestation of tropical forest decreased the 

evapotranspiration. That amount of decrease was equivalent to the evapotranspiration that 

a few month dry season repress. 

He also indicates the one of problems of these studies that the hydrological 

measurements was observed only one hydrological year in a number of studies. In the 33 

watersheds of his review， the watershed with longest observation was 羽fatawala

watershed in Sri Lanka with 21 hydrological years observation (Madduma Bandara and 

Kuruppuarachchi， 1988)， and averaged period of observation was 9.5 years. In the 

tropics， especial1y Sri Lanka has data of long-term hydroclimatological observation. The 

climatological and hydrological observation have been carried out since the mid-nineteenth 

centuryand 1920， respectively. In particular， the precipitation was observed at many tea 

estates in the central highland. Nakagawa et al. (1995) collected and published the 

database of those long-term hydroclimatological observations in S口Lanka.

Johnson and Scrivenor (1981) generalised the regional geography of Sri Lanka. 

They cleared that the differences ot、theagricul tural types depend on the climatological and 

hydrological environments. They minutely analyzed the economical geography on the tea 

production that is one of the major production in Sri Lanka. 
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Onc of the primary surveys on thc natural geography in Sli Lanka had bccn carricd 

out by Farmar (1952，1954). He described the agriculturc， land and watcr use and dcarcd 

those problcms in the seasonal dry area in the Sri Lanka. Domrω( 1978，1979，1981，1984) 

also determined thc agricultural land usc in the who:le islano in particular the relationship 

wi th monsoon. 

Kayane and Nakagawa (l983) studied the water balance of Sri Lanka. They 

illustrated the evapotranspiration of Sri Lanka by the analyses 01' water balance of 70 

watersheds in Sri Lanka， and maoe a comparative study 01' cvapotranspiration with 

potential evapotranspiration calculated by Penman lTlethod. ト~akagawa et al. (1983) also 

compared the heat balance between seasonal dry area and wet area in Sri Lanka from 

micrometeorological observations. 

Kayane el al. (1983) continuously observed longer than one year the water quality of 

grand water and tank water and those water levels in the small drainage basin with 16 small 

village tanks in a shallow valley system located in the seasonal dry area in Sri Lanka. They 

determined the seasonal variations of the electrical conductivity with groundwater level 

variations. As the results of those observations， they indicated the effects of infiltration 

water with salinization or dilution on the groundwater q凶 lity.

One of the study of the seasonal change of groundwater and its hydrochemical 

evolution was carried out by Miyashita (1994). He analyzed the groundwater and rainfalI 

water quality from the wet to dry season. In this studly he discussed the seasonal recharge 

systems that rainfall water wiU infiltrate only wet season from the comparisons of water 

quali ty variations between the stable isotopes and dissol ved matters of groundwater. Song 

(1996) compared the water cycle and groundwater quality among six small catchment areas 

in the individual climatological zones. He cleared the spatial and temporal variations of 

groundwater quality， and discussed the effects on the water quality. 

Madduma 8andara and Kuruppuarachchi (1988) detcrmined the oischarge variation 

from the Peradeniya watershed located in the uppcr Mahaweli Ganga river， Sri Lanka. Thc 

Peradeniya watershcd that thc area is 1108km2 indicated increasing trend of dischargc for 

the wet months of July， August ano Septcmbcr since the 19401s. However， thc discharge 
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for thc dry months 01' January， February and March dcじrcascdslightly. Thcy also 

i ndi catcd that thc trc nd of ann ual preci pi tati on at N u wara EI i Yは， ccntral highland 01' Sri 

Lanka decreased in the last one hundred years. They calculatcd thc land uscじhangcon the 

uppcr Mahawcli Ganga river catchment arca bcl¥veen 19.56 and 1981. In this pcriod， tca 

cultivation and forest arca deじreasedfrom 己1(7r1 lo 39(1r， and from 17(1r) to 150/(， 

respectively. On thc other hand， the homesteads and croplands increased from 70/0 to 1770 

and from 70/0 to 15%， respectively. As the results of those， they dctcrmined the effcct of 

deforestation in the large watershed. 

The climate change around Sri Lanka was reported by Kayane ef a!. (1995). They 

indicated that the precipitation in the southwest monsoon season decreased in the central 

highland of S口Lankasince 1870's. In particular， the trends of precipit以lonwere In 

inverse between the southwest coastal si tes and central highland si te. They discussed the 

effects of the global warming to the hydrological phenomena， that the increase of sea 

surface temperature over the lndian Ocean will intensify the lndian monsoon circulation， 

and the intensified mons∞n increases the coastal windward rainfall in Sri Llnka and 

decreases the mountainous and leeward raInfall. 

The Natural Resources， Energy and Science Authority of Sri じlnka(1991) reported 

the land use change in the whole island between 1956 and 1984. The land use of forest 

and tea cultivation were decrease about 260/0 and 14o/cJ ，respectively. Perera et al. (1992) 

also determined the land use change at central south Sri Llnka using satellite images from 

1977 until 1987. The land use of the area that is 1278km人theelevation changes from 80 

to 1500m changed about 160/0 decrease in evergreen forests and 390/0 increase in 

scrublands. 
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1.2 Objectives of this study 

The present study will deal with the determination of long-term water balancc of Sri 

Lanka and the etlect of environmcntal changes on the water balance. Thc morc spccilic 

objectives of this study can be summarized as t'ollows : 

1) To describe the spatial and temporal variation of individual elements of water balancc 

2) To make clear the regional characteristics of water balance 

3) To investigate the relationship between water balance and the environmental change such 

as cl imate change and Iand use change. 
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Chapter 2 

Descriptions of study area 

Sri Lanka (Democratic Socialist Republic of Sri Lanka) is located in the southcast of 

the subcontinent 01' lndia between the latitude of 5055' N -9051' N， the longitude of 79042' 

E -81053' E (Fig.1). This country has a maximum length of 432 km in the direction of 

north-south. a maximum width of 224 km of east-、west.an area of 65.525km2 and the 

length of the shoreline of about 1，600km. Sri Lanka also had a population o[ 16.99 

million in 1990. The population was about 6.6 times from 1891. The average population 

density was 0.023 people per square kilometer in 1981. 

2.1. Topography 

Sri Lanka has the central highland si tuated in the south-center where many mountains 

over 2，000m such as Mt. Pidurutalagala (7000'N/80046.3'E) of 2，524m above the sea 

level， the highest peak in Sri Lanka， are located. The north and periphery of the central 

highland are low and tlat plain (Fig.2). Sri Lanka cOllld be divided into five topographical 

regions as follows (Fig.3): 

1. The central highland 

This region could be sllbdivided into following three units. 

1.1. The central massif proper. 

This uni t consists of all the mOllnrains of higher then 2，000m and some plateaus 

sllch as the Horton plain national park and the Uva basin famed as the Uva tea. 

1.2. The Dumbara massif 

This llni t located at the northeastern central massif proper. 

1.3. The Bulutota massif 

This unit situatcd at the southwcstcm ccntral massif propcr. 
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2. The south-wcst country 

This region has a charactcristic topography 01' elongatcd parallcl ridgcs cut by thc 

rivers beginning 01' thc central massiL The pattern 01' strcam nctworks shows the 

trellis patterns and so the system 01' drainage is callcd rectangular. 

3. The east and south-east country 

This is a undulating plains dotted with isolated hills. 

4. The northern lowland 

This region has a similar characteristic topography to the East and South-east 

country. 

5. The Coastal fringe 

This region consists of a series of lagoons， marshes， sandbars， spits， peninsulas， 

dunes. and others. 

2.2. Geology 

The island 01' Sri Lanka， like the lndian peninsula and Antarctica， fo口nedpa口of

Gondwana land in the distant geological past. Sri Lanka was never fully submerged by the 

sea. The only major submergence was in Tertiary times when Miocene sediments were 

laid down in the northwestern belt of the island， induding the JaiTna peninsula. As a 

result， about nine tenths of the area of the island is not: covered by any sedimentary rocks. 

Figure 4 sho¥Vs the geological map of Sri Lanka. The Precambrian rocks consist 

predominantly of a sedimentary succession of a variety of rocks now converted under 

lntense metamorphic condition into a succession of well-banded gneisses， granulites， 

quartZltes and crystalline limestone. The Miocene fo口nationscover large areas in the 

northwest and in the Jaffna peninsula. They are importantはquirersused extensively in the 

north for irrigation. The Plcistocene consists of two rormations: an upper red carth 

formation and a lower gra¥'el dcposit. Thosc deposiLI.) li.e in coastal arca. 
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2.3. Climate 

Therc is a markcd contrast in climate due to thcじcntralhighland being surroundcd by 

an extensivc lowland are孔 Thcregional differences in tcmperaturc arc duc to altitudc， 

because there is no tcmperaturc variation due to 1atitllde. Mean annllal tcmperatllre in thc 

lowlands is arounu 270C， with a daily range of a以)utoOC， ground t"rost can sometimcs 

appear in Nuwara Eliya in thc central highlands， where thc mean annual temperature is 

loOC. In most part of the country， uai1y temperature ranges are morc significant than the 

seasonal changes. 

The average annual precipitation in Sri Lanka varies from 9α)mm to 

6，OOOmm(Fig.5). The higher values are e:'¥pe口encedon the western slopes of the central 

highland. The lower val ues are on the northwestem and southeastem lowlands. 

According to the spatial and regional distri butions of preci pi tation， Sri Lanka has been 

divided mainly into three zones， the Wet Zone， the Dry Zone and the Intermediate Zone. 

The climate of island is intluenced by two wind regimes caused by the movement of 

intewopical convergence zone (lTCZ). The southwest monsoon season is from May to 

September and the northeast mons(X)n season from December to February. The 

monsoona1 precipitation is mainly orographic. The precipitation during the two 

inte口nonsoonalperiods， the First Intermonsoon season between March and Ap口1and the 

Second Intermonsoon season between October and November is mainlv convectional. 

Figures 6 and 7 show a seasonal variation of average temperatllre and precipitation 

between 1961 and 1990 at Colombo， Galle， Kandy， Nuwar<l Eliya， Puttalam， Trincomalee 

and Jaffna. Among these cities， Colombo， Galle， Kandy and Nuwara Eliya are under the 

Wet Zone. The othcr cities， Puttalam， Trincomalee and Jaffna are in the Dry Zone. The 

clties located in the Dry Zone show higher temperature than the other cities located in the 

Wet Zone in the southwest monsoon season. As sho¥vn in Fig.7， the Dry Zone has a little 

precI pl tatIon. 
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2.4. Vegetation and land use 

Sri Lank:a is enJ()¥veJ ¥Vith lanJs that can be highly pr(x1uctivc so longωthcy ha¥'c 

adcqωte water. Over two-thirJs 01‘ lanJ arca are IIIはtor unJulating with gcntle slopcs. 

About onc-thirJ 01" Sri Lank:a is agricultural use. Forests anJ wilJlife usc is othcr onc-

third， and the rest is under transport以ion，human settlemcnts， and a ¥'ariety 01' other uses. 

Most gently sloping lands arc within the agriculturally rich arcω01' the Dry Zone， 

but agriculture is also important in thc ccntral highland. Plantation agriculture has 

tlourished from the beginning of the colonial I光 riod.

The natural vegetation of Sri Lanka covers an area of 23，750 k:m2 or 36.5 percent of 

the land area of this country. This incIudes natural plant communities， both high forest and 

open forest. The present land uses of major crops ¥vere paddy， tea， rubber and coconut. 

Those areas at 1982 were 4，995.2 km2 of paddy， 2，071.4 k:m2 of tea， 1，711.5 km2 of 

rubber and 4，162.5 k:m2 of coconut. Figure 8 shows distributions of paddy at 1986 and 

tea cultivation at 1983. 

2.5. Surface water and water use 

Sri Lanka has a radial network of rivers that begin in the central highlands. Some 

103 river basins cover 59，217 km2
. Most identifiable stream basins are less than 100 km2 

and carry water only during the rainy season. Figures 9 and 10 and Table 1 show the 

stream networks， divide of watersheds anJ list of watersheds of Sri Lanka， respectively. 

The watersheds are numbered anti-cIock:wise in the map starting with the Kelani Ganga. 

The largest watershcd 01' S口Lankais the Mahaweli Ganga， covered about 1 oo/c; (l0，327 

km2
) of thc islanJ's land area. 1 t alsoωrries the largcst ¥'01 umc of Jischarge amount. 

Eighty watersheJs numbcred from 19 to 98 in the map aじじountfor the surfacc watcr 

supply 01、theDry Zonc. Four watershcJs rank:i ng after thc Mぬは¥¥'clibelong to thc siχc 
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catcgory of over 2，500 km2
. Eight others rollow in thc category 1，250-2，500 km2. Thc 

median size of the Sri Lankan watershed is 1β4 km2. 

Use and development of water rcsources have been an intcgral part of Sri Lanka's 

heritage. About 12，000 small tanks now irrigate some 2，o90 km2 mainly in thc Dry Zonc. 

Figure 11 shows a schematic diagram of inter-connecled Tank irrigation system. In order 

to supplement the water for seasonal crop in lowland areas of Dry Zone， this tank system 

was developed by the ancients through their empirical observations of the landscape and 

topography. 

Large-scale development of water resources for irrigation and hydropower 

progressed rapidly during the last fifty years. One of the large-scale new irrigation 

systems was started at Pollgola down stream from Peradeniya station from 1976 by the 

Mahaweli Development Project. 
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Tablc 1 List of watershcds of Sri Lanka 

。
Basin Name of basin 

Kelani Ganga 

2 Bol goda Lake 

3 Kalu Ganga 

4 Bentota Ganga 

5 Madu Ganga 

6 Madampe Lake 

7 Telwatta Ganga 

8 Ratgama Lake 

9 Gin Ganga 

10 Koggala Lake 

11 Pol watta Ganga 

12 Nilwala Ganga 

13 Sinimodera Oya 

14 Kirama Oya 

15 Rekawa Oya 

16 Urubokka Oya 

17 Kachi gal Ara 

18 Walawe Ganga 

19 Karagan Oya 

20 Malala Oya 

21 Embilikala Oya 

22 Kirindi Oya 

23 Bambawe Ara 

24 Mahaト;ilawaOya 

25 Butawa Oya 

26 Menik Ganga 

27 Katupila Ara 

28 Kurunde Ara 

29 Namadagas Ara 

30 Karambe Ara 

31 Kum bukkan Oya 

32 Bagura Oya 

33 Girikula Ara 

34 Helawe Ara 

35 Wila Oya 

36 Heda Oya 

37 Karanda Oya 

38 Saymena Aar 

39 Tandiadi Aar 

40 Kangi kadichi Aar 

41 Rufus Kulam Aru 

42 Pannela Oya 

43 Ambalam Oya 

44 GalOya 

45 Andella Oya 

46 Thumpankeni Tank 

47 Namadaka Aru 

48 Mandipattu Aru 

49 Pathanthe Aru 

50 Velt Aru 

Catchmcnt 

area (kmZ
) 

2278 

374 

2688 

622 

59 

90 

51 

10 

922 

64 

233 

960 

38 

223 

755 

348 

220 

2442 

58 

399 

59 

1165 

79 

13 

38 

1272 

86 

131 

108 

斗。

1218 

92 

15 

51 

斗84

604 

422 

51 
ウウ

56 

35 

184 

115 

1792 

522 

9 

12 

100 

100 

26 

Basin Name 01' basin Catchmcnt 

NQ area (kmZ
) 

51 Magalavatavan八ru 346 

52 、v1undeniAru 1280 

53 恥1iyangolleEla 225 

54 Maduru Oya 1.541 

55 PulliyanpOla Aru 52 

56 Kirimechchi Odai 77 

57 Bodigoda Aru 164 

58 トv1andanAru 13 

59 Makarachchi Aru 37 

60 Mahaweli Ganga 10327 

61 Kantale basin 445 

62 Palampotta Ara 69 

63 Pan Oya 143 

か PankulamAru 382 

65 KUllchikumban Aru 205 

66 Pulakutti Aru 20 

67 Yan Oya 1520 

68 恥1eeOya 90 

69 Ma Oya 1024 

70 Churiyan Aru 74 

71 Chavar Aru 31 

72 Paladi Aru 61 

73 Nay Aru 187 

74 Kodalikkallu Aru 74 

75 Per Aru 374 

76 Pali Aru 84 

77 恥1aruthapillyAru 41 

78 Toravil Aru 90 

79 Piramenthal Aru 82 

80 Netheli Aru 120 

81 Kanakarayan Aru 896 

82 Kalavalappu Aru 56 

83 Akk:arayan Aru 192 

84 Mandekal A ru 297 

85 Pallavarayankaddu Aru 159 

86 Pali aru 451 

87 Chippi Aru 66 

88 Parangi Aru 832 

89 Nay Aru 560 

90 Aruvi Aru 3246 

91 Kal Aru 210 

92 Modaragam Aru 932 

93 Kala Oya 2772 

94 Moongil Ara 牛1

95 r~v1i Oya 1516 

96 Madurankuli Aru 62 

97 Kalagamu Oya 151 

98 Rathambala Oya 215 

99 Deduru Oya 2616 

100 K.arambalan Oya 589 

101 Ratmal Oya 215 

102 吐ahaOya 1510 
司
令
』

ハV
-
E
-
&
 

ttanagal u Oya 727 
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Chapter 3 

Data Sources 

The data 01' hydrodimatological observation 01' S口Lankain this study wcre 

employed 1'rom the databook 01' "Longterm Hydrometeorological Data in Sri Lanka" edited 

by Nakaga¥va et al. (1995). The databook is the first part o{' a t¥Vo-part data book， based 

on the project "Hydrological Cyde in Humid Tropical Ecosystems" conducted as Field 

Research of Intemational Scientific Research Program for 1992-1994， No.04041023， 

financially supported by the Monbusho (Ministry of Education， Science， Sports and 

Culture). This study was carried out in relation to the IGBP， "Biospheric Aspects of the 

Hydrological Cyde" and the IHP-IV Project， "Water Balance and Water Resources in 

Humid Tropics and Warm Humid Areas." 

