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LAKE COMPARATIVE STUDY AND ITS APPLICATION TO THE MANAGEMENT OF THE DRAINAGE BASIN

HERE . FREX
Takehiko FUKUSHIMA®, Hideo HARASAWA®

ABSTRACT; To propose the software and hardware systems for promoting environmentally sound manage-
ment of lake and its drainage basin, the first step was made to pointing out the similarities and
differences among the four Bast-Asian lakes; L. Kasumigaura (Japan), L. Laguna (Philippines), L.
Songkhla (Thailand), and L. Dianchi (China). They are seriously expected to play a central part in
the supply of water resources, but now confronted with the shortage of water quantity and the dete-
rioration in water quality. Some comparisons from the many different kinds of viewpoints for exam-
ple topographical, meteorological, socio-economic environments, characteristics of ecosystenms, etc.
indicated the vulnerability of water resources in the lakes of such type. A simple calculation with
the aid of the notion of human carrying capacity also suggested that larger forest area would be ne-
cessary in the catchment area for satisfying the demand for drinking water and that for maintaining
the good condition of lake water quality.

KEYWORDS; Management of lake watershed, Comparative limnology, Water resources, Carrying capacity

1. BEdIZ

Lt &%, HIRERT. HEENFER L, ' HE V¥ 0FHEe LTAHWS R TWAOR. (DEBRTOR
T HEER Z L ZHRL LTWD. QBARERIEEL THD 00RO Y Y TVEND 2 RETHHTFR
BREATERY, QROEMLLTOLTRACESHENI NS, LEMNBHLEALND, R Z LOONTHR
FMFETR, HRBKOULR L HROBEL. MAEPBATEH L h TS (B 1987) . ABETHHHRC
HBFEoFRERA LN, I I TOLBMED BER. (DIBOA25THIRE D TOHE. (2)ERRR
Oz ERED . (3)EHDIH [ Natural conditions ]
PHOMBICECIHEROBHE L 20 l Lake bast lCatchment area l , Meteorological conditions ]
BRMERRORKICOB D BO T, d

ORI 720 - MR E 7 M AE R oD BB [ Managenent ]
KHoTEDSHE - REMIBERS Water resources
ABb0. (OBMISWMORE, (5 [ Water environment G toration progran
Bhidescriptive Tz < analytical, &

Water & Lake
EThb, ZZTHREE. FIRORE. utilization

ER%EFig. 1IO0LIRBPHATRTINWS,
W& E LEDIREHARDL. Kasumigaura, _—.L(Iatchment area IOther‘ watersheds]

74 Y ¥ Y0L.Laguna, ¥ 1 DL.Son- [ Socio-economic environment ]
gkhla, HEBERIEOL.DianchiTH Y.
;/ﬂd':ﬁﬁ\ ﬂgiﬁd)?j(ﬁﬁﬂ)fﬁt LT& Fig. 1 A Schematic view of the comparing procedure.

*ENIAEMZERF  The National Institute for Environmental Studies



H&h., ERFCHEE. HROMESRTELTWAHTHS.

2. EfRRE
WiE. FROEE, #Hx. HBcifha5E%Table 1 ILF LB, THUNAOEHBED T 4 FBOHIE.
HE, B3R, WERLEORNSERNTAE LT LS CHD (Hutchinson 1975, HEF 1976) ,

(LS e M oMIEEEOmEEON 1 % THH (L.DianchildER Num. of lakes
BCHLT) . BAOHD VR BHIAXWHTS S, 048048

(2)FEIKFES mEUF LW, Table 3R 5 & 5 IKMIHA LOT <01 [ ] |
W (Holomictic) . 01~0.2

(3)L.Dianchi% R & WIS IHELS . KPR WBEHKDREANSHS, 02-05
HREBWTIRTKICEKBMEALTWSAHBH D (Depth of cryptodep-  05~1
ressiondiE) , 1~2