The sea surface temperature data set compiled by the United Kingdom 

Meteorological Office (UKMO SST) was offered by Prof. T. Yasunari， Institute of 

Geoscience， Tsukuba University. This is a monthly summary of the sea surface 

temperature reported by ships for every 50 x 50ωean square around the island of Sri 

Lanka. 

The monthly surface air temperature and monthly precipitation data were collected 

from the original manuscripts of the Department of Met:eorology in Colombo in principle. 

However， the data of main meteorological stations during the period form the beginning of 

observation to 1980 were already collected and published by Yoshino and Suppiah (1982). 

Precipitation data were also quoted from the Masterplan for Electricity Supply of Sri Lanka 

(1987)， which is a study carried out on behalf of the German Agency for Technical 

Cooperation by a jointωventure consortium of Lahmeyer International-deじon，Consul ting 

Engineers 1'rom Frankfurt， FR Germany， in collaboration with the Ceylon Electricity 

Board， thc Central Engineering Consultancy Burcau and other Sri Lankan Government 

Institutions. AIl the stations for surl斗ceは1r tem perature and prcじipi tation arc not onl y listed 

In Tables 2 and 3， but are also plotted in Figs. L2 and 13， rcspccti¥'cl) 



The monthly discharge data were extracted from thc Hydrological Annual Rcport 

published by the Hydrology Oivision， Irrigation Ocpartmcnt， Ministry of Lands， Irrigation 

& Mahaweli Oevelopment and the Masterplan for Electrici ty S uppl y of Sri Lanka ( 1987). 

The stations for dischargc are listed in Table 4， and the Ilocations arc plotted in Fig.14. The 

station number in Table 4 based on the hydrometric station cording system established for 

the Maste中landata base. These consist simply of a normal four or five tigures cord as 

follows: 

NO.bbss or NO.bbbss (3.1.) 

where長12or b b b are river basin number from 01 to 103， U is chronological sequence 

number in the watersheds. In Fig.14， each plot is marked only the chronological sequence 

number of the cording system. 

For the land use analyses of this study， land use maps listed in the Table 5 were 

used. 
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Table 2 List of stations for air temperature 
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1993 
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1993 

1993 
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1993 
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3 Jaffna 

15 Mannar 

23 Trincomalec 

32 Anuradhapura 
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70 Batticaloa 

86 Kurunegala 

104 Kandy 

167 Badulla 

171 Nuwara Eliya 

186 Colombo 

223 Ratnapura 

272 Hambantota 

275 Galle 

O 
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167 : Badulla 

-+ 10
0

0州

す 8∞'N

70 : BatticaIoa 

186 : Colombo _・
171 : Nuwara Eliya 

• 223 : Ratnapura 

272 : Hambantω すωN

80∞'E =二二コ 8T 00' E 
O 50 100 km 

Fig.12 1ρcation of air temperature observation 
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Table 3 List of stations for precipitation 

Pcnod 
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2 Kankesanturai 

3 Jaffna 

4 Elephant Pass 

7 Killinochchi-cattle Farm 
8 Iranamadu Ta凶〈
9M叫laitivu

11 Kannukkeni T a出

13 VavwlIktuam 

14 Kanakarayankulam 

15 Mannar 

18 Murunkan 

19 Padawiya 

20 Vavuniya 

21 Cheddikulam 

22 Kebethigollewa 

23 Trincoma1ee 

24 Marichchakuddi 

25 Horowupathana 

26 Madawachchiya 

27 Allai Ta叫正

29 Anuradhapura Expl. Stn. 
30 Kantalai Ta出

31 Mihintale 

32 Anuradhapura 

33 Kal Aar 

34 Nochchiyagama 

35 Nachchaduwa 

38 Karaitivu 

斗2Kaudulla Wewa 

43 Maha Illuppallama 

45 Tabbowa Irrigation 

46 Hingurakgoda Agr 
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49 Putta1am 

52 Kalawewa Tank 
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63 Angamedilla 
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Station mane No. 
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( continued) Table 3 
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Station manc 

80 Batalagoda Tank 

81 Maha Oya 

85 Wiharagama estatc 

86 Kurunega1a 

87 Mata1e PWD 

88 Wari yapola 

89 Horal巴lle

90 t、~illoomally estate 

91 Elkaduwa 

92 Woodslee 

94 Kankaniyamulla 

95 Gonawella 

96 Horaborawewa 

97 Kobanella 

98 Galphela 

99 Polgamahela 

104 Kandy 

105 Aluthnuwara 

106 Morayaya 

107 lddemekelle Estatc 

108 Kempitikande 

109 Eraminigolla 

110 Ra jawella Estate 

111 Ambanpitiya 

112 Ampara Tank 

113 Peradeniya Gardens 

115 Wa1pita 

116 Mapakadawewa 

117 Woodside estate 

118 Kadugannawa 

124 Negombo 

125 Kirimetiya Estatc 

126 Minipe Irrig. 

128 Haguranketha Group 

129 Kandaketi ya 

130 Pindeniya 

131 Meeriyatenna 

132 Pathigama Estate 

133 Bibile Dispensary 

135 Kattmayake 

136 Pasyala 

137 New forest 

138 Aranayake 

139 Orwell Estate 

140 Luga1 Oya 

141 Undugoda 

142 Sagamam Tan.k 

143 Sogama Estate 

145 Meddegoda 

146 Hope Estate 

147 Kellie Estate 

148 Henarathgoda Bot Grnd 

149 Udemedura 

150 Hel boda N orth 

151 Helhodde Estate 

state 

No 

1494 

834 
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( continued) Table 3 
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152 Maha Uva Estate 

153 Kurundu Oya 

154 Nawalapitiya 

155 Mahadowa Estate 

156 Welitalawa 

157 Keenakcl1e 

158 Oonagal1a Estate 

159 Legerwatta Estate 

160 Liddesd1e Estate 

161 Labookel1e Estate 

162 Ingoya Estate 
163 Blackwater 

164 Kenil w orth 

165 Kirk1ees Estate 

166 Kandaploa 

167 Badulla 

168 We¥再'esseEstate 

169 Watagoda 

171 Nuwara Eliya 

172 Watawala 

173 Arslena 

174 Nanu Oya 

176 Limyaga1a Group 

177 Udahe出 ande

178 Hakga1a Botanical Gd 

179 Lower Spring va11ey 

181 Mousagalla 

182 Awissawella 

183 Norton Bridgc 

184 Abergeldie Group 

186 Colombo 

188 Welimada Group 

189 Gourukella 

191 Hatton Police Station 

192 Ma1i boda 

193 Arnbewela 

194 Pottuvil 

195 Strathden 

196 Luccombe Estate 

197 Erabedda Patnas 

198 Hapugastemla Estate 

199 Annfield Estate 

200 South Wanarajah 

201 Holmwood Estate 

202 Eheliyagoda 

204 Sandringham Estate 

205 Maskeliya Hospital 
206 Norwood (New Vallcy) 

209 Ohiya Forest 

210 Ratma1ana 

211 Diyatalawa 

212 West Haputale Estate 

213 Kumbukkan 

214 Campion Estate 

215 Rayigama 

Station mane No. 
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( continued) Table 3 

198-+ 

1990 

1993 

1994 

1993 

1973 

1959 

1993 

1993 

1954 

1984 

1994 

1994 

1975 

1985 

1985 

199..+ 

1978 

1994 

1994 

1994 

1969 

1994 

1970 

1980 

1985 

1994 

1980 
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1980 

1985 

1993 

1971 

1985 

1991 

1980 

1963 

1961 
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1994 

1994 

199..+ 

1963 

1993 

1991 

1994 

1993 

1980 

1980 

Penod 

19..+9 -

19-+0 -

1912 -

1940 -

1932 -

1949 -

1948 -

1869 -

1955 -

19..+9 -

1955 -

1940 -

1940 -

1944 -

1949 -

1949 -

1952 -

1955 -

1940 -

1955 -

1940 -

1949 -

1942 -

1949 -

1949 -

19圭4

1959 -

1923 -

1949 -

1878 -

1954 -

1940 -

1952 -

1952 -

1943 -

1871 

1949 -

1949 -

19-+0 -

19..+0 -

19-+0 -

1940 -

1949 -

1869 -

1940 -

1940 -

1869 -

1880 -

1871 -
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Station mane 

216 Nagarat Estate 

217 PanawaT組 K

218 Detanagalla 

219 Bandaragama 

220 Alupolla Group 

221 Rassagala Estate 

222 Keenagala Ella 

223 Ratnapura 

224 Lellopitiya Estste 

225 Massena 

226 Horagoda Estate 

227 Kalutara P.W.D. 

229 Balangoda Post Office 

230 Ginnihiriya 

231 Pelmadulla 

232 Mahawelatenna 

233 Cl yde Es tate 

23..+ Watapota 

235 Gonapenigala Iranganie E. 
238 Wellandura Estate 

239 Hambegamuwa 

240 Kokawita 

241 Depedena Group 

242 Vedagala 

24+ Kumbaduwa Estate 

246 Lauderdale Group 

247 Pelawatte 

248 Yala 

250 Panilkande Estate 

251 Annigkande 

253 Tawalama 

2生~ Embilipitiya lrri. Ta凶E

256 Hingalgoda Estate 

257 Millewa Estate 

258 Balapitiya 

259 Tissamarama 

260 Opata 

261 Morawaka 

262 K.irama 

264 Mawarella Estate 

266 Baddegama Estate 

268 Mamadola 

270 Maliduwa 

272 Hambantota 

273 Ellawella T組 K

274 Labuduwa 

275 Galle 

276 Dandeniya Tank 

277 Kekanadura 
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Table 4 List of statIons for discharge 

胃nod

1924 -1960 

1948 -1993 

1948 -1982 

1948 -1993 

1948 -1993 

1948 -1993 

1948 -1969 

1948 -1974 

1956 -1993 

1956 -1958 

19生+-1986 

1960 -1967 

1962 -1993 

1973 -1993 

1983 -1986 

1943 -1993 

1950 -1993 

1954 -1979 

1956 -1979 

1956 -1993 

1956 -1993 

1958 -1966 

1973 -1993 

1973 -1979 

1977 -1993 

1927 -1993 

1973 -1993 

1973 -1979 

1940 -1993 

1972 -1979 

1972 -1979 

1973 -1989 

1975 -1993 

1947 -1961 

1942 -1968 

1942 -1948 

1954 -1962 

1956 -1960 

1984 -1986 

1957 -1961 

1958 -1986 

1958 -1967 

1963 -1971 

1951 -1965 

1964 -1979 

1963 -1965 

1956 -1958 

194+ -1979 

1955 -1962 

1956 -1993 

1967 -1990 

19+4 -1993 

Bev. Discharge 

(m) area (km2
) 

o 2085 

18 1463 

20 606 

26 345 

82 152 

56 388 

1158 122 

26 329 

1100 95 

1027 114 

85+ 168 

10 1884 

53 155 

16 1782 

900 131 

2 2598 

17 769 

18 329 

13 629 

..... 1393 

29 220 

10-+ 76 

200 334 

28 136 

1斗 604

10 696 

27 361 

17 498 

18 牛+2
2 958 

24 70 

26 333 

6 601 

62 141 

31 1580 

17 2284 

46 166 

594 49 

820 42 

76 1155 

364 353 

64 269 

117 261 

36 366 

427 23 

108 99 

70 109 

35 913 

487 5.5 

15-+ 160 

81 291 

34 787 
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0101 Nagalagarn Street 

0102 Glencourse 

0103 孔1etiyadola

01かA1godabridge 

0105 Deraniyagala 

0106 Kitulgala 
0107 Mossakelle 

0108 Imbu1ana 
0109 Norwood 

0109A Castlereigh 

0110 Laxapana 

0111 Kaduwela 

0112 Holombuwa 

0114 Ham再，ella

0115 Norton Bridge 

0301 Putupau1a 

0302 Millakanda 

0303 Mal wala 

03住~ t、Jambapana
0305 Ellagawa 

0306 Dela 

0307 Lellopitiya 

0308 Kuku1egama 

0309 MagllfU Ganga 

0310 Ratnapura 

0901 Agaliya 

0902 Jesmin Dam 

0903 Udugama 

1201 Bopagoda 

1202 N amimana 

1203 Hu1anduwa 
12似 Bingamahara

1205 Kadduwa 

1601 Julampitiya 

1801 Embilipitiya 

1802 Liyanagahatota 

1803 Halrnillaketiya 

18か BelihtuOya 

18α~A Belihu1 Oya 

1805 Uda Walawe 

1806 Samanalawewa 

1807 Timboll∞tiya 

1808 Weragala 

1809 Mahagama 

1810 Mawigala 

1811 Waguregama 

1812 Modarawana 

2201 Lllnuganwehera 

2202 Poonagala 

2203 羽Tellawaya

22か KudaOya 

2601 Kataragama 

Station mane No 
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Table 4 (continued) 

Penod 

1957 -1961 

1973 -1993 

1974 -1989 

1974 -1979 

1946 -1957 

1945 -1993 

1951 -1957 

1958 -1960 

1953 -1962 

1945 -1968 

1937 -1949 

1984 -1991 

19.+2 -1979 

1945 -1991 

19判 ー 1981

1946 -1961 

1953 -1960 

1980 -1988 

1946 -1979 

1951 -1979 

1981 -1986 

1941 -1993 

1941 -1959 

1952 -1993 

1943 -1993 

19牛l-1978 

1943 -1960 

1945 -1993 

1946 -1993 

1946 -1981 

1946 -1976 

1951 -1978 

1952 -1965 

1952 -1961 

1953 -1980 

1954 -1978 

195+ -1983 

19主l-1979 

1953 -1958 

1955 -1966 

1957 -1977 

19.54 -1993 

1957 -1966 

1957 -1991 

1958 -1986 

1958 -1966 

1958 -1962 

1959 -1978 

1958 -1978 

1959 -1978 

1960 -1973 

1963 -1979 

l~cv . Di schargc 
(m) area (km2

) 

137 259 

160 216 

81 375 

70 302 

9 4かi

55 295 

38 409 

24 471 

35 145 

34 95 

42 995 

195 188 

36 119 

48 225 

4-+ 159 

39 300 

23 1295 

-+8 137 

29 1068 

61 .+53 

118 158 

32 7418 

84 199 

67 1363 

斗63 1167 

425 1418 

243 126 

76 -+092 
133 77.+ 

640 555 

88 .+5 

.+93 951 

23 7529 

15 8618 

78 357 

.+11 160 

1.+1 2365 

126 387 

106 91 

121 196 

829 65 
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578 169 
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8 9606 

578 188 
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366 1653 

1070 179 
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Station mane 

Kumbukkana 

N泊三kala

Maligawila 

Maligawila 

Wedagama 

Si yambalanduw a 

Heda Oya Dam Si te 

Lahugala 

Hulange 

Thottama 

IngIniyagala 

Pitakumbura 

Periya Aru 

Weragoda 

Nilobe 

Mahaoya 

Rugam 

Pollebedda 

We1ikanda 

Kandegama Dam Site 

Maduru Oya Bridge 

Manampitiya 

Galoya Junction 

Angamcdilla 

Peradeniya 

Gurudeniya 

Nalanda 

明reragantota 
Elahera 

Morape 

P.羽r.D.Bridge 

Gampola 

Kandakaduturai 

Nadumodara 

lnhitiya 

Teldeniya 

Randenigala 

Kandaketi ya 

Gadllgudawaa 

Meegahakiula 

Watawala 

Talawakel1e 

Bawagarna 

Talawakanda 

Allai Kantalai 

Mallanda 

Bowatenna 

Holbrook 

Victoriya 

Welimada 

Well引再，ella

Moragahamulla 

No. 

3101 

3102 

3103 

31似l

3501 

3601 

3602 

3603 

3701 

4201 

ギωl
ギω2
5101 

5201 

5202 

5203 

52住l
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.5401 

5402 

主的3
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6002 

6003 

60αl 
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6006 
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6009 

6010 
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6018 

6019 

6020 

6021 

6022 

6023 

6024 

6025 

6026 

6027 

6028 

6029 

6030 

6032 
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Table 4 (continued) 
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Pcnod 

1979 -1986 

1983 -1993 

1920 -1960 

1954 -1962 

1953 -1978 

1954 -1960 

1955 -1962 

1957 -1959 

1958 -1960 

1958 -1960 

1958 -1960 

1977 -1979 

19-1-2 -1949 

1946 -1981 

1951 -1993 

1951 -197-1-

1972 -1979 

1979 -1993 

1976 -1979 

1980 -1985 

1980 -1985 

1948 -1989 

1945 -1959 

1955 -1972 

1945 -1964 

1957 -198-+ 
1958 -1993 

1971 -1979 

1971 -1979 

1977 -1983 

1977 -1983 

1954 -1985 

1960 -1979 

194斗 ー1983

19-1-5 -1947 

1945 -1962 

19斗9-1993 

1978 -1989 

19-1-7 -1993 

1953 -1993 

1958 -1993 

1950 -1993 

1971 -1986 

1971 -1984 

Elev. Discharge 

(m) arca (km 2) 

114 3113 

1280 183 

1827 23 

77 115 

6-+ 4530 

533 103 

-+67 1066 

3-1- 5501 

86 116 

271 280 

870 3-1-

182 34 

120 200 

21 1311 

-+-+ 942 

31 91 

98 315 

70 110 

10 303 

65 133 

40 560 

36 2117 

18 3071 

77 3ι4 

57 15ιl 

2-1- 1948 
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64 1160 

65 117 
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Caledoniya 
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Table 5 List of maps 

Map Scale Region Published Data Source 

八erial photographs Satellite Images 

Scale Observation Sattelite Date 

Tea Map 11500000 Whole island 1988 11斗0000 1956 

1/20000 taken after 1979 Landsat 

1/50000 taken after 1979 

Land use Map 11100000 Kurunegala District rcb. 1985 1/50000 Feb.1981 Landsat，2 1978-06-22 

Landsat.2 1980-02-07 

Landsat，3 1983-01-0-+ 

11100000 Puttalam District Aug. 1985 1150000 Feb.Mar.1981 Landsat，2 1980-02-07 

}'10000 Mar.1981 Landsat，3 1983 -0 1-0-+ 

1/-+0000 Feb.Mar.1956 

11100000 Kandy and Mar. 198斗 1150000 Jan. Feb. May 1981 Landsat，2 1978-06-22 

Nuwara Eliya District 123000 Fcb. 1979 Landsat，2 1980-02-06 

1/100000 Ratnapura District Dec. 1987 1/50000 Jan. Feb. 1981 Landsat，2 1980-02-06 

1120000 Jan. May 1982 Landsat.2 1983-0-+-1斗

1/20000 Feb. Mar 1983 

1120000 Jan. Oct.1984 
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Chapter 4 

Method 

4.1 Analysis of spatial and temporal variations 

of temperature and precipitation 

Temporal variatiQn of temperature and precioitation 

The temporal variations of air temperature and precipitation are determined by a trend 

analysis. The monthly and annual trends of air temperature and precipitation are calculated 

using the data observed over 100 years as shown in Tables o and 7. The temporal 

variations of SST around the island of Sri Lanka， the latitude of 00 -100N， the longitude of 

75
0 

-85
0

E， are also dete口nined by the trend anal ysis. 

The trend of temperature and preci pi tation was calculated from the regression 

equation obtained from the results using a least square method. The regression equation 

can be expressed as 

Y=aX+b ( 4.1.) 

where a is regression coefficient and b is y-interception. 

Spatial variation of temperature and precipitation 

The spatial variations of the trend ofむrtemperature and precipitation are illustrated 

by the isopleth of regression coefficients of the trend analysis. 

4.2. Water balance 

1n general， when considcr the water balance in Sri Lanka， the calculation period of 

the water balance is set as the hydrological year from October to Scplcmbcr. On the othcr 

hand， most climatological observations wcre aggrcgatcd in thc pcriod sct to the calcndar 
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year. The water balances calculated for the hydrological ycar and calcndar ycar in the 

several watersheds show the almost same conscquenじc(Fig.15). 1n this Fig.15， arcal 

prccipitations 01' watersheds were estImated by the arithmetic mcan meth伐j， From thosc 

water balances calculated 1'or the hydrological year and calendar ycar havc little dirt‘crence， 

this study adopted the calendar year 1'or the calculation 01' water balancc. 

4.2.1. Areal precipitation 

It is not accomplished to measure the true amount 01' areal precipitation of watershed， 

nevertheless the importance. The methods to estimate the amount of areal precipitation of a 

watershed are listed as follows. 

Ari thmetic mean method 

This is an unweighted mean method to average all the observations of precipitation in 

the catchment area. When the rainfall amount at n points in the catchment are given by the 

Pl， P2， ... ， and Pn， the averaged areal precipitation ( P ) is calculated by the following 

equatlon: 

p=占x(P1+P2+... +九) (4.2.) 

Grid method 

This is a method to average the precipitation of node calculated from isohyet or 

others. 

1n this study， the rcsults 01' the annual water balance calculated by the arithmetic 

mean method and the grid method were compared. As the rcsults 01' comparison for the 

maJor watersheds， the areal preci pi tation calculated by thc ari thmetic mean method showed 

a little overestimation as shown in Fig.lθ. 
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4.2.2. Annual water balance 

In generally， water balancc equation can be exprcsscd as 

P = Q + Et +企S (4.3.) 

where P is precipitation， Q is discharge， Et is evapotranspiration and dS is storage change. 

The storage change is negligi ble when water balance is considered over longer than one 

hydrological year. 

In this study， the annual water balance of watershed is computed from monthly areal 

preci pitation calculated by grid method using l' x l' grid and monthly discharge data as 

follows : 

ミlPJlqJlEtn 

where 1 to 12 indicate month as January tゆ ωmber，~ Et n is annl叫 waterloss 
n= 1 

4.3. Land use for each catchment area 

(4.4.) 

The data set for the major land uses such as paddy and tea cultivation were made by 

the numeric data of 5∞m x 500m square grid. The land use and elevation data sets were 

also made by numeric data of 500m x 500m square grid for the major watershed such as 

Malwala watershed (0303) of Kalu Ganga River， Peradeniya watershed (6004)， Morepe 

watershed (6009)， Watawala watershed (6020)， Talawakelle watershed (6021)， Holbr∞k 

watershed (o027) of Mahaweli Ganga River， Mahauswewa watershed (9501) and 

Tabbowa watershed (9502) of Mi Oya Ri ver. 
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Table 6 List of stations of air temperature observed over 100 years 

Meteorological st. Lat.(N) Long.(E) Elev. Pcriod Number Re~ession line Coefficicnt 
o 

" 
o H (m) of years of annual air temperature 

(Y=aX+b) (r) 
a (OC/year) b (OC) 

Galle 6 2 80 13 13 1869 -1992 123 0.0002 26.2 0.0005 

Hambantota 6 7 81 8 16 1869 -1992 123 0.0035 ** 20.-t. 0.1247 

Ratnapura 6 -+1 80 2-+ 3-+ 1869 -1992 123 0.0055 ** 16.5 0.164s 

Colombo 6生4 7952 7 1869 -1992 124 0.0012 2-1-.8 0.0181 

Nuwara Eliya 6 58 8046 1895 1869 -1992 122 0.0101 ** --+.2 0.5498 

Badtu1a 6 59 81 3 670 1869 -1992 12-+ 0.0053 ** 13.0 0.2132 

Kandy 720 8038 -+77 1870 -1992 123 ー0.0007 26.0 0.0035 

Kurunegala 7 28 8022 116 1885 -1992 123 0.0010 ** 25.8 0.014斗

Batticaloa 7 43 81斗2 3 1869 -1992 123 0.0010 25.8 0.014-+ 

Puttalam 8 2 7950 2 1869 -1992 124 0.0091 ** 9.7 0.-t.337 

Anuradhapura 8 21 8023 93 1870 -1992 122 0.0051 ** 17.5 0.1757 

Trincomalee 835 81 15 3 1869 -1992 121 0.0031 ** 22.3 0.0607 

Mannar 8 59 7955 -+ 1870 -1990 117 0.0008 26.5 0.0056 

Jaffna 939 80 4 1869 -198-+ 115 0.0027 ** 22.4 0.0550 

(Remarks * significant at出e5 % of significance level ) 

(Remarks ** : significant at the 1 % of significance level ) 
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Table 7 List of stations of precipitation observed over 100 years 

Metcorological st. Lat.(N) Long.(E) Elcv. Period Number Regressionline Coefficicnt 
。 H D 『

" (m) of years of annual precipitation 

(Y=ru¥:+b) (r) 
a b 

Kekanadura 559 0 8036 0 ~9 1871 -1980 110 0.580 708.8 0.0019 

Dandeni ya T a叫正 55930 80 39 20 .+9 1880 -1980 101 -0.956 3697.7 0.0035 

Galle 6 2 80 13 13 1869 -1992 125 0.820 795.4 0.0052 

Hambantota 6 7 81 8 16 1869 -1992 124 0.842 -603斗 0.0133 

丁目samarama 6 16 20 81 12 10 24 1871 -1980 110 0.3~ 306.3 0.0025 

Anningkande 6 20 50 80 36 10 533 1878 -1980 103 ー0.019 3619.6 0.0000 

Ratnapura 6 41 8024 34 1869 -1992 125 ー1.119 5981.8 0.0071 

Campion Estate 647 8042 1820 1885 -1993 98 ー1.970 6261.9 0.0289 

Sandringham 650 10 80.+5 0 1601 1881 -1993 106 0.99'+ 228.8 0.0068 

Holmwood Estate 6 51 80 .+2 1585 1881 -1993 102 -6.507 ** 1509l.9 0.1594 

Colombo 654- 7952 7 1869 -1992 125 3.276 *本 -'+073.3 0.0579 

Gourukella 6 ~ 0 81 5 0 1189 1877 -1980 lW -0.102 2589.4 0.0000 

Awissawella 6 55 10 80 11 0 229 1871 -1980 110 0.959 2105.9 0.0033 

Hakgala 6 5530 80 9 0 1701 1883 -1993 55 斗.672** 11241.7 0.1924 

Nuwara E1iya 6 58 80 -+6 1895 1869 -1992 125 -5.133 ** 12109.1 0.2121 

Badulla 659 81 3 670 1869 -1992 125 -2.223 * 6114.2 0.W20 

Kurundu Oya 7 .+ 25 80 50 10 1570 1882 -1993 100 3.078 -3178.6 0.0363 

Sagamam Tank 7 7 35 81 48 40 12 1872 -1980 109 1.87.+ -2030.7 0.0201 

Negombo 7 13 0 79 50 10 3 1871 -1980 110 3.029本 -39'+0.4 0仏l72

Ambanpitiya 7 14 15 80 19 35 201 1871 -1980 105 -5斗22** 12363.3 0.1306 

Ampara Tank 7 17 10 81 39 55 27 1876 -1980 105 -5.422 ** 12363.3 0.1306 

Kandy 720 8038 .+77 1870 -1992 123 -2.793 ** 7↓B.l 0.0788 

Horakelle 7 27 0 79 51 0 15 1869 -1980 112 0.7-+6 279.9 0.0035 

Kurunegala 7 28 80 22 1 16 1885 -1992 109 0.006 2084.9 0.0000 

Matale PWD 7 28 8037 369 1871 -1980 110 -3.026 * 7804.3 0.0370 

Batticaloa 7 .+3 81斗2 3 1869 -1992 12.+ 0.567 555.7 0.0030 
Puttalam 8 2 79 50 2 1869 -1992 125 0.285 605.0 0.0014 
Anura品lapura 8 21 8023 93 1870 -1992 124 -0.933 3182.5 0.0123 
Kantalai Ta凶〈 822 0 81 0 22 76 1876 -1980 105 -3.980 * 9404.9 0.0909 
Allai Ta凶王 8 24 10 81 18 ~O 6 1876 -1980 105 -9.410 ** 19818.0 0.2581 
Trincomalee 8 35 81 15 3 1869 -1992 122 0.428 801.2 0.0018 
Mannar 8 59 79 55 ~ 1870 -1990 117 ー0.038 lW6.6 0.0000 
Mullaitivu 9 16 80 51 2 1871 -1980 118 0.223 9~7.3 0.0005 
Jaffna 939 80 ~ 1869 -1990 118 0.091 1082.7 0.0001 

(Remarks * significatl1t at出e5 % of significance level ) 

(Remarks料 significantat the 1 % of significance level ) 
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Chapter 5 

Results 

5.1. Spatial and temporal variations of temperature 

5.1.1. Sea surface temperature 

To clear the temporal variations of S.ea S.ur1'ace工emperature(SST) around the island 

01' Sri Lanka， between the longitude 01' OON and 10oN， the latitude 01' 750E and 850E， the 

trend analysis was made 1'or the annual averaged SST. Figure 17 and Table 8 show the 

results of trend analyses. The results 01' t-test show that the trends 01' SST are significant at 

the 1 % of significance level. All sea areas around Sri Lanka show the increasing trend of 

SST， and the regression coetTicients are about 0.86 -0.95 oCIlOO years. The trends and 

pattems of the SST around Sri Lanka indicated the almost same variation wi th the Northem 

Hemisphere COADS SST reported by Jones and Bradley， 1991. 

5.1.2. Air Temperature 

The time series of annual air temperature at seven observation stations in Sri Lanka 

of Colombo， Galle， Kandy， Nuwara Eliya， Puttalam， Trincomalee and Jaffna are shown in 

Fig.l8. The seasonal variations 01' regression coefficients of monthly air temperature of 

same observation stations as Fig.18 are represented in Fig.19. Figure 18 shows that Sri 

Lanka had two warm pericxis in the last one hundred years. The tirst period was in the 

1920's and the other period was in the 1980's. The long-term variations of annual air 

tempera加reshows the contrasti ve variation before the 1920's and after. The variations 01' 

former period show stcep changes and regional ditTerencc， while the variations in the lattcr 

period show that the temperature had gentle increase. As shown in Fig.19， almost all 

50 



stations excluding Kandy show Increasing trend of annual tempcraturc. 1n particular， 

about + l.ooC of increasmg trcnd of air temperaturc arc exhibited at Nuwara Eliya 

(+1.0140C/l00 years) in the central highland area and Puttalam (+O.9130CIlα) ycars) in 

the Dry Zone at the west seaside. The stations 01' Puttalam， Trinじomalceand Jatlna locatcd 

in the Dry Zone indicate a strong trend of increasc of air temperature during the southwest 

monsoon season from June to September. 

Figure 20-a to Fig. 20-1 show the isopleths on the regression coef1'icients of monthly 

山 rtemperature 1'rom January to December， and Fig.20-m shows the isopleth of annual air 

temperature trend. Those isopleths were 1'igured by the regression coefficients calculated 

by the trend analyses 01' 14 stations listed in Table 6. The results of t-test show that the 

trends of air temperature at almost all stations excluding coastal stations with small trend of 

air temperature were signi1'icant at the 1 % of signi1'icance level. Figure 20-m shows that 

the trends on the coast excl uding around Puttalam 1∞ated in the Dry Zone on the west 

coast are less than +0.4 oCI100 years， smaller than inland area. The spatial variation is 

illustrated that the trend 01' air tempera凶reincrease toward central highland. From monthly 

maps of distribution of isopleth， it is clear that almost all areas of island show increasing 

trend during the period of the southwest mons∞n season 1'rom May to September. 

Figure 21 shows the secular change of lapse rate. This lapse rate was calculated on 

the every year since 1869 using a least square method from annual air temperature of 14 

stations listed in Table 6. The maximum value of the lapse rate is 0.6940C1100m in 1875， 

and the minimum is 0.5920CI100m in 1990. The average 01' 124 years is 0.6340C/100m， 

and the lapse rate decreases 0.0380C/1∞m in 100 years. This means that the temperature 

dif1'erence between the di1'rerent heights decreases. 1n the case 01' Sri Lanka， it is showed 

that the increase 01' air temperature at the central highland exceeded at lowland area. 

The century-Iong variations of surface temperature at major stations in Sri Lanka and 

the SST on the west part of the island were reported and discussed by Kayane et al. 