(4)relative depthix0. 1% F & MIBHES 2T L AR, shoreline de- 275
velopnentih2ll ECAMIMR T L A R L. littoral RO MMM T Lk 7
BHOEEO LI %R T, TREERD S, BARTRIkm B E, R T (1) Relative depth
4000km? B E DBz O WT O D OIEER B LT EOHENTT R E L

Fig. 20 & 512 %, EWlllTlirelative depthd/h& < | shoreline de- 1-12 A B
velopment S AE W & Mbhb, Ff=. development of volume {EL. Son- 12-15 ]_1
ShlaERE LT, TNBOWIRLF- ORI, BAKREN ML o
RL5TWzWN, s

GYRATNR D 5AFR WHRA L THBANIZRZREOWTRED

R ofl) | ALMATREMEL. FNIFIROTE, FJIHE, TIKER
BEEE Lz, L. Songkhlald FIRTIREAA < . MBI 2T > T Wy
Bhbd 500, MOBBRBEL HARBIERE < . RFHIOW &did kv Fig. 2 Frequency distributions of

two morphometric parameters

(2) Shoreline development

ZLERLTWS, HEROQKPENIDFELIL10-30kmpHRHEL S TWE 0D on lake basin. A; Japagese
T (&7 1973) . HBIMNTNIMSN L WA B, TRREIIE < BAR o e oo
NS WA, BB ISR WERIC 5 5. 4000ka?.

Table 1 Lake origin and morphology

L. Kasumigaura L. Laguna L. Songkhla L. Dianchi®'

Origin Lagoon Lagoon Lagoon Tectonic
Surface area (km?) 22072 891°* 1,082°4-% 307
Catchment area excluding lake (km?) 1,949 2,920°3 6,938°4 2,627
Mean depth (m) . 4 2.8 1.53 4.4
Maximum depth (m) 7 7.3 >6 10.9
Volume (10°m?) 848 3,200 1,600 1,200
Length of shoreline (km) 262 200 163.2
Total length of the main streams (km) 317 366 470 310
Total length of all streams (km) 411 608 844 472
Altitude of the lake (m) 0.16 1.8 0 1,886
Maximum difference in altitude. in the watershed (m) 875 2,163 1,300 934
Relative depth (%) 0.047 0.022 0.028 0.055
Shoreline development 3.0°8 2.1 2.77 2.6
Development of volume 1.7 1.2 0.77 1.2
Area of watershed /lake surface area 8.9 3.3 6.4 8.6
Mean basin width (km) 6.0 8.0 14.8 8.5
River density (km™') 0.25 0.21 0.12 0.18
Basin shape factor 0.019 0.021 0.031 0,027

*1; Liu 1988, *2; Nishiura basin 171km?, Kitaura basin 34km?, *3; Pacardo et al. 1988, *4; Setamanit 1987,
*5; Thale Sap Songkhla 176km?, Thale Sap 365km?, Thale Luang 41Bkm?, Thale Noi 28km?, *6; Nishiura, #7; Thale
Sap, no annotation; LEC'S 84
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Fig. 3{1) Seasonal change in precipitation
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Fig. 3(2) Seasonal change in runoff. L. Kasu-

migaura; £X(1981), L. Songkhla; SLB
Rep. No. 8.

Table 2 Climatic features

L. Kasumigaura Laguna L. Songkhla L. L. Dianchi

Annual mean temperature (°C) 13.3+0.5 27.410.4 27.6+0.2 14.74+0.5
Annual precipitation (mmy=') 1240+ 165 18761430 2115+422 1008 1158
Total of effective temperature ZT:e (degree-day) *! ~4,000 ~10,000 ~10,000 ~5,000
Warmth index (degree-month) "' 105 268 272 116
¥arm humid index (month) °2 4 7 ] 4
Net primary productivity'' (tha 'y~') due to temperature 17.0 26.2 26.3 18.2
due to precipitation 16.8 21.4 22.6 14.6

*1; Uchijima 1882 #2; Takahashi 1988
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Table 3 (1) Charactieristics of tropical lakes (compared with arctic and temperate lakes)
Physical * considerably lower differences in maximum density across the thermocline (a few degrees)

(Lewis 1973) % small effect of the Coriolis force — * difficulty in the formation of stable thermocline

*

Chemical so efficient in the degradation of organic compounds that they are generally more
(Lewis 1973) transparent for a fixed standing crop and hence have a deeper eutrophic zone and thus
a higher potential for primary production

Biological * less pronounced seasonal patterns of primary and secondary production
(Taub 1984) * shorter time lags between primary production and its utilization
* important role of seasonal precipitation patterns on seasonal biological cycles in spite of

the uniformity of temperature

(Burgis & * dominant role of the daily pattern of events in regulating the plant and animal communities
Morris 1987) in comparison with the seasonal variation

Table 3 (2) Characteristics of shallow lakes (Burgis & Morris 1987)

Physical * never experiences of thermal stratification for more than a few days at a time
* high resuspension rate —» % turbid water due to silt
* frequently return of organic matter and nutrients
* greater portion of lighted zone and warmer water -» * high productivity

Biological * primarily littoral community — * often abundance in submerged, floating, and emergent macrophytes
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Table 4 Economic and social conditions (Natl. Diet Lib. 1988)

Japan Philippines Thailand China
Per capita national income (US dollars) 8,712 476 579 219
Tap water rates at the capital city (yen/30m?*) 3,600 591 267 174
Population growth rate (%y-') 0.6 2.5 2.0 1.2
Infant death rate (per 1000) 6.2 50 12.4
Expectation of life at birth (y) 77.0 64.8 60.6 55.1
Rice yield (tha ') ] 1.7 1.8 3.5
Rate of irrigated farm land (%) 98 45 37
Fertilizing rates (tkm2y-') N 13 1.3 3.54
P 14 0.69 0.94
Table 5 Watershed socio-economic features
L. Kasumigaura L. Laguna L. Songkhla L. Dianchi!
Population (10*) 85°2(1985) 238(1980) 120(1980)"? 165(1982)
Increase rate (%y™') 3.0 5.22°1 2.09 2.75
Population density (km2) 436 815 m 439
Person engaged in primary industry (%) 20.4 9.8 71.0 47.7
Population of the largest city (10%) 12 " 10 10 >100
Rice production (ty~') 227,000 500,000° 2
Livestock (heads) Cattle 40,000°5
Pig 3170,000°% 270,000 ¢ 158,000
Duck 670,000°8 200,000°7
Chicken 5,700,000°8 3,000,000°"
Fish catch (ty') 11,000°% 19,000°¢ 7,000°°
Cultured fishery (ty') 6,600°° 63,000°¢
Fish productivity (tkm2y') 80 92 6.5

+]1; Zhang & Liu 1989, *2; Ibaraki Pref. 1987, #3; Setamanit 1987, *4; Pacardo et al. 1988, *5; Maeda 1986, *6;
Morioka 1984, *7; SLB Rep. No.10, #8; Lopez & Centeno 1987, *9; Setamanit 1988

Table 8 Watershed land use (%)

L. Kasumigaura L. Laguna L. Songkhla L. Dianchi-'

Forest 28.6 23.8 22.5 16.5
Rerbaceous vegetation 16.2
Swamp 4.2 0.7 2.2
Agricultural land 50.8 52.0 73.0 17.1

paddy field 23.2 14.4 35.3

others 27.8 26.7 37.7
Settlement 12.7 6.5 2.3
Others 3.7 0.3

*1; Liu 1988, Others from LECS' B4
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Table 7 TN budget in paddy field (tkm-2y-')

Input Output
Export coef.
rainfall irrigation fertilizer products outflow
L. Kasumigaura 0.64°! 1.53! 4.1 11.3*'  1.80°! 2.12°8
L. Songkhla 0.19°2 ? 3.5°2 4,54 0.71°% 0.9°¢