(1995). As the results of analyses of air temperature in this chapter， it is clear that the 

tatlOns 1∞ated in the Dry Zone and the stations located in the Wet Zone of the west coastal 

area show the differe 
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coastal area in the Wet Zone such as Colombo and Gallc indicatc fc¥¥' incrcascs of the 

trends. The same tendency was reported by Kayanc et 01. (1995). On thc othcr hand， thc 

trend of Puttalam station located on the west coastal arca in the Dry Zonc shows an intense 

increase in surface temperaturc. As a consequencc of regional dilTercncc in the trcnds on 

the west coastal area， i t was considered that arcal differencc 01' Sri Lanka， Dry Zonc and 

Wet Zone， has different causes or response for the warming. 

5.2. Spatial and temporal variations of precipitation 

The time series of annual precipitation at seven observation stations in Sri Lanka of 

Colombo， Galle， Kandy， Nuwara Eliya， pu川ltt凶alam，Trincomalee and Jaf口I

Fi氾g.22.The seasonal variations of regression coefficient of monthly precipitation of same 

observation stations represented in Fig.22 are shown in Fig.23. 1n Fig.23， stations of a) 

to d) are located in the Wet Zone， and stations of e) to g) are located in the Dry Zone. The 

stations located in the Wet Zone indicate the decreasing trend of annual precipitation after 

the 1950's. Figure 23 shows that the stations are classified into three regions according to 

the pattem of seasonal variation of regression coefficient， those regions are stations 

Colombo and Galle located in the south west coast of Wet Zone. stations Kandv and 

Nu丸，varaEliya located in the central highland of Wet Zone and stations Puttalam， 

Trincomalee and Jaffna located in the northem lowland of Dry Zone. Figure 23 indicates 

that the regression coefficient in the Dry Zone show close to zero. However， the 

regression coefficient in the Wet Zone show the variety. 

Figure 24-a to Fig.24-1 show the isopleths of the regression coefficients of monthly 

precipitation from January to December， and Fig.24-m shows the isopleth of annual 

preci pi tation trend. Those isopleths were figured by the regressionじL下efficientscalじu!ated

by the trend analyses of 34 stations listed in Table 7. Some stations showing notable trend 

of precipitation such as Colombo and Nuwara Eliya are significant以 the 1 o/c，l 01' 

significance level. As shown in Fig.24-m， the distribution 01' trend of thc annual 
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precipitation show that the increasing areas 01' the trend distributcd around Jatlna 

peninsula， north 01' island and west and southeast coast. Howe¥'cr， thc most dccrcasing 

areas distribute around Nuwara Eliya， the central highland rcgion and near Trincomalee 01' 

east coast. From monthly maps of the isopleth， it is clear that large areas in and around 

central highland show decreasing trend in thc southwcst monsoon scason from May to 

September. Those figures indicate that the area arounu near Trincomalee， upwinu area 01' 

northeast monsoon， shows the decreasing trend from November to January. 

Figure 25-a to Fig.25-1 show the relationship bet¥veen the elevation of obser¥'ation 

stations and regression coefficients of each monthly precipitation trend from January to 

Oecember， and Fig.25-m shows the same relation 01、 annualprecipitation trend. Those 

figures are plotted wi th the elevation of observation station as abscissa， and regression 

coefficients of precipitation as ordinate. Those figures also are plotted with the stations 

lcx刈 edin the Wet Zone as solid symbols and the stations located in the Ory Zone as open 

symbols. Figure 25 indicates that the relationship between elevations of observation 

stations and monthly precipitation trend in the Wet Zone shows negative correlation in the 

southwest monsoon season from May to September. Figures 25 indicate that the 

regression coefficients show close to zero， and the no relations with elevation exist in the 

northeast mons∞n season from Oecember to February. These results indicate that the 

decrease of precipitation in and around the central highland mainly occurs in the southwest 

monsoon season. 

The temporal and spatial variations of monthly precipitation in Sri Lanka was also 

reported and discussed by Madduma Bandara and Kuruppuarachchi (1988) and Kayane ef 

al・.(1995). 1n particular， Kayane et al. (1995) reported the spatial distribution of the 

trends of the southwest monsoon rainfall using the 16 observation points data. The author 

extends the number of stations for spatial analysis of the trend of monthly precipitation. 

As the results 01' the analysis using a twice number of observation points compareing with 

Kayane et α1.. (1998)， it is clear that the monthly precipitation in the east part of DηZonc 

decrease intensely in the seconu intermonsoon season and the northcast monsoon season 
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from October to January. Kayane et al. (1995) disclIIsscd onlv thc intensification of 

southwest monsoon. 

The numbers of mcteorological observation point in the east part 01' Dry Zonc arc 

fewer than in the Wet Zone. 1n addition， most stations in this area concentrate ncar the 

coast. These uneven distributions of the data make difficult the discussion on the northeast 

monsoon. On the other hand， it is considered that the decrease ot・precipitationin this 

period affects the water balance and hydrological conditions more than other seasons 

because this period is the dry season with little precipitation. 

5.3. Spatial and temporal variations of land use 

The aerial photography of whole Sri Lanka has been taken several times from 1956. 

The newly published land use maps on the scale of 11100，0∞are prepared from aerial 

photographs from 1979 to 1983 and from satellite images by the Center for Remote 

Sensing， Survey Department， Sri Lanka. This land use mlap totalizes the area of land use 

by districts. As shown in Table 9， the land use was classified into seven categories. 

Figure 26 shows the distribution of tea cultivation by districts. The distncts with 

over 50/0 tea cultivation area were only 6 distncts， NuwarJ. Eliya District as 36.7%， Matala 

Distnct as 15.7%， Kandy District as 15.5~J ， 8adulla District as 12.8~J ， Galle District as 

9.7% and Ratnapura District as o.5% among the 2o districts. These results indicate that 

the tea was cultivated intensively in the central highland. 

Figure 27 shows the distribution of paddy area by districts. The paddy area was 

distributed with high percentage e¥:cept mountainous central highland. 1n particularly， the 

paddy area was distributed over 15o/rJ at the lovvland of Wet Zone. The highest distribution 

of paddy area was seen at 8atticaloa District located in the eastじoastas 25.6o/rJ. The lowest 

distribution was at Moneragala District as 2.o% and the average among 2o districts was 

12.oo/cJ. 
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Figure 28 shows the distri bution of dense forcst by districts. The dcnsc forcst of Sri 

Lanka was distributcd with high pcrcentage at thc arca with low population dcnsity of Dry 

Zone and mountainous central highland area. The highest distribution of dcnse forcst was 

observed at Mu11aitivu District as 51.0O/C). However thc lowest distribution was secn at 

Jaffna as Oo/cJ and the average of 26 districts was 17.o%. 

Figure 29 shows the distribution of sparsely used cropland by districts. The 

sparsely used cropland is a category of land use that consists of shifting cultivation， land 

under development and abandoned shifting cultivation， tea， rubber and coconut land. This 

land use was distributed with high percentage at the Dry Zone. In the Dry Zone， the paddy 

and sparsely used cropland was major agriculturalland. On the other hand， the almost alI 

districts located in the Wet Zone showed less than 10~íó of land use of sparsely used 

cropland excluding Ratnapura District. In Ratnapura Districtt， this land use was distributed 

in twice as mach as the average. The highest distribution of sparsely used cropland was at 

Moneragala District as 33.00/0， the lowest distribution was at KegalIe District as 00/0 and the 

average of 26 districts was 15.70/0. 

The proportions of a11 categories of land use at 1979/83 on the selected eight 

watersheds are calculated using numerical data set. Figure 30 and Table 10 show the 

percentage of land uses for these eight watersheds. 

Figure 31 indicates the distribution of land use in Peradeniya watershed (6004) in the 

Upper Mahaweli Ganga River catchment. Peradeniya watershed is located in the central 

highland of Wet Zone， the elevations of observation station and average of watershed are 

463m and 1174m above the sea level. The area of watershed is 1167krn2， and occupies 

11.30/0 of Mahaweli Ganga River catchment area. This Peradeniya watershed has four 

small watersheds. These are Holbrook watershed (6027)， Talawakelle watershed (6021)， 

Morape watershed (oQ09) ， Watawala watershed (6020) and Peradeniya watershed. The 

land uses for the Peradeniya watershed generally distri buted toward upstream such as 

paddy， homesteads， tea， forest and grass land. Thc Peradeniya 'vvatershed had highcr 

percentage of tea cultivation than other watersheds. The distribution of tca cultivation of 

Peradeniya watershed was 43(1() 01' whole watershed and ¥Vata¥¥'ala watcrshed was o6(完J.
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The land use pattem in Malwala watershed (0303) in thc Upper Kalu Ganga Ri¥'cr 

area are shown in Fig.32. Malwala watershed is locatcd in thc south-west 01' ccntral 

highland 01' the Wet Zone， and the elevations 01' observation station and average 01' 

watershed are 18m and 4o4m above the sea level， respectivcly. The area 01' watcrshed is 

329km2， and occupics 12.2fJt 01' Kal u Ganga River catchment area. Thc land usc such as 

tea cultivation， 1'orest and sparsely used cropland occupies about three-rourths in this 

watershed. 

Figure 33 indicates the distribution of land use in the Mi Oya Ri¥'er catchment area as 

Tabbowa watershed (9502). Tabbowa watershed is located in the west northern lowland 

of the Dry Zone. This watershed incl udes the Mahausvvewa watershed. Their areas 01' 

Tabbowa and Mahauswewa watersheds are 1，078km2 and 595km2， respectively. The 

elevations of observation stations at Tabbowa and Mahauswewa watersheds are 10m and 

35m， respectively. The average elevations of Tabbowa and Mahauswewa watersheds are 

85m and 105m， respectively. The conspicuous land use 01' those watersheds were tank， 

paddy， mangroves and sparsely used cropland. 

The Natural Resources， Energy and Science Authority of Sri Lanka reported the land 

use change 01' the whole island between 1956 and 1984 at 1988. Table 11 summarizes the 

areal change of major land uses. The tea cul ti vation and forest areas decreased about 140/0 

and 26~} during this period. However， other crops increased about 40%. 

The Center for Remote Sensing， S urvey Depa口ment01' Sri Lanka (1988) published 

the Tea Map indicating the distribution 01' tea cultivation in 195o and 1979/83. Figure 34 

shows the distribution of tea cultivation of Sri Lanka in 195o， and Fig.35 shows the 

distribution of tea cul ti vation in 1979/83. Figure 36 indicates the distri bution of area where 

the land use changes to tea cultivation from others between 195o and 1979/83. Figure 36 

illustrates that the newly cultivated areas distribute in the almost area where the tea 

cultivated at 1956. 1n particularly， the areas of tea culti¥'ation where the land use changes 

from other cultivations were distributed notably on Matara and Galle Districts of the 

southwest country. 
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The dist口butionof abandoned tea cul ti vation area betwecn 195o and 1979/83 is 

shown in Fig.37. This area distributed notably on the south 01' Kandy and wcst of 

Nu九varaEliya. 

5.4. Spatial and temporal variations of water balance 

The results of annual averaged water balance of 135 watersheds based on the data of 

more than one year is listed in Table 12. This results was obtained for only years that the 

water loss of the year is positive. The stations listed in Table 12 incIude the observation 

stations affected by human activities such as construction of reservoirs for hydropower and 

inigation. The results of water balance of the selected 33 watersheds with no effect of 

human activities and observation period over 10 years data are shown in Table 13. These 

33 watersheds can be cIassified into five climatic and topographic regions of southwest 

coast of Wet Zone， southwest inland of Wet Zone， central highland of Wet Zone， southeast b 

of Dry Zone and northem lowland of Dry Zone. 

Figure 38 shows the distribution of average annual areal preclpl凶 ionof the 33 

watersheds. When a watershed has other upstream watersheds， the elements of water 

balance was recalculated about the values of between area of those observation points. The 

maximum of average annual areal precipitation is 4794.2mm of Deraniyagala watershed 

(0105) and the minimum is 1326.3mm of Yakawewa watershed (6901). The average of 

15 watersheds located in the Wet Zone is 3290.2mm and that of 18 watersheds 1∞ated in 

the Dry Zone is 1623.4mm. 

The distribution of average annual discharge of lthe 33 watersheds is shown in 

Fig.39. The maximum of average annual discharge is 4411.0mm of Deraniyagala 

watershed (0105) where Kelani Ganga River tlows. This watershed also has maximum 

areal precipitation. However， the minimum of average annual dischargc is 132.3mm of 

Tabbowa watershed (9502) of Mi Oya River. The average 01' 15 wutershcds located in thc 

Wet Zone is 2136.4mm and that of 18 wutershed located in the Dη， Zone is 479.0mm. 
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Figure 40 illustrates thc distribution of thc averagc annual runolT ratio of thc 33 

watersheds. The average of it of 15 watersheds locatcd in the Wct Zone is ()3'kJ and that of 

18 watersheds located in the Dry Zone is 280/，). 

Figure 41 shows the distribution of the average annual water loss of the 33 

watersheds. The estimated water loss with no effect of human activities and long-term 

observation data can be considered as actual evapotranspiration of a watershed. The 

maximum and mlnImUm of average annual actual evapotranspiration of watershed are 

2009.6mm and 482.5mm， respectively. The average of it of 15 watersheds located in the 

Wet Zone is 1153.9mm and that of 18 watersheds located in the Dry Zone is 1150.6mm. 

There is no difference in the averages of actual evapotranspiration between the Wet Zone 

and the Dry Zone. The total average of all 33 watersheds is 1152.1mm. 

Figure 42 indicates the time series of water balance elements at five representative 

watersheds of Putupaula watershed of Kalu Ganga River (0301)， Malwala watershed of 

Kalu Ganga River (0303)， Peradeniya watershed of Mahaweli Ganga River (6004)， 

Lunugamwehera watershed of Kirindi Oya River (2201) and Kappachchi watershed of 

Aruvi Aru Ri ver (9∞1) which represent each climatic and topographic region， 

respectively. Only the Malwala watershed (0303) Iocatecl in the southwest inland of Wet 

Zone shows the converse trend between areal precipitation and discharge. However， other 

four watersheds in this figure indicate almost similar decreasing trend between areal 

precipitation and discharge. 

Figure 43 indicates the distribution of trend of areal annual precipitation of the 

selected 33 watersheds. These trends are classified into three categories based on the 

values of regression coefficients such as increasing trend with the value of higher than 

+3mm/year， decreasing trend with the values of less than -3mm/year and invariable with 

the values between -3mm/year and +3mm/year. The results of trend analyses of annual 

areal precipitation， annual discharge， annual water loss and annual runoff ratio for the 33 

watersheds are shown in Table 14. The results of t-test sho¥¥' that the trends of water 

balance in the Wet Zone are significant at the 1 %J of signiticance lc¥'el. On the other hand， 
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many watcrsheus locatcu in the Dry Zone show a largc standaru crror. Figurc 43 sho¥Vs 

that 22 ot・33¥vatershcds have thc uccrca."ling trcnd 01' arcal prcじlplじltlon.

Thc distribution of trend of disじhargeclassiticd by into thc same catcgory as Fig.43 

is illustrated in Fig.44. Thc seven of 33 watcrsheds hω'e thc dccrcasing trcnd of 

discharge， but 15 watershcds havc the incrcasing trend 01" dischargc. Thc incrcusing trcnd 

of discharge distributes notably in the southwest inland 01' the Wct Zone. This rcgion 

shows the converse trend between areal precipitation and discharge， as shown in Fig.43. 

ln the Wet Zone， only inland area shows the increasing trcnd of uischarge. Therefore， it is 

presumed that some geographical faじtorssuch ωdefc】日活tationm句 affeじtthe tendency 

observed in this area. 

Figure 45 indicates the distribution of trend of 'vvater loss of the catchments area 

classified into the same category as Fig.44. The 21 of 33 watersheds indicate the 

decreasing trend of water loss of catchment area. 
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Table 8 Regression analyses of annual sea surface temperature 

Area of SST Number Regression line (Y=aX+b Coefficient 

of years a (OC/year) b (OC) (r) 

75-80E/0-5N 47 0.0193 ** -9.547 0.693 

75-80E/5-10N 107 0.0086 ** 11.096 0.462 

80-85E/0-5N 95 0.0095 ** 9.762 0.614 

80-85E/5-10N 106 0.0095 ** 9.587 0.554 

(Remarks ** : significant at the 1 % of significance level ) 
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Table 9 Legend of land use and remarks 

Crbanland Buid-up land 
Residential， industl;al， commercial， institutional， administrative 

tranceportlOn， power， plants and urban open spaces 

全ss∞iatednon-agriculturalland 

Agricultural land Homesteads 

i¥linimg， archaeological si tes， trarlsmi tters， sal terns， and quarries 

Family residential units surrounded by gerdens， fruit trees and open space 

Land under tea cultivation 

Forestland 

Rangeland 

¥Vet1and 

¥Vater 

Barrenland 

Tree and other perennial crops Tea 

Rubber 

Coconut 

Systematic planting of rllbber trees in plantations 

Systematic plantinf of coconllt palms in plantations 

Cropland 

Natural forest 

Forest plantations 

Scrubland 

Grassland 

Forested 

Non-forested 

~\'lixed tree ('ontinuolls plots of coffee，cacao，jack， kitlll， palmyrah， cinnarnon， cadju， 

and otherperennial crops and other fruit lrees or spices partly mixed with coconut， tea and rubber， 

many of these tree-crops are also fOllnd in homesteads. 

Padd)・ Rainfedor ilTigated paddy cultivation 

Sparsely used cropland C'hcna(Shifting culti¥'ation). recently abandoned chena， land under development， 

一_-----.S?t~r cropland 

Dense f orest 

Open forest 

J¥1angroves 

恥1arsh

sparsely used rainfed cropland， neglected or abandoned tea， rubber and coconut lands 

Tabacco，三笠竺!es，sugarcane aqd竺nfed主些1加 dcropsin continuous plots 

Dense natural forest cover with a cro¥¥'n c10sure of more than approx. 75o/c 

Natural forest cover with a crown c10sure of approx. 45% -75% and a dense und白er培grO¥羽wt、V叫/ぺt出h 1 

I¥fan-rr 

LO¥以入，grO¥以W引，¥，川'1川ng、vegetation¥収W九ν，づ悦i代t出hmore than 50% al陀T志三acoverage， 

including trees ¥¥'ith less than approx. 45% crown c10sure 

Damana， savannah and patana grassland， villus and other temporarily f100ded land， 

竺dope也子rkcountry with les竺hanapprox. 50% scrub coverage 

Tree cover along sea coasts， lagoons and river mouths 

Perman竺tly，̂竺三ndmuddy， uncultivable and frequently inundated areas 

Sea， lagoons， tanks，major rivers and wetlands， showing max. water level 

Rock outcrops， sandbars， beaches， earth slides and other bare land 
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Table 10 Proportion of land use on the watershcd日

Type of land use Name of river 制1IGanga I Mahaweli Ganga Mi Oya 

Station name MaJwaJa Pera【lemya Morape WatawaJa TaJawakelle Holbr∞k MahalL~wewa Tabb<コ¥ova

lumber of station 0303 6∞4 6∞9 6020 6021 6027 9501 9502 

(%) (%) (%) (%) (%) (%) (%) (%) 

Urban land Built-Up land 0.0 0.9 0.9 1.6 1.5 0.0 0.0 0.1 

Associated Non-Agricultural Land 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Agricultural land Homest巴ads 9.5 10.6 3.9 0.8 0.6 1.0 15.3 15.7 

Tea 17.3 43.1 51.9 65.6 47.8 33.4 0.0 0.0 

Rubber 9.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Coconut 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 

Mixed Tree and Other Perennial Crop 2.5 1.8 0.5 0.0 0.0 0.0 0.0 0.0 

Paddy 2.6 8.1 2.6 0.0 1.0 0.4 29.6 25.3 

Sparsely Used Cropland 27.3 9.6 1.4 25.6 0.6 0.6 36.0 34.9 

Other Cropland 0.0 0.6 1.2 0.0 ¥.1 0.0 0.0 0.1 

For巴stland Dense Forest 23.7 10.1 18.0 1.6 21.4 33.6 5.2 4.9 

Open for回 1 5.2 2.9 5.4 0.0 6.7 4.8 0.0 0.5 

Forest Plantation 1.4 3.2 5.1 1.6 6.5 6.9 2.2 3.7 

Rangeland Scrubland 0.6 3.-+ 4.3 0.0 5.1 4.6 0.9 1.2 

Grassland 0.0 5.5 斗6 3.2 7.4 14.4 0.4 2.8 

Wetland Mangroves 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 

Marsh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 

Water Water 0.0 0.1 0.1 0.0 0.2 0.0 9.8 9.5 

Barrenland Barren Land 0.0 0.0 0.0 0.0 0.1 0.2 0.4 0.3 
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Table 11 Land use change between 1956 and 1984 

(after Natural Resources of Sri Lanka， 1991) 

Land use at 1956 at 1984 Change Change 

(km2
) (km2

) (km2
) (%) 

Settlements 5770 9900 4130 171.6 

Paddy 5150 7580 2430 147.2 

Tea 2580 2220 -360 86.0 

Rubber 2270 2360 90 104.0 

Coconut 2510 3280 770 130.7 

Other crops 910 2180 1270 239.6 

Forest 29430 21680 -7750 73.7 

Grass. chena and scrub 14270 15700 1430 110.0 

Wetland 330 350 20 106.1 
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1‘ablc 12 AUJlual water loss 01" aU watcrsheds 

:0. Station Lat. (N) Iρng. (E) Ele¥'. Area Obscrvation Year jへlUmalwatcrloss (mm) 
U 巴J ' (m) (kml

) ドenod Max. Mm. Averagc. 

0101 Nagalam Strect 6 57 30 79 52 30 o 2085 1924 -1960 35 1771.-+ ..1.93.8 1062.5 
0102 Glencourse 6 58 30 80 10 51 18 1-M3 19~ -1993 ↓-+ 1583.3 207.7 85-+.7 
0103 Metiyadola 7 1 34 80 16 26 20 606 19~ -1982 33 1479.6 293.0 1075.7 
01 仏~ Algoda bridge 6 56 55 80 15 -1.() 26 345 19-+8 -1993 15 1677.5 734.1 1206.7 
0105 Deraniyaga1a 6 55 30 80 20 15 82 152 1948 -1993 26 1532.5 39.2 866.1 
0106 Kitulgala 6 59 30 80 24 45 56 388 1948 -1993 38 1353.4 98.7 583.8 
0107 恥10ssakelle 6 50 15 80 33 。1158 122 1948 -1969 14 1166.7 77.0 596.0 
0108 1m bulana 7 3 47 80 15 40 26 329 1948 -1974 25 1969.7 1082.6 1551.8 
0109 Norwood 6 50 30 80 36 30 1100 95 1956 -1993 10 1491.1 668.0 1099.4 
o 109A Castlereigh 6 50 40 80 36 o 1027 114 1956 -1958 
0110 Laxapana 6 53 15 80 30 -1.() 85-+ 168 1954 -1986 17 3249.3 478.2 13-+8.0 
0111 Kaduwcla 6 56 5 79 59 5 10 1884 1960 -1967 2 1618.1 1287.6 1452.9 
0112 IIolombuwa 7 11 35 80 15 45 53 155 1962 -1993 25 2316.8 29.0 1426.7 
0114 Hanwella 6 5-+ 35 80 4 45 16 1782 1973 -1993 14 1530.3 279.6 980.5 
0115 ~orton Bridgc 6 生~ 30 80 31 15 900 131 1983 -1986 
0301 Putupaula 6 36 -1.() 80 3 55 2 2598 1943 -1993 斗525-+2.5 390.3 1142.0 
0302 Millakanda 6 37 25 80 10 25 17 769 1950 -1993 25 2220.0 222.9 1215.9 
0303 Mal wala 6 41 15 80 25 24 18 329 1954 -1979 24 2400.9 128.3 1001.8 
03仏~ 、~ambapana 6 41 11 80 25 ごヲ 13 629 1956 -1979 20 1ふ-t.6.8 166.-+ 919.0 
0305 EUagawa 6 ..1.3 52 80 13 。 4 1393 1956 -1993 33 1838.斗 149.1 1035.9 
0306 Dela 6 37 20 80 27 10 29 220 1956 -1993 29 1747.7 85.2 970.2 
0307 Lellopitiya 6 -1.() :ヲ 80 29 30 10-+ 76 1958 -1966 コ 1749.8 1293.0 15-+3.1 
0308 Kukulegama 6 33 20 80 20 30 200 334 1973 -1993 14 1411.8 12.8 732.3 
0309 Maguru Ganga 6 28 O 80 15 -1.() 28 136 1973 -1979 5 1890.7 1217.8 1534.斗
0310 Ratnapura 6 40 30 80 24 。14 60-+ 1977 -1993 15 1055.3 168.1 775.2 
0901 Agaliya 6 11 15 80 11 45 10 696 11927 -1993 53 1456.6 114.5 792.3 
0902 Jesrnin Dam 6 20 40 80 20 。27 361 ll973 -1993 15 1126.3 45.7 458.3 
0903 Udugama 6 13 30 80 19 20 17 498 JI973 -1979 5 120l.9 295.5 782.5 
1201 Bopagoda 6 9 20 80 29 :ラ 18 442 ]1940 -1993 49 2573.6 902.2 1605.7 
1202 Narnimana 5 57 30 80 33 30 2 958 1972 -1979 
1203 Hulanduwa 6 11 -1.() 80 27 ごヲ 24 70 JI972 -1979 6 1688.7 987.5 1368.2 
12作~ Bingamahara 6 12 -1.() 80 28 40 26 333 1973 -1989 15 2533.9 1358.7 1777.5 
1205 Kadduwa 6 2 10 80 30 50 6 601 1975 -1993 13 2339.1 1121.5 1723.1 
1601 Julampitiya 6 11 -1.() 80↓+40 62 141 J.947 -1961 7 1468.6 1067.9 1217.9 
1801 Embilipitiya 6 20 -1.() 80 53 55 31 1580 1.942 -1968 24 1889.1 1024.9 1460.7 
1802 Liyanagahatota 6 14 。80 56 30 17 228-+ 1942 -1948 :ラ 1130.4 801.7 950.1 
1803 IIalmillaketiya 6 18 40 80 52 。-M 166 1.95-+ -1962 5 2076.-+ 1496.8 1691.3 
1804 BelihulOya 6 43 O 80 -M 。594 49 1956 -1960 3 2ふ~0 .7 775.4 1740.6 
1804A BelihulOya 6 -+斗 30 80 45 O 820 42 1984也 1986
1805 Uda walawe 6 27 10 80 50 30 76 1155 1957 -1961 3 1606.0 1343.5 1474.1 
1806 Samanalawewa 6 40 30 80 -+8 :事 36-+ 353 1958 -1986 16 1625.9 455.9 1056.0 
1807 Timbolketiya 6 24 25 80 47 55 か4 269 1958 -1967 8 2658. 1 1972.7 2237.6 
1808 Weragala 6 39 O 80主l 。117 261 1963 -1971 7 1660.3 886.1 1218.7 
180り Mahagama 6 19 45 80 55 30 36 366 1951 -1965 9 1781.7 1147.9 1429.5 
1810 Mawigala 6 35 35 80 -+8 50 427 23 1964 -1979 4 200-+.3 792.1 l ふ↓~. 6
1811 Waguregama 6 34 15 80 ..1.9 55 108 99 1963 -1965 
1812 Modarawana 6 19 10 80 49 O 70 109 1956 -1958 1916.6 1916.6 1916.6 
2201 Lunugam wehera 6 21 10 81 13 10 35 913 19牛~ -1979 33 1656.7 626.9 1196.2 
2202 Poonagala 6 43 50 81 1 40 ~7 5.5 1955 -1962 5 1550.2 661.5 1050.2 
2203 W ellaw aya 6 43 55 81 6 25 15-+ 160 1956 -1993 32 2094.8 184.6 873.9 
2204 Kuda Oya 6 31 30 81 7 25 81 291 1967 -1990 22 1417.7 3斜 .1 1003.4 
2601 Kataragama 6 25 10 81 19 45 34 787 1944 -1993 47 1773.7 656.2 1301.8 
3101 Kurnbukkana 6 -+8 25 81 17 35 137 259 1 957 -1961 1638.1 1638.1 1638.1 
3102 Nakkala 6 53 30 81 17 45 160 216 1973 -1993 12 1280.1 189.5 809.8 
3103 恥1aligawila 6 41 35 81 22 -1.() 81 375 1974 -1989 8 1240.3 884.7 1094.-+ 
3104 Maligawila 6 斗2 。81 24 35 70 302 1974 -1979 2 1062.6 990.1 1026.: 
3501 羽匂dagama 6 45 40 81 ↓-1- 35 9 4仕~ 1946ー1957 11 1976.7 907.7 1340.3 
3601 Si yambalanduw a 6 5-+ 20 81 32 40 コ〉 295 1945 -1993 17 173l. 7 689.3 1283.9 
3602 IIeda Oya Damsite 6 52 10 81 36 55 38 409 1951 -1957 4 1191.7 514.0 953.-+ 
3603 Lahugala 6 53 。81 41 45 24 471 1958 -1960 
3701 IIulange 6 56 -1.() 81 39 10 35 145 1953 -1962 8 2215.2 672.8 1206.0 
4201 Thottama 7 6 30 81 41 25 34 95 1945 -1968 14 1729.8 677.6 1262.1 
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Table 12 ( continued ) 

O Station Lat. (N) 1ρng. (E) Elev. Area ObservaltonYear Ammal watcr loss (mm) 
U u ' (m) (kmi

) Penod 九，1ax.MIll. :¥veragc. 
+401 1nσiniyagala 7 12 30 81 32 。42 995 1937 -1949 8 1881.5 233.9 837.8 
4402 Pit法 mnbura 7 8 45 81 17 55 195 188 198-+ -1991 2 857.3 833.5 8-+5.-+ 
5101 Periya Aru 7 30 。81 29 20 36 119 1942 -1979 31 1638.2 479.0 1161.8 
5201 明Teragoda 7 33 35 81 19 50 -l8 225 1945 -1991 18 20-+7.3 599.2 1238.8 
5202 Nilobe 7 30 40 81 22 -+0 ↓l 159 194斗 -1981 29 1569.3 67.7 793.5 
5203 Maha oya 7 32 O 81 21 30 39 300 1946 -196 L 11 1711.8 -+05.3 1250.6 
5204 Rugam 7 38 10 81 27 。23 1295 1953 -1960 3 1989.0 1565.1 175-+.1 
5205 Pollebedda 7 28 。81 23 50 -+8 137 1980 -1988 7 1515.8 669.7 1101.-+ 
.5401 Welikanda 7 56 10 81 15 。29 1068 1946 -1979 25 1576.6 476.0 1134.2 
5402 Kandegama Dam sitc 7 38 18 81 12 40 61 453 1951 -1979 5 1521.1 1100.0 1398.3 
.5403 Maduru Oya Bridge 7 23 O 81 11 30 118 158 1981 -1986 
6001 Manampitiya 7 会~ 40 81 5 10 32 7418 1941 -1993 37 1970.7 1072.-+ ト+21.1
6002 Galoya Junction 8 8 25 80 51 10 84 199 1941 -1959 13 1537.1 754.0 1174.9 
6003 Angamedilla 7 51 O 80 54 10 67 1363 1952 -1993 25 1755.1 261.5 116-+.4 
600-+ Peradeni ya 7 15 30 80 35 25 -+63 1167 1943 -1993 45 1899.2 888.5 1191.5 
6005 Gurudeni ya 7 16 30 80 -+0 33 425 1418 19-+-+ -1978 33 1878.2 673.5 1109.5 
6006 Nalamda 7 40 15 80 38 15 243 126 1943 -1960 13 1686. J 760.5 1107.5 
6007 羽Teragantota 7 19 。80 59 10 76 -+092 1945 -1993 -+6 2175.5 -+67.-+ 1310.0 
6008 Elahera 7 -+0 45 80 45 25 133 774 19-+6 -1993 36 3025.8 100.8 1027.6 
6009 Morape 7 3 -+0 80 37 20 6-+0 555 19-+6 -1981 29 1381.9 -+81.4 976.0 
6010 P.W.D. Bridgc 8 13 25 80 53 20 88 45 1946 -1976 19 1702.9 219.3 1019.0 
6011 Gampola 7 9 50 80 34 20 493 951 1951 -1978 7 1365.1 ↓+1.3 982.3 
6012 Kandakaduturai 8 4 o 81 9 10 23 7529 1952 -1965 
6013 Nadumodara 8 10 25 81 12 20 15 8618 1952 -1961 
6014 Ullutiya 7 34 15 81 o 35 78 357 1953 -1980 7 2572.3 1370.8 1787.0 
6015 Teldeniya 7 I7斗O 80 -+6 。411 160 Jl954 -1978 22 2761.9 741.0 1728.8 
6016 Randcnigala 7 12 10 80 56 10 141 2365 195-1--1983 28 1905.9 837.7 1275.0 
6017 Kandakctiya 7 10 30 81 o 20 126 387 Il954 -1979 15 1715.-+ 142.6 1168.8 
6018 Gadugudawaa 7 16 15 81 3 コ 106 91 11953 -1958 2 1367.0 1219.8 1293.-+ 
6019 Meegahakiula 7 9 30 81 3 35 121 196 1955 -1966 10 1687.2 757.2 1316.8 
6020 Watawala 6 56 50 80 32 10 82り 42.8 1.957 -1977 19 2921.4 855.6 2030.8 
6021 Talawakelle 6 56 25 80 39 45 1200 297 1954 -1993 31 1305.6 435.0 902.7 
6022 Bawagama 7 2 55 80 31 55 578 169 1957 -1966 6 2035.5 1170.9 1657.6 
6023 Talawakanda 7 o 30 80 58 25 575 520 1957 -1991 33 1766.2 889.5 1276.2 
6024 Allai Kantalai 8 19 。81 10 。 8 9606 1958 -1986 12 1996.6 1283.2 1620.7 
6025 Mallanda 7 3 -+0 80 32 10 578 188 1958 -1966 
6026 Bowatenna 7 39 10 80 41 25 212 520 1958 -1962 3 1390.0 1238.5 1320.2 
6027 Holbrook 6 52 50 80 41 40 13-+6 121 1959 -1978 17 1728.1 555.9 1060.4 
6028 Victoriya 7 14 25 80 47 。366 1653 1958 -1978 9 1590.5 229.1 1128.2 
6029 Welimada 6 54 15 80 5-1-30 1070 179 1959 -1978 18 1406.9 179.1 76-+.8 
6030 Wellewclla 7 36 25 80 50 。140 194 1960 -1973 12 1663.1 1↓-l-.9 959.1 
6032 Moragahamulla 7 16 57 80 -+8 26 427 73 1963 -1979 15 2159.1 948.1 1708.5 
6033 Rantembe 7 11 52 80 57 14 11斗 3113 1979 -1986 6 1967.2 1439.1 1684.1 
6034 Calidoniya 654 。80 42 o 1280 183 1983 -1993 9 1007.5 510.6 76-+.1 
6071 Elgin Falls 6 52 45 80 48 15 1827 23 1920 -1960 19 1529.3 31.1 315.1 
6072 Uduwalwala 7 28 30 80 55 15 77 115 195-+-1962 
6077 Hembarawa 7 31 30 80 58 25 ふ~ 4530 1953 -1978 17 1578.6 433.1 1192.3 
6078 Hangurankcta 7 11 30 80 45 45 533 103 1954 -1960 5 1889.3 1422.1 1634.4 
6079 Geli oya 7 12 45 80 36 15 467 1066 1955 -1962 5 1277.9 848.6 1107.7 
6081 Dastota 7 51 o 81 2 。34 5501 1957 -1959 
6082 Pallewatta 7 21 30 80 57 45 86 116 1958 -1960 1983.6 1983.6 1983.6 
6084 Teldeniya 7 5 30 81 2 50 271 280 1958 -1960 
6085 Watullnula 7 5 50 80 51 15 870 34 1958 -1960 1774.9 1774.9 177斗9
6087 Uraniya 7 13 。81 7 3 182 34 1977 -1979 788.2 788.2 788.2 
6701 Huruluwewa 8 13 35 80 43 40 120 200 1942 -1949 6 1478.9 626.0 987.4 
6702 Pangumgaswewa 8 ↓..J. 55 80 52 45 21 1311 19-+6 -1981 29 時-+6.6 84-+.9 124 l.0 
6703 Horowapotana 8 34 36 80 52 42 ↓4 942 1951 -1993 35 1963.8 845.3 125-+.2 
670-+ Wahalkada 8 43 36 80 51 5 31 91 1951 -1974 21 1786.3 740.9 125-+.5 
6705 Illukwewa 8 20 10 80↓4 5 98 3 15 1972 -1979 4 1432.2 852.6 117斗7
6901 Yakawcwa 8 43 25 80 40 50 70 11 0 1979 -1993 13 1318.5 813.-+ 1093.6 
7501 Oddusu Dam 9 13 。80 41 30 10 303 1976 -1979 2 1275.3 1196.0 1235.7 
8101 Parasan Kulam 8 59 45 80 33 。65 133 1980 -1985 5 1012.-+ 703.9 866.3 
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Tablc 12 ( conLinued ) 