*1; Takamura et al.(1977) May-January, averaged conc. 0.83mgl-' *2; conc. 0.lmgl™', *3;
27.5—41.3kgha 'y~', *4; rice productivity: L. Sohgkhla 200tkm-2y~', L. Kasumigaura 502
tkm-2y-', *5; conc. 0.9mgl-!, *8; Export coef. used for the loadings from paddy field

Table 8 Loadings (ty-' and % in the parentheses) and inflow concentrations (mgl-')

L. Kasumigaura L. Laguna L. Songkhla L. Dianchi*’

Nitrogen (1981) (1977)

Industrial 219 (5.2) 190 (4.8) 485°% (5.9)

Domestic 1,299 (30.6) 1,400 (35.5) 1,500 (18.1)

Agricultural 2,099°% (49.4) 1,904  (48.3) 6,296°5 (76.0)

Natural or others 632  (14.9) 448  (11.4)

Total 4,249 (100.1) 3,942 (100.0) 8,281 (100.0) 8,785
Inflow conc.*! 2.10 0.986 1.51
Observed river conc. 3.27°2 1.11°3 2°1 7.08
Phosphorus

Industrial 121 (26.5) 40 (4.2) 102°* (5.4)

Domestic 124 (27.1) 197 (20.9) 129°*  (6.9)

Agricultural 164°% (35.9) 626  (66.3) 1,650°5 (87.7)

Natural or others 48  (10.5) 80 (8.5)

Total 457 (100.0) 942  (99.9) 1,881 (100.0) 2,072
inflow conc.”! 0.209 0.236 0.342
Observed river conc. 0.216°2 0.454"2 0.5°* 1.67
Per capita value (kgcapita='y~!)

™ 1.53¢ 0.59-% 1.16°* -

TP 0.146°® 0.083"® 0.1°¢ -

x1; Total loadings+Annual river inflow water volume, *2; Ibaraki Pref. 1988, (Ave. of 28 rivers), *3; LLDA 1987
1P, Ave. of 9 rivers), *4; SLB Rep. No.10, *5; nutrient load factors for pigs were changed, TN:

(RHa-N+NOs~N,

80.3->3.0, TP: 25.3—>1.6 kg head"'y~', #6; including fish culture, *7; Zhang & Liu 1989, Total of 5 rivers, Sum
of the water discharge 1,242x10°m®y~', *8; Domestic loadings/population, no annotation; LECS' 84
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Fig. 6 Water flows in the four lake watersheds. . P1; Precipitation, E1; Evaporation in the watershed,
P2; Precipitation, Ep; Evaporation in the lake, Qy; Discharge through streams, Q2; through
groundwater, Q3; to downstream, Uj; Utilization o} groundwater, U2; of lake water by watershed
activity, U3; Conveyance to other watersheds, Ug; Utilization of stream water, Ug; of lake
water for cooling water.

Table 9 Wastewater treatment

L. Kasumigaura"! L. Laguna °? L. Songkhla -? L. Dianchi

#Most of the domestic sewerage
and industrial waste water is
untreated.‘®

*No sewerage and sewerage
treatment system
*Self purification is

#No adequate sanitary facilities of public
sewerage (Upper or middle class house-
holds have individual septic tanks, but

sPublic sewerage 8.4%, Septic tanks 18.7%,
Nightsoil treatment plant (miscellaneous
effluent discharged from ordinary life;

untreated) 72.9%

sEffluent standards are applied to
manufactures, sewerage treatment plants,
live stock sheds, etc.

sHore than 80% of livestock nightsoil is
used as fertilizer in farm land. Only
6%(TH) and 5%(TP) of supplied nutrients
effluent from there.

low class have none.)

+Only 85 out of 424 plants have wastewater
treatment systems (1975)(removal factor
TN: 7%, TP: 24% (1980))

#The low ratios(Domestic: TN 20%, TP: 14X,
Live stock: TH 11X, TP 13X) of inflow
toad to generated load in domestic and
livestock waste indicate some self-
purification in streams etc.

expected before reaching
to the lake(removal
factor TH: 30¥°* or
100%°5 TP: 70%°* or
100%°°).