No Station Lat. (N) Iρng. (E) Elev. Area observation Year Anntlal watcr loss (mm) 
u U (m) (km") Period Max Mlll. Avcrage 

8801 Chinnaralayan kaddu 8 57 30 80 20 20 40 560 1980 -1985 5 11↓~.-+ 767.7 9.+5.0 
9001 Kappachchi 8 35 55 80 16 20 36 2117 19-+8 -1989 33 1675.9 815.6 1171.3 
9002 Tekkam 8 ↓~ 55 80 11 。18 3071 1945齢 1959 13 1688.0 787.6 1232.0 
9003 Rambawa 8 27 10 80 30 25 77 364 1955 -1972 3 1-1-97.8 957.0 1206.7 
9301 Kadigala 8 7 20 80 15 40 57 156-+ 19.+5 -196-+ 13 1807.2 877.1 1326.8 
9302 Nochchiyagama 8 11 50 80 5 50 24 1948 1957 -1984 16 1543.6 810.5 1150.2 
9303 Galewela 7 48 30 80 36 25 171 41 1958 -1993 11 1666.1 109.-+ 751.2 
9305 Dambtula 7 47 45 80 35 50 179 18 1971 -1979 6 16か~.1 702.6 1317.-+ 
9306 Ibbnkatuwa 7 50 40 80 38 。157 70 1971 -1979 4 1507.5 906.1 1255.0 
9307 Kumbukwewa 8 7 15 80 17 30 64 1160 1977 -1983 3 998.5 9'+2.1 977.7 
9308 Kumbukwewa 8 7 。80 17 40 65 117 1977 -1983 2 72斗.2 680.6 702.-+ 
9501 Mahauswewa 7 57 50 80 4 8 35 595 195-+ -1985 28 1-+87.4 759.-1- 1121.9 
9502 Tabbowa 8 2 50 79 55 5 10 1078 1960 -1979 17 1552.9 815.0 1243.-+ 
9901 Hettipola 7 36 30 80 5 35 斗o 233 19↓4--1983 21 2196.8 937.9 1-+60.6 
9902 Batalagoda 7 31 。80 28 。122 210 1945 -1947 1.547.8 1.547.8 1.547.8 
9903 Alawala Anicut 7 28 20 80 27 10 125 102 1945 -1962 6 1655.4 948.3 1373.5 
99か~ Chilaw 7 36 。79 -+8 58 o 2611 19.+9 -1993 23 1582.0 383.6 1206.6 
9907 Moragaswewa 7 41 .+5 79 59 50 15 2002 1978 -1989 8 1268.-+ 602.-+ 968.2 
10201 Alawwa 7 17 30 80 1.+ 25 .+9 80-+ 19.+7 -1993 斗123 11.-+ 1168.2 1713.9 
10202 Badalgama 7 18 10 79 58 50 12 1360 1953 -1993 36 1814.2 986.2 1421.6 
10203 Giriulla 7 19 30 80 6 55 27 1191 1958 -1993 28 1541.8 1093.5 1333.0 
10301 Attanagalla 7 6 45 80 8 10 24 114 1950 -1993 7 1985.3 7 12.0 1662.8 
10302 Karasnagala 7 6 .+5 80 10 15 28 53 1971 -1986 13 1626.3 92.4 1183.5 
10303 Alawala 7 6 55 80 10 40 30 13 1971 -1984 6 1559.6 587.1 1186.3 
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Table 13 Averagc water balance of 33 watcrsheds 

ame Elev 八rea Pcriod Areal Pre. Discharge Water loss Runoff ratio 

Southwest coast of Wet Zone (m) (km) (mm) (mm) (mm) 

0101 Nagalam Street o 20R5 1925 -1960 3724.1 2657.4 1066.7 0.71 

0301 Putupaula 2 2598 1 944 -1 994 3815.6 2712.3 1103.3 0.71 

0901 Agaliya 10 696 1927 -1993 3508.5 2ブ47.0 761.5 0.78 

10202 Badalgama 12 1360 1944 -1993 2401.4 1027.4 1374.0 0.43 

1201 Bopagoda 18 442 1940 -1993 3268.6 1678.2 1590.4 0.51 

Average 3343.6 2164.5 1179.2 0.65 

Southwest inland of Wet Zone 

0105 Deraniyagala 82 152 1948 -1993 4794.2 4411.0 383.2 0.92 

0108 1mbulana 26 329 1948 -1973 3592.5 2067.4 1525.1 0.58 

0303 Malwala 18 329 1955 -1978 4046.2 3032.5 1013.7 0.75 

0305 Ellagawa 4 1393 1957 -1993 3699.3 2719.2 980.1 0.74 

0306 Dela 29 220 1956 -1992 2786.3 1915.5 870.8 0.69 

10201 Alawwa 49 804 1944時 1993 2517.4 829.9 1687.5 0.33 

Average 3572.7 2495.9 1076.7 0.70 

entral highland 

6004 Peradeniya 463 1167 1943 -1983 2970.7 1838.0 1132.7 0.62 

6020 Watawala 829 42.8 1957 -1977 3976.2 1966.6 2009.6 0.49 

6027 Holbrook 1346 121 1959 -1978 2405.6 1363.7 1041.9 0.57 

ら029 Welimada 1070 179 1959 -1978 1846.6 1079.2 767.4 0.58 

Averagc 2799.8 1561.9 1237.9 0.56 

Southeast of Dry Zone 

2201 Lunugamwehera 35 913 19斗-+-1979 1610.4 419.9 1190.5 0.26 

2204 Kuda Oya 81 291 1%7 -1990 1439.4 436.0 1003.4 0.30 

2601 Kataragama 34 787 1944 -19り3 1570.6 262.7 1307.9 0.17 

3102 Nakkala 160 21 6 1973 -1 993 16]1.8 1129.3 482.5 0.70 

3501 Wedagama 9 404 194(ト 1957 1592.9 245.3 1347.6 0.15 

4201 Thottama 34 95 1945 -1968 1809.0 477.1 1331.9 0.26 

5101 Periya Aru 36 119 1942 -1979 1905.3 830.7 1074.6 0.44 

5202 Nilohe 44 159 1944 -198] 1896.2 1114.1 782.1 0.59 

5203 Maha oya 39 300 19斗6-1961 2173.4 878.5 1294.9 0.40 

Average 1734.3 643.7 1090.6 0.37 

orthern lowland of Dry Zonc 

6002 Galoya junction 84 199 1 9..+0 -1958 1564.9 307斗 1257.5 0.20 

6010 (Alut Oya) P.W.D 88 45 19斗6-1994 1557.7 587.5 970.2 0.38 

6704 Wahalkada 31 91 1953 -1974 1514.9 266.3 1248.6 0.18 

6901 Yakawewa 70 110 1979 -1993 1326.3 215.5 1110.8 0.16 

9001 Kappachchi 36 21 17 19-1-R -1989 1329.6 153.5 1176.1 0.12 

9002 Tekkam 18 3071 1945 -1959 1391.2 163.3 1127.9 0.11 

9502 Tabhowa 10 1078 1960 -1り79 1373.7 132.3 1241.4 0.10 

990] Hettipola 40 233 1944 -1992 1890.9 487.4 1-+03.5 0.26 

9904 Chilaw o 2611 1949 -1993 1663.7 515.7 1259.9 0.29 

Average 1512.5 314.3 1198.2 0.21 
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Table 1-+ Trend of water balance 

No Sl，IUOII H<III1C Pcn町 Numbcr Rc grc四 1011hllc 

SouUlwcsl coosl of Wcl ZOIlC 

0101 

0301 Puntpdula 

0901 Agahya 

C∞fflclcUl Regrc照 10日 liuc l'∞fficlclIl Rc伊e"10nhne C∞thclcul 

of ycars of司IUlllrllpreClpll<lltOIl 。1rdlc of 11""， 。trllulllal dl皿 h.rgc 。1dlullldl walcr Ic帆
(Y dXサ b) (Y rlX.b) (Y "xφb) (〆) (Y aX. b) )

 
rf
 

(
 

(r") (i) 

"(llunlycar b (llUll) d (llunlyedr b (llun) d (llun/ycar b (llun) 

1925 1959 35 29(， 9469 ∞ 1536 32491 0，175 12.40 23023 0231 0003 リ 0263 

mω 1992 45 16.45 3617R 0，235 20創 43707 0.225 369 6123 0019 0002 558 ωH 

1928 1992 57 4 !ぉ ω，+) 0033 280 8241 0015 ユ 15411 0149 0002 506 0 ¥39 

1 20 1 8op~gorul 

10202 8adalgallla 1954 1992 36 950 21136 0 12ι918 191∞ O. 125 0 10 1623 ∞ 0003 5.51 01ω 

山ヰ 労 49 8.10 19208 0.075 12.17 25603 0，133， 386 5987 0032 0002 ∞ 0()')9 

SOllUlwcsl iJU剖 Idof W cl ZOJJC 

0105 DCfalllyagal" 1949 1992 32 2398 520ら 0185 1303 21231 0024 33.65 66732 0221 α)7 1235 0218 

0108 Illlbul剖岡 山 +9 げ 73 25 275 9017 0 叫 375 5295 ∞ι 凸51 14310 0037 ∞ 24S 0023 

0303 Malwぬ1"

0305 EUagawa 

0306 Dcl初

10201 Alawwa 

1955 げ 78 24 2217 47623 0138 19.31 34941 0.055 4148 82563 0336 ∞ 1602 0258 

1957 1992 35 品52 56057 0388 12.57 22091 0052 39 t>8 79308 0570 ∞ 1625 0424 

19581992 33 596 14533 0030 48.54 93937 0.569 5673 112838 0837 0020 3854 0797 

山+8 1992 41 1 92 6280 ∞ 1475 29869 0288 1459 27008 0357 0.00抗 11ρ03ω  

CClllralluglu'lIld 

6∞4 Pcr<ldcluy訪 山判 円む 36 4.89 12556 0021 2.T 72幻 O ∞ 2.82 6652 0.060 ∞o 079 ∞o 

6020 Walawala 

品027 Holbrook 

品029 Wc¥11 Ilddrl 

1958 円7品 19 856 口845 0 ∞品 5728 1107ω 0332 斗旦n 97854 0303 0013 2602 0508 

1 960 1 977 18 2 56 2t>80 ∞ 11 82 24625 0015 1437 27306 0033 0.007 13的 0037

1960 1977 18 斗 45 I(あ05 ∞-+2，1 0 81789 0.48品-+655υ91  ι08 0.024 47 12 0.691 

OllUlwcsl of DJy ZOllC 

2201 しullugalnwehcrョ 1945 1978 33 648 14315 0.057 4. ¥3 -7671 0.063 993 20669 0 162 叫 4 凸80 0159 

2204 Kllω Oya 内68 円89 22 2218 45321 0293 589 1¥219 0.050 2807 56539 0571 0.01¥ 2081 0348 
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Chapter 6 

Discussion 

The causes to control the water balance of catchmcnt area can be classificd into threc 

groups. The first group is a c1imatic factor. In general， we can state that all climatic 

elements can give some effects on the water balance， especially precipitation affects the 

water ba1ance as one of water balance elements as input. Other climatic elements such as 

temperature， humidity， wind and solar radiation can affect evaporation and transpiration. 

In these c1imatic factors， the spatial and tempora1 variations of temperature and precipi凶 lon

were described in the Chapters 5.1. and 5.2. The result.s of analysis on the spatial and 

tempora1 variations show that the surface air temperature ilS increasing in the almost whole 

island， especially central highland， and the precipitation is decreasing at the central 

highland and around near Trincomalee， east coast. 

The second group is a factor of vegetation and land use. The vegetation and land use 

can affect transpiration and evaporation. This factor .also can affect the pr∞ess of 

hydrological cyc1e such as infiltration and storage capacity. The spatial and temporal 

variations of vegetation and land use were described in the Chapter 5.3.， and the resul ts 

show the decrease of forest and tea cultivation. 

The third group is a fωtor of human activities. In Sri Lanka， a big project for 

irrigation so called Mahaweli Project was p1anned. Such as the first project of irrigation on 

the Mahaweli Project， the headworks were completed [n 1976 at Polgolla Diversion 

downstream of Peradeniya observation point. The reservoirs for hydropower and water 

resources bui 1 t on some streams can affect the discharge of stream and the pattem of 

discharge. In this study， the temporal variations of the water balance of catchment area訂 e

analyzed from the watersheds and period without effect of the third group (Chapter 5.4.). 

The abnormal distribution of the water balance vaniation was discovered from the 

spatial and temporal analyses 01' water balance. Only the watersheds located in the 
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southwcst inland 01' the Wet Zone show the converse trcnd betwccn arcaI prccipitation and 

discharge. 

To cIear what factors make this abno口naldist口bution01' discharge trend， thc 

relationship between cIimatic factor and land use change wiII be examined in this chaptcr. 

To contrast the effect of both 1'actors， trend of areal air tempcraωre and water balance 

elements are recalculated only for the period between 1956 and 1983 when the land use 

change data are available. 