(*Some industries are
required by law to have
wastewater treatment
facilities.)

*The total loading rate of waste
water accounts for 25.6% of the
total surface runoff."’

#In most water resources, the
contents of conlonbacillus and
bacteria exceed the standard.®

«1; Ibaraki Pref. 1988, #2; Pacardo et al. 1988, »3; SLB Rep. No.10, *4; near the lake, *5; far more than 30 km from the lake, *6; Liu 1988, #7; Zhang

& Liu 1989
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Table 10  Water resource
L. Kasumigaura L. Laguna L. Songkhla L. Dianchi
Annual precipitation (mmy=') , P 1,332°7 2,069°2 1,863 1,032°¢
Annual evaporation in watershed (mmy-') , E 871! 1,122°% 1,064°3 828"
P-E (mmy ') 531 947 789 204
Base flow rate (md™') , B 1 (0.5) 0.333 0.40°4
BxArea 1 (10°m*d™') , Qa' 1.95 (1.46) 2.29 1.05
Q' /Population (1d-'person') 2,293 . (613) 1,908 637
BxArea 2 (10°m3d™') , Qu? 0.56 (0.35) 0.52 0.17
Qs2/Population (1d-'person=') ] 659 (147) 433 103
Annual water supply[(P-E)XArea 3](10°m’y™'), Qr 1,434 3,603 6,328 599
Annual vater demand(10°w’y~'), Dr(the future plan) 908(1,533) 307°5(1,623) 500°2(1,594) 528°4(841)
Streamwater or groundwater 519 239(632) 500(624) 368(681)
Lake water 290 68(75) 0(370) 160(160)
to other watershed 99(625) 0(916) 0(0) 0(0)
Uilization ratio, Br/Qr 0.63(1.07) 0.085(0.45) 0.079(0.25) 0.88(1.40)
Annual differencein water level (m) 0.32"' 1.7 0.62'7 <!
(regulated) (regulated) (unregulated) (regulated)
Residence time (y) 0.46 0.68 0.22 1.24

*1: Ibaraki Univ., 1984, *2; LEC'S 84, *3; SLB Rep. No. 8, #4; Liu 1988, #5; Pacardo 1988, *6; EX(1981), *7; SLB Rep. No.10,
Area 1; watershed area, Area 2; forest area, Area 3; watershed area+lake area
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Table 11 Water quality

L. Kasumigaura L. Laguna L. Songkhla L. Dianchi-®
Salinity(10-'%) 0.02~0.2"' sometimes > 12 Songkhla; 0~30 Sap; 0~15, 40mg/1 C1-°7
Luang; 0~11, Noi; 0
pH 7.17~8.8 7~8 6~8 8.9
DO(mgl-') 7.6~12.0 8~10 Luang; 6.1~7.7, Noi; 4.1~5.7 Caohai; 4.8, Waihai; 5.4
(sometimes below 2)
Annual mean water 14.3 25.6 29.4 17
temperature(°C)
Transparency(m) 0.6~1.7 0.1~0.7 Sap; 0.3~0.9, Luang; 0.4~0.7 | Cachai; 0.35, Waihai; 1
SS(mgl-') 5~17 6.0~78.5mgl"'Si02 °? Luang; 32.9~35.1 Caohai; 40, Waihai; 18
168(west bay)"* Noi; 26.2~178.7

Annual mean of

TH(mgl~') 0.964 0.893 Luang; 0.77 Cachai; 2.91, Waihai; 0.68

TP(mgl-') 0.061 (1P 0.088°?) (1P, Sap 0.1~0.15) 0.14, 0.031

CoD(mgl-') 8.1 Sap; 1~2 68.8, 39.5
TSI(6~100)"* 84 60~70 60~70 Caochai; 70~90, Waihai; 50~860
Coliforms(MPN/100ml) 102~104"% 102 ~10* 1~10°
Primary Prod. 1.3~2.17(gross) | 0.4(net, Jan.-Dec., Noi; 0.1~0.5, Luang; 1.3,