6.1. Effect of cIimate change on the water balance 

The 40 watersheds are selected to cIear the relationship between the environmental 

change and water balance in the period from 1956 to 1983. Figure 46 indicates the 

distribution of trend of discharge of the 40 watersheds between 1956 and 1983 cIassified 

into the same category as Fig.44. The results of comparison with Fig.44 indicate that 

some watersheds show different trend of discharge in the Dry Zone， but many watersheds 

located in the southwest inland of the Wet Zone show similar trend of discharge. The 

trends of annual areal air temperature of watershed and annual areal precipitation are 

compared to the water balance variation at 40 watersheds 10 cIear the relationship between 

the climate change and the water balance variation. 

The relationship between the trend of areal annual air temperature and trend of annual 

water loss from 1956 until 1983 is shown in Fig.47. The trend 01' areal air temperaωre of 

watershed was calculated from the isopleths of regression coefficients using the grid 

method. About three-1'ourths of 40 watersheds indicate the decreasing trend of water loss. 

The trends of water loss show no relation with climatological region as can be seen in 

Fig.47. In general， it is said that the evapotranspiration increases when the air temperature 

increases. However. it is indicated that other effects such as sunshine exceed the effect of 

air tempem.ture on the evapotranspiration in the humid tropics (Rcading， A. 1.， et al， 
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1995). In Sri Lanka， it is considcred that the e1'fect of thc air tcmperaturc change Wlli 

cancelled out by other etTects. 

The relationship between the trend of annual areal air tcmperature and trend of annual 

runoff ratio is shown in Fig.48. In this t・igure，thc symbols arc classified by the 

climatological regions. The watersheds located in the Inlte口ncdiateZone show the largest 

vanatlon of trend of annual runotl ratio. However， all the watersheds located in the Dry 

Zone indicate the trend of annual runo1'1' ratio between -0.01 and +0.01. The reasons why 

the watersheds located in the Dry Zone show little variation 01' water balance are considered 

as 1'ollows The Dry Zone of Sri Lanka has almost t1at and lo'vv topography and stable land 

use such as paddy. There1'ore， it is di1'1'icult to consider a sudden change 01' discharge in 

the Dry Zone. 

The 40 watersheds in the Sri Lanka are classi1'ied into three groups as A to C Groups 

using the trend of runo1'f ratio based on an index 01' variation of water balance. The 

distribution 01' watersheds classified into A to C Groups are shown in Fig.49. 

The six watersheds located in the Wet Zone and three watersheds in the Intennediate 

Zone， which show the trend of runoff ratio with larger than +0.01， are classi1'ied into A 

Group. The distribution 01' the watersheds classified into A Group correspondes to the 

region where the water balance show the converse trend in areal precipitation and 

discharge. 

Ten watersheds located in the Dry Zone， 14 watersheds in the Wet Zone and 1'ive 

watersheds in the inte口nediateZone are classified into B Group. These watersheds are 

classified using the values of trend 01' runoff ratio between -0.01 and +0.01. 

In the C Group， the only two watersheds that the trend 01' runoff ratio is less than 

-0.01 are classified， and the two watersheds located in the Inte口nediateZone. These 

watersheds show increase of the water loss strongly. 

The relationship between the trend of annual areal precipitation and the trend of 

annual water loss is shown in Fig.50-a. These symbols indicatc the climatological 

regions. The solid line in the tigure shows the slope of + 1 and the y-interception 01' O. In 
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genera1， this rc1ation shows a positive corre1ation. Accoruing1y it is consiuered that thc 

area1 precipitation atlect the evapotranspiration. 

Figure 50-b illustrates a schematic diagram of re1ationship between the trend of area1 

annua1 precipitation and the trend 01' annua1 water 10ss. The re1ations are classified into 

three areas by two symbo1ic 1ines with the slope of + 1 and O. The watersheds distributed 

on the 1ine with slope of 0 show the constant annual water 10ss. These watersheds a1so 

show the simi1ar trend of area1 precipitation and discharge. The watersheds distributed on 

the line with slope of +1 show the similar trend of area1 precipitation and water loss. This 

relation indicates that the discharge occurs constant amount. The watersheds distributed in 。

the area of the negative slope indicate that the trend of discharge exceeds the trend of areal 

precipitation. The watersheds distributed in the area of the slope between 0 to +1 indicate 

that the decreasing trend of discharge shows 1ess than the trend of areal precipitation. The 

watersheds distributed in the area of the slope with greater than + 1 indicate the converse 

trend in areal precipitation and discharge. 

Figure 50-c shows same relation as Fig.50-a of the 40 watersheds classified into A 

to C Groups. Excluding near the origin， each watershed classified into A， B and C 

Groups almost distri butes in the area of the slope wi th larger than + 1， between 0 and + 1， 

and with less than 0 ， respectively. 

As the results of those relationships， the watersheds classified into the A and C 

Groups show the abno口nalvariations of water ba1ance， and i t is considered that the some 

local effects such as land use change would exceed the effect of climate change in those A 

and C Groups. On the other hand， the watersheds classi1'ied into B Groups would have 

little effect of land use change. In those watersheds， it is considered that the effects 01' 

climate change will be cleared from the water balance variations. 

The water balance variations 01' the watersheds of B Group could be classified into 

two types，or Type I and Type II， using the season when the precipitation decreases. The 

schematic diagram of the seasonal re1ationships of water balance is shown in Fig.51. 

The Type 1 is the case that the precipitation decreascs in the dry season. On the other 

hand， the Type II is the case of wet season. 1 n thc じよlSC of Typc 1， the uccrease 01' 
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preclpltatlon occurs in the dry season when the precipitation is less than potcntial 

evapotranspiration. Therefore， it is considered that thc actual evapotranspiration is Iimitcd 

by the amount of the precipitation. As a result， the variation of precipitation atlects the 

acωal evapotranspiration directly. The variation of each annual water balance element wiII 

show the decrease of areal precipitation， decrease 01' water loss and invariance of 

discharge. 

In the case of Type II， the decrease of precipitation occurs in the wet season when 

the precipitation amount is sufficient for the evapotranspiration. Therefore， the actual 

evapotranspiration wiII occur up to the potential amount. As a result， it is considered that 

the variation of precipitation does not affect the actual evapotranspiration. The variation of 

each annual water balance elements wiII show the decrease of areal precipitation， invariance 

of water loss and decrease of discharge. 

The water balance variation cIassified into the Type 1 is suited to the relation with the 

slope of +1， and the Type II is suited to the slope of 0 in Fig.50-b. As a result that the 

watersheds of B Group situate between the slopes 0 and + 1 in Fig.50-c， it is considered 

that the watersheds could be cIassified by ei ther of the two types. 

In general， the distribution of precipitation in the tropics shows the large spatial and 

temporal va口ations. The trends of water balance elements between 1956 and 1983 and 

results of t-test are shown in Table 15. The results of t-test indicate that less than half of 

the 40 watersheds are significant at the 5 9もofsignificance level. In particular， the trends 

of discharge are significant at the 5 % of significance .level in only eight watersheds. 

Therefore. it is considered that the inter-annual variation of each element of water balance 

indicates the large deviations. 

This result shows that the watersheds could be cIassified into the Type 1 and Type II， 

distributed on and near the slopes of one and zero， respectively. Using the values of slope 

of this relation， the 40 watersheds reclassified into A to C Groups， and the B Group into 

Types 1 and II. The new cIassified diagram is indicated in Fig.52. The watersheds of B 

Group are reclassified into both Type 1 with the slopes frorn -0.5 to +0.5 and Type II ¥vith 

the slopes from +0.5 to + 1.5. The watersheds distributed in the area that the slope 
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indicates more than + 1.5 are reclassified into the A Group， and thc slope indicatcs lcss than 

-0.5 arc reclassitied into the C Group. 

The distributions of each group are shown in Fi g.53. Thc eight watcrshcds arc 

classitied into the A Group， and these watersheds distribute mainly on the southwcst 

inland of Wet Zone. This classification on the A Group is almost same classitication using 

the trend of annual runoff ratio in Fig.48. Four watersheds located near the origin in 

Fig.53 are added newly into the C Group. The 26 watersheds are selected into the B 

Group. The 15 watersheds located mainly in the Dry and 1ntermediate Zone are classified 

into the Type 1. The remaining eleven watersheds situated mainly in the central highland 

and the Wet Zone are selected into the Type II. 

The trends of monthly areal precipitation and monthly discharge of the watersheds 

classified into the A， B-1 (B Group and Type 1)， B-II (B Group and Type II) and C 

Groups are shown in Fig.54. 1n the case of B-1 Group， many watersheds shows 

decreasing trend of monthly areal precipitation in the northeast monsoon season from 

December to March. However， the monthly discharges indicate the invariable trend in the 

entire season. The northeast monsoon season is the dry season on the whole island of Sri 

Lanka. On the other hand， in the case of B-II Group" many watersheds indicate the 

decreasing trend of month1y areal precipitation in the intermons∞n seぉonsand the 

southwest monsoon season. 

The spatial and temporal variations of monthly precipitation in Sri Lanka are 

dete口ninedin the Chapter 5.2. The precipitation was notably decreased in the southwest 

monsoon season on the central highland area， and in the northeast monsoon season in and 

around eastem area of the Dry Zone. These resul ts such ωspatial and temporal variations 

support the classification of B司 1and B-II Groups. 

The water ba1ance variations in the Dry and 1ntennediate Zone are considered as 

follows. As for the effect 01" climate change on the 1vvater balance， the decrease of 

precipitation from 1950's until 1980's mainly occurred in the dry season. And it caused 

the decrease 01' evapotranspiration. However， the trend 01" dischargc was invariable. On 

the other hand， as for the effect 01' climate change on the water balancc in the Wet Zone， the 
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decrease 01' precipitation from 1950's until 1980's occurrcd in thc wct scason. And it 

caused thc dccrcase of discharge. However， thc trend 01" cvapotranspiration was 

invariable. 

6.2. Effect of land use and land use change on the water balance 

In order to clear unstabilization factors on the water balance of watersheds classified 

into A and C Groups， the overlay analysis is made between the distri butions of watersheds 

of A and C Groups and proportion of major land use by districts. 

Figure 55-a to Fig.55-d show the proportion by districts of tea cultivation， paddy， 

dense 1'orest and sparsely used cropland areas， respectively， overlaid upon the distribution 

01' the watersheds. Figure 55-a shows a high correlation between the proportion of tea 

cultivation and the distribution of A and C Group watersheds excluding Nuwara Eliya 

District. Therefore. it is considered that the land use of tea cultivation wiII affect the water 

balance 01' those watersheds. Figure 55-d shows that the land use of sparsely used 

cropland indicates a relatively high proportion in Ratnapura District， 8adulla District， 

Matale District and Kandy District in the Wet Zone where the watersheds c1assified into A 

and C Groups are distributed. Sparsely used cropland consists of shifting cultivation， 

abandoned tea， land under development and others. 

The dis幻t口butionand str印uctl印lr陀eof the shifting cultivation called 

were repo目edby Johnson and ScαI口1venor(1981). They indicated that the "Chena" was also 

cultivated only the Ratnapura Distict in the Wet Zone. The cultivation for rice in a dry field 

had been permi tted for the workers on the vacant land of estate. This cul ti vation had been 

limited only a harvest， and after harvest the area fallowed in five or six years. This land 

use type was classified into the shifting cul ti vation. 

1 n ordcr to confirm this fact， the proportion of these land uses on the fi ve watersheds 

located in the Wet Zone are calculated using numeric data of 5(泊m x SOOm square grid 

(Fig.5o). The land uses are classificd into three type such as tca cultivation， sparsely uscd 
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cropland and others. Two watersheds are c1assified into A Group， and the thrcc arc 

c1assified into B Group. The results indicate that the perccntage of sparscly uscd cropland 

of almost all watersheds 01' B Group are less than ten percent， and two of thrce watcrsheds 

indicate the proportion of one percent as Morape ¥-vatershed(6009) and Ta1awal匂 llc

watershed( 6021). On the con trary， the percen tage of sparsel y used cropland on the 

watersheds of A Group shows high value as over 25 percent as恥1alwalawatershed(0303) 

and Watawala watershed(6020). However， it is not clear relation with the percentage of 

tea cultivation. Therefore， some land use of the category such as sparsely used cropland 

makes rapid change of vegetation and land surface. As the resul ts， i t is considered that the 

land use affects the evapotranspiration and discharge systems. 

To estimate a relationship among the increasing trend of discharge， land use and its 

change， the relationships are illustrated between the proportion of the tea cultivation area 

and the regression coefficient of discharge trend on the six watersheds in Fig.57 -a. And 

the same relationship between the proportion of abandoned tea cultivation area from 1956 

until 1983 and the regression cωfficient of discharge trend on the six watersheds are 

shown in Fig.57-b. These six watersheds are located in the Wet Zone and c1assified into 

the A Group. 

As the resul t， the relationship between proportion of the area where the land use 

changes from tea cultivation and trend of discharge shows the relatively high coefficient. It 

is considered that many abandoned t伺訂eawil1 be cultivated arable land in the central 

highland of Sri Lanka. In general， it is easy to occur the surface runoff and decrease of 

transpiration in the newly cultivated arable land in the mountainous region. Therefore， it is 

considered that the land use change from tea cultivation is one of factors to increase of 

discharge amount. 
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a二+1 : The dischan!e shows invariable trend b 

a > + 1 : When the preci pitation decreases， 

the discharge increases. 

Fig.50-b Schematic diagram of relationship 
between trend of areal precipitation and water loss 
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Table 15 Trend of water balance between 1956 and 1983 
No. Name Penod Trcnd 

Watersheds in thc Wet Zone Arcal P. Discharge Water loss Runoff ratio 
0105 DeraIUyagala 1956 -1976 -20.9 12.4 -32.3 0.005-1-
0108 ImblUana 1956 -1973 -12.2 -5.2 -6.9 0.0001 
0112 Holombuwa 1963 -1981 -6.0 -26.2 20.3 -0.0077 * 
0301 Putupaula 1956 -1982 -22.8料 -2l.1 1.3 ー0.0018
0302 Millakanda 1957 -1978 -17.3 26.4 -50.7料 0.0102川

0303 Mal wala 1956 -1978 -21.5 28.8 -50.3料 0.0106 ** 
0304 Nambapana 1957 -1978 -10'-+ 50.1 ** -64.7 *本 0.0168料

0305 Ellagawa 1957 -1983 -30.1料 5.8 -38.8料 0.0076糾

0306 Dela 1958 -1983 -8.8 43.0 ** -5-1-.2料 0.0178川

0901 Agaliya 1957 -1983 -17.1 -2l.7 3.6 -0.0025 
1201 Bopagoda 1956 -1983 -9.9 -20.0 12.9 ー0.0050* 
1806 Samanalawewa 1959 -1979 ーl斗9 25.2 -.+2.-+米車 0.0129本

600-+ PeradeIU ya 1956 -1983 -1.+.8 -15.6 0.8 -0.0028 
6009 Morape 1956 -1981 -7.9 -.+.2 -5.6 -0.0001 
6020羽fatawala 1958 -1976 8.6 57.3 ** --+8.7料 0.0135料

6021 Ta1awakelle 1956 -1983 -11.2 -29.1 米本 5.7 -0.0068料

6027 Hol brook 1960 -1977 2.6 -11.8 1.+.-+ -0.0067 
10201 Alawwa 1956 -1982 -8.6 -7.2 -0.5 -0.0019 
10202 Bada1gama 1956 -1983 -1.+.7 * -.+.8 -8..+米 -0.0002 

10203 GirilUla 1961 -1981 -13.7 -4.3 -8.1 0.0001 

Watcrsheds in the Intermediate Zone 
2203羽fellawaya 1959 -1983 -3.+.7 ** 2.2 -35.3料 0.0106 
5202 Nilobe 1956 -1981 -39.3 ** -7.8 ー19.6 0.0067 
6015 Te1deIUya 1956 -1976 -33.5 * -92.8料 59.3料 ー0.0277料

6017 Kandaketi ya 1959 -1978 -33.3 料 ー77.9料 斗7.1 -0.0296料

6023 Ta1awakanda 1958 -1983 -9.6 -7.5 -2.1 ー0.0027
6029 Welimada 1960 -1977 -.+.5 斗2.1料 --+6.5料 0.02'+2料

6030 Wellewel1a 1961 -1972 -22.2 56.8 -79.0 ** 0.0234料

6032 MoragahamlUla 196-+ -1978 -38.2 10.2 --+8.4料 0.0092本

9901 Hettipola 1956 -1982 -13.7 * 11.4 -25.9料 0.0086 ** 
9904 Chilaw 1961 -1978 -18.3 * 0.0 -18.3 *ホ 0.0025 

Watersheds in the Dry Zone 

2201 Lunugamwehera 1956 -1978 ー18.7本 6.2 -24.5 ** 0.0073 ** 
220.+ Kuda Oya 1968 -1983 -27.0 -6.3 -20.7本 0.0015 
2601 Kataragama 1956 -1983 -22.0本車 -6.1 * -16.3 料 -0.0011 
5101 Periya Aru 1956 -1977 -33斗 木本 -31.4 -0.6 -0.0072 
5401 Welikanda 1956 -1978 -33.0料 0.2 -29.0本車 0.0085 * 
67伽~ Wahalkada 1956 -1973 11.5 2.3 9.2 0.0024 
9001 Kappacbchi 1956 -1983 -11.0 -6.6 -5.6 -0.0034 
9302 Nochchiyagama 196.+ -1983 -20斗 本 -7.5 -15.8 -0.0029 
9501 Mahauswewa 1956 -1983 -13.9本 -5.7 -6.1 ー0.0030
9502 Tabbowa 1961 -1978 -15.5 -2.5 -13.0 -0.0008 

(Remarks * sigruficant at出e5 % of sigIUficance level ) 

(Remarks ** : sigruficant at the 1 % of sigruficance level ) 
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Type 1 Decrease of precipitation in the Dry season 

P Dry season << PEt Dry season 

P Dry町 aSOll== Et Dry season 

Decrease of precipitation in the Dry season 

Decrease of evapotranspiration in the Dry season 
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Chapter 7 

Conclusions 

In the present study the effects of environmental change on thc watcr balance were 

investigated by the long-te口n climatological and hyclrological data. In Sri Lanka， 

climatological and hydrological conditions have been observed for longer than one hundred 

years and longer than forty years， respectively. The land use and land use change between 

1956 and 1983 were researched by Survey Department， Sri Lanka. From the comparisons 

of the water balance variations between the watersheds. the effects of environmental 

changes characterized by the temporal and spatial variations of air temperature and 

precipitation as climatological elements and by the ternporal and spatial variations of 

vegetation and land use elements were discussed. 

The result of the comparisons between the water balance variations classified the 

watersheds into the three groups， whose the trends of runoff ratio are increasing， 

decreasing and invariance. In particular， the watersheds classified into the group with the 

increasing trend of runoff ratio show the converse trend:s as the decreasing trend of areal 

precipitation and the increぉingtrend of discharge， those watersheds distributed mainly in 

the southwest inland area. 

The temporal variation on the water balance can be related with effect of some 

climatic factors. However， it is clear that the land use change such as shifting cultivation 

and abandoned tea made the discharge increasing more than climate change. 

The results of this study are summarized as follows : 

1) The spatial variation 01' trend of annual air temperature indicates the distribution of low 

values less than +0.40CI100 years on the coastal area excluding around Puttalarn located on 

the west coast in Dry Zone. However， the distri bution of high values are shown in the 

central highland. 

2) The spatial variation 01' trencl of annual precipitation indicates thc decreasing trend in 

and around central highland， and the eastem coastal area in the Dry Zonc. ln particular， thc 
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decrcase of precipitation in and arollnd central highland mainly occllrs in thc sOllth¥vcst 

monsoon scason. 

3) The water balancc analyscs from long-tenn obscrvation determinc that thc actllal 

evapotranspiration of watcrsheds indicates the similar values in comparison with thc varicd 

distribution 01‘ precipitation and surface air temperaturc. 

4) The results of water balance analyses suggest that the watershcds show the convcrse 

trend between the areal preci pi tation of watershed and discharge in the southwest inland of 

WetZone. 

5) The variations of water balance are classified into three categories as A， B and C 

Groups， and into two subgroups in the B Group of Type 1 and Type II using the relation 

between the trend of areal precipitation and the trend of water loss. The watersheds of A 

Group with large temporal variation of water balance are mostly vvatersheds with the 

converse trend between the areal precipitation and discharge in the southwest inland area. 

6) In the Dry and Intermediate Zone， the decrease of precipitation from 1950's until 

1980's occurred in the dry season. And the effect 01、decreaseof areal precipitation on the 

water balance appeared as the decrease of evapotranspiration and the trend of discharge 

was invariable. On the other hand in the Wet Zone， the decrease of precipitation occurred 

in the wet season， and the eff ect of the decrease 01' precipi tation appeared in the decrease of 

discharge. However， the trend of evapotranspiration was invariable. 

7) The land use on the watersheds classified as A and C Groups shows a relative high 

proportion of 、parselyused cropland" and tea cultivation in the Wet Zone. This category 

of land use consists of shifting cultivation， abandoned shifting culti¥叫 ion，tea， land under 

developments and others. 1 t is considered that the e1'fect of this land use changes 

evapotranspiration and discharge systems. Consequently the water balance in those area 

will be unstable. 

8) It is clear that the land use change from tea cultivation makes to increase the discharge 

of watershed. 

131 



References 

Bruijnzccl， L.A. (1988): Estimate 01' evaporation in pJantations 01" Agalhis dammara Warb. 

in south-central Java， Indonesia. 1. Trop. For. 5，'ci.，し145-1ol

Bruijnzeel， L.A. (1989): Nutrient cycling in moist tropical forcsts the hydrological 

framv¥'ork. MinerallIlllrienls il1 lropicalρJreslωld sa!Jalll川 町 、osyslems.ProctOL J. 

(ed.)， Blackwell Scientific Publications， Oxford， 473p. 

Bruijnzeel， L.A. (1990): Hydrology o.f moisllropical.foresls andと伊Cls0/ cOllversiofl : a 

Slαle o.f knowlどdgereview. UNESCO IHP Humid Tropics Programme， Paris， 

224p. 

Bultot， F.， Coppens， A.， Dupriez， A.， Gellens， D. and Meulenberghs， F. (1988): 

Repercussions of a CO2 doubling on the water cycle and on the vvater balance. A 

case study for Belgium. J. Hydrology， 99，319-347. 

Calder， I.R.， Wright， I.R. and Murdiyarso， D. (1986): A study of evaporation from 

tropical rain forest -west Java. J. Hydrology， 89， 13-31. 

Cohen， S.I. (1986): Impacts of CO2-induced climatic change on water resources in the 

Great Lakes basin. Clirnatic C加 nge，8， 135-153. 

Demaree， G.R. and Nicolis， C. (1990): Onset of Sahelian drought viewed asa tluctuation-

induced transition. Q.J.R. Meleorol. Soc. 116，221-238. 

Doley， D. (1981): TropicaI and subtropical forests and woodlands. Water d，とficilSαnd

plant growtlz VI. Kozlowski， T.T. (ed.)， Academic Press， New York. 209-323. 

Domr，りs，M. (1978): Aspects 01' aridity and drought in the monsoon climate of Sri Lanlω. 

lndian J. Met. Hydrol. Geoplzys.， 29，384-394. 

Domrりs，M. (1979): Monsoon and land use in Sri Lan!ω.GωjOl/rnal.， 3.2， 179-192. 

Domrりs，M. (1981): Dry years and their relationship to crop prlxiuction in Sriじlnka.

Geojolfrnal.， 5.2， 133-138. 

132 



Domros， M. (1984): Climatc and Agricultural land usc in Sri Lanka. ClilllaTe alld 

AgriclIlTlIralル111dUse il1 MOl1sooll Asia， Yoshino， M.M. (cd.)， Uni¥'crsily of 

Tokyo Press.， 398p 

Farmcr， B.H. (1952): Peasanl colonization in Ceylon. P山・(斤cAグairs.，25，389-398 

Farmer， B.H. (1954): Problems of land usc in thc Dry Zone of Ccylon. Geographi・cal

JOllrnal， 120，21-33. 

Flaschka， J.， Stockton， C. and Boggess， W. (1987): Climatic ¥'ariation and surfacc water 

resources in the Great Basin region. ~VaTer Resollrces slllleTin， 23，47-57. 

Glantz， M. and Wigley， T. (1987): Climatic variations and their effects on water 

resources. Resollrces and World Develof万nenT，D. Mclaren and B. Skinner (eds). 

Wiley. Chichester， 625-641. 

Glantz， M.H.( ed.) (1988): Socielal Respol/se lo Regiol1al CLill1aTic C/zaJ/ge : F orecasting 

by AJlalogy. Westview Press. Boulder， 418p. 

Gleick， P.H. (1986): Methods for evaluating the regional hydrologic impacts of global 

climatic changes. J.Hydrology. 88，99-116. 

Gleick， P.H. (1987): The development and testing of a water balance mcxie1 for climate 

lmpacts assessment. WaTer Resollr. Res.， 23， 1049-1 06l. 

Griffiths， G.A. (1989): Water Resources. Chapter XX， N'ew Zealalld reporT on Impacts 0/ 

Climate C/zαnge. North Canterbury Catchment Board and Regional Water Board. 

New Zealand， 21 p. 

Hulme， M.， Marsh， R. and Jones， P. D. (1992): Global change in a humidity index 

between 1931-60 and 196ト90.ClimaTe Researc・/z， 2， 1-22. 

IPCC (l990a): ClimaTe clwllge -The IPCC‘勺ieJ/TUl'c、AssessmeJ/T.Canbridge Uni¥'ersity 
Press， 365p. 

IPCC (1990b): ClimaTe clwllge -The IPCC I!IIpacTs Assess!IIellT. Australian Govcmmcnt 

Publishing Service， 143p. 

133 



IPCC (1992): Climσle clwnge 1992 The supplemenfary reporl 10 lfLe lPCC Scienl伊c

Assessmenl. Press Syndicate of the Univcrsity of Cambridgc， 200p. 

Johnson， B.L.C. and Scrivenor， M.Le.M. (1981): Sri Lanka，. Land， People and 

Ecotlomy， Heinemann Educational Books Ltd.， London， 154p. 

Jones， P.D. and Bradley， R.S. (1992): Climatic variations in the longest instrumental 

records. Climαte SiJlce A.D.1500. Bradley， R.S. and Jones， P.D. (eds.)， Routldge 

Publish.706p. 

Karl， T. and Riebsame，W. (1989): The impact of decadal t1uctuations in mean 

preclpltation and temperaωre on runoff : a sensitivity study over the United States. 

Climafic Change， 15，423-447. 

Kayane， 1. and Nakagawa， S. (1983): Evaportranspiration and water balance in Sri Lanka. 

Climαtological NOIω， lnst. Geosci. Uniν. o.fTsukuba， 33， 127-138. 

Kayane， 1.， Yamashita， S.， Nakagawa， S. and Nomoto， S. (1983): Salinization of 

groundwater in the Dry Zone of Sri Lanka. Clunatological NOles， Insl. Geosci. 

Univ. O.fTsllkuba， 33，147-154. 

Kayane， 1.， Nakagawa， K.， Edagawa， H. and Madduma Bandara， C.M. (1995): 

Hydrological consequences of global warming revealed by the century-Iong 

climatological data in Sri Lanka and southwest India. An interim reporl ollGBP 

Activities in Japαn. 1990-1994.， Scoence Council of Japan. 65-81. 

Keeling， C.D.， Bacastow， R.B.， Bainbridge， A.E.， Ekdahl， C.A.， Guenther， P.R.， 

Waterman L.S. and Chin， J.F.S. (1976): Atmospheric carbon dioxide variations at 

Mauna Loa Observatory， Hawaii. Tellus， 28，538-551. 

Kur勾i，K. (1996): Water balance studies on the moist tropical forested catchments. 1. Jpn. 

For. Soc. 78(1)，89-99.( in Japanese) 

Madduma Bandara， C.M.， and Kuruppuarachchi， T.A. (1988): Land use change and 

hydrological trends in the upper Mahaweli basin. ~Vorkslzop on Hydrology o.f 
Na!llral and man-made Forests in fhe Hill CO[{fllryο! .Sri Lanka， 18p. 

Masterplan for the Electricity Supply 01' Sriじlnka(1987): ~Valer Rω'ollrces Dalabase 

975p. 

134 



Mather， 1. and Feddcma， J. (1986): Hydrologic conscqucnccs 01' incrcasc in tracc gascs 

and CO2 in thc atmosphere. ~ルcts・。/ Challges in Slraloふphericοごolleolld Gωhal 

CLimale，1. Titus (ed.). USEPA. Washington、251-271

Matsuyama， H. (1992): The water budget in thc Amazon ri¥'cr basin during thc FGGE 

period. J. Meleorol. .5'0c. Japan， 70 ， 1071-1084. 

Matsuyama， H.， Oki， T.， Shinoda， M. and Masuda， K. (1994): Thc seasonal changc 01" 

the water budgct in thc Congo river basin. J.凡1eleorol.Soc. Japan， 72 ，281-299. 

Miyashita， Y. (1994): Hydrochemical evolution of groundwater in the tropical monsoon. 

Master degree's thesis， Master program in Environmental Sciences， the Universitv 

of Tsukuba， 100p. (in Japanese) 

Nakagawa， K.， Edagawa， H.， Nandakumar， V. and Aoki， M. (1995): Longterm 

hydrometeorological data in Sri Lanka. Data book of守1:ydrologicalCycle in Humid 

Tropical Ecosystems" Part 1. Rep. Spec. Res. Proj. Global Environ. Clzange， 

Univ. 01 TSllkuba， 474p. 

Nakagawa， S.， Kayane， 1.， Yamashita， s. and Nomoto， S. (1983): Micrometeorological 

observations of the Dry and the Wet Zones in S口Lanka.Climatological Notes， 

Inst. Geosci. Univ. ofTsukuba， 33， 165-175. 

Nemec， 1. and Schaake， J. (1982): Sensitivity of water resource systems to climate 

vanation. Hydrologicol Sciences. 27，327-343. 

Nozaki， Y. (1993): Global vVanning and tlze Oceans : The Role of Carbon Cycling. 

University of tokyo Press.196p. (in Japanese) 

Oyebande， L. (1988): Effects of tropical forest on water yield. Foresls， Climale and 

Hydrology : regional impacts. Raynolds， R.C. and Thompson， F.B. (eds.)， 

UNESCO， Paris， 16-50. 

Perera， L.K.， Tsuchiya， K. and Toyota， H. (1992): Identification ot・forestcover changes 

by Landsat MSS data and environmental effects of such changes in central south Sri 

Lanka. J. Geogrσplzy， 101(4)，307-318. 

Reading， A. J.， Thompson， R. D. and MiIlington， A.C. (1995): HUlIlid lropical 

Envirollltlents， BlackweIl Publish. 429p. 

135 



Revelle， R. and Waggoncr， P. (1983); Effects of a carbon dioxidc-induccd climatic changc 

on water supplies in the western United States. Clwllgillg ClimGle. National 

Academy of Sciences， National Academy Press. Washington， 845-850. 

Sanderson， M. and Wong，し(1987):Climatic changc and Grcatじlkcswatcr lcvels. The 

Illfluence o.f Climate Challge and Climatic Variαbilily 011 lhe Hydrologic Regime and 

Wαler Resollrces， S. Solomon et al. (eds.) IAHS Publication. 168，477-487. 

Schwarz， H.E. (1977): Climatic change and water supply How sensiti¥'e is the 

Northeast? Climale， Climatic Chαngeαnd vV;αler Sllpply. National Academy of 

Sciences， Washington， DC.， 111-120. 

Shuttleworth， W.J. (1979): Evαporation. Report no.56， 1 nsti tute of Hydrology， 

Wallingrord， 61p. 

Shuttleworth， W.J. (1988): Evaporation from Amazonian rainforest. Proc. R. Soc. 

Lond.. B233. 321-346. 

Singh， B. (1987): The impacts of C02-induced climate change on hydro-electric 

generation potential in the James Bay Territory of Quebec. The lnfluence 01 Climale 

Change and Climatic V，αriability on the Hydrologic Regime αnd Waler Resources， 

S. Solomon et al. (eds.) IAHS Publication. 168，403-418. 

Song， X. (1996): A study on the relation between water cycle and groundwater quality in 

Sri Lanka. Doctor degree's thesis， Doctoral program in Geoscience， the University 

of Tsukuba， 151p. 

Stewart， J.B. (1984): Measurment and prediction of evaporation from forested and 

agricul tural catchments. Agricultural Waler Managernenl， 8， 1-28. 

The Natural Resources， Energy and Science Authority of Sri Lanka. (1991): Natural 

Resources of S口Lanka.The Nαtural Resources， Energyαnd Science AUllwrity 01 

Sri Lanka. 280p. 

US Environmental Protection Agency (1984): PotelllIal ClinwTic ImpacTs o.f lncreasing 

Alrnosplzeric CO2 wiTh Emplzasis 011 WaTer Availabilityαnd Hydrology i 11 lhe 

United Slates. Ortice of Policy Analysis. Washingt:on， DC. 

136 



Yoshino， M. and Suppiah， R. (1982): Climatic Records of Monsoon Asia. Climatological 

Notes， Institute 01' Geoscience， Tsukuba University， 31， 80p. 

Yoshino， M. (ed.). (1984): C!ima!eωld agriclf!llfral land llse In ，.，1OI7S0017 AsiιUniv. of 

Tokyo Press， Tokyo， 398p. 

137 





き

圃'" ~ -
1¥) ~司. - 11 1 

ω ムE 11 lSQ曲

ーーー ゐ。園、
53e E5 「0コ3石帥


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151