(gCm2d°') 0.9~1.9(net)"? 1986)°? { Sap; 0.1~0.3, Songkhla; 0.4°!°

s1; Maeda 1986, *2; Morioka 1984, #3; LLDA 1987, #4; Setamanit 1987, #5; Ibaraki Pref. 1988, #6; Zhang & Liu 1989, ¢7; Fukushima
1989, Others; LECS'84, *8; Aizaki et al.(1981), #3; Otsuki 1987, #10; SLB Rep. No.10

Table 12 Heavy metals in lake sediments (mgkg ')

Cr Mn Zn Cd Hg Pb
L. Kasumigaura®! 23~43 488~1,179 84~185 0.32~1.05 0,03~0.09 24~46
L. Songkhla®? 200~1734 29~89 1.9~16.1 32~79
L. Dianchi-? 94~116 3.3~23.2 0.08~0.22 58~ 146

x1; Ibaraki Univ. 1977, 0~10cm layer, #2; SLB Rep. No.10, *3; Zhang & Liu 1989



(UIhTK; $OFRE BEERKEE 2o TWAA, L.Kasunigaura TR R TOEKIEA. BIHTTONO
3-NiER. AR T OEBERLAYES. L. Dianchi CRAFHEMSE W Lo & BKAHET. BT, N7
) T ER R ENEEE ko TS,

()33 f ; Table 13iCik 4 IR TDerosionBOF I ER T, BRI R X OBD TREWEIE (>1000
mekm 2y~', B 1987) kH~UhXWAS, 4FicL.Dianchi TR HIEE M < bR A K E W,
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Table 13 Problems in watershed

L. Kasumigaura L. Laguna L. Songkhla L. Dianchi

Soil erosion (tkm2y') 67~91°! <400°2 60~175°?(or 750°*) 325°5
Deforestation (X of catchment area) 4%(1960-1986)"%  14%(1946-1977)"2  10.8%(1975-1985)"" 33.5%(1950~1981)"°

+1: Otsubo 1984, from the profile of '37Cs etc., *2; Pacardo 1988, *3; SLB Rep. No. 4, from the river sediment data,
+4; from the profile of '37C,, #5; Liu 1988, *6; Ibaraki Pref. 1987, #7; Setamanit 1988, *8; Zhang & Liu 1989

Table 14 Haximum population density and TN cencentration

L. Kasumigaura L. Laguna L. Songkhla L. Dianchi

Required area per person (m2capita™')

Agriculture'', A 450 1,130 1,130 646
Settlement 2, B 250 250 250 250
Forest*?, C 280 560 848 700
Total, (A+B+C) 980 1,940 2,280 1,596
Population density (km~2) Maximum, 1/ (A+B+C) 1,020 515 449 627
TN loadings (kg-capita='-y-!)
Agriculutural**, D 0.95 1.02 1.02 0.97
Domestic'S, E 1.63 0.59 1.18 1.53
Natural-®, F 0.3 0.22 0.34 0.28
Total, (D+E+F) ) 2.8 1.8 2.5 2.8
Runoff water'’ (10°m’capita-'y') ,G 0.52 1.84 1.80 0.33
Concentration (mg/1-') , (D+E+F) /G 5.4 0.98 1.4 8.5

+]; rice for one person: 113kgecapita='y™', rice yield: 502, 200, 200, 350tkm 2y-!, respectively, other agri-
culture area=area of paddy field, *2; 4,000 persons km 2, *3; required domestic water: 280lcapita-'d"', base
flow: 1, 0.5, 0.33, 0.40mmd"', *4; export coef.: 2.12, 0.9, 0.9, 1.5tkm 2y"', *5; per capita value: 1.53,
0.59, 1.16, 1.53kgcapita-'y~'(Table 8), *6; L. Kasumigaura 12.7, others 4kgha 'y ', *7; (A+B+C)Xx (Annual
precipitation—Annual evaporation)
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