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Hydrological Study on Floods in Rivers Overseas (Part 1)
By
Takeo Kinosita

National Research Center for Disaster Prevention, Japan

Abstract

Hydrology is a natural science which is strongly affected by local conditions such
as climate and land form. Strange as it may sound, it is difficult for a hydrologist to
understand the hydrological conditions of other lands than his native land. Japan is
an island country, so hydrology in Japan is mostly focused on phenomena occurring
in humid mountainous small basins. But Japanese hydrologists are willing to expand
their own interests to the world-wide scale to contribute to the future development
of human society for the 21st century, in which most people may starve because of the
rapid increase in population and serious limitation of food. Water, especially where
it is excessive or insufficient, will be a hard obstacle to food production in future.
It is the most important task for the future prosperity of humanity to find a way to
reduce the damage caused by excessive water, that is to say floods, by means of ex-
change of formation on a world-wide basis.

In this report discussions of floods in the Tigris and Euphrates, Irrawaddy and
Yellow River refer to the data both presented by the participants in the seminar on
Technology for Disaster Prevention supported by JICA and given by their counter-
parts during the visit.

Figures 1 and 2 show the precipitation distributions in Iraq. The precipitation
in the Tigris basin is more than that in the Euphrates basin, and there is no rain in
summer in this country. The relationship between inundation area and the water level
in Baghdad in the cases of nine major floods is illustrated in Fig. 3. Short-period waves
in the flood hydrograph for the Tigris prevail as shown in Fig. 4, though its drainage
area is wide. In the correlation between the annual maximum water levels of the
Tigris and Euphrates plotted in Fig. 5, it may be assumed that the lower envelope
indicates a relationship between runoffs from the main basins of the Tigris and Eu-
phrates, and the deviation from it means the local inflow into the Tigris, which has

many tributaries in comparatively humid areas.
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The observation network in the Irrawaddy basin shown in Fig. 6 is properly
operated day by day. The annual runoffs at the key stations are calculated from daily
discharge observations. The upper basin of the Chindwin has big annual runoff due
to heavy rainfall, while the runoff is small at the downstream station Prome because
the middle basin is semi-arid, as shown in Fig. 7. Fig. 8 illustrates the correlation of
the peak value of the sum of discharges at Monywa and Sagaing to the peak value of
the discharge at Prome. The good correlation implies that the peak reduction due to
channel storage is canceled by the local inflow and flood forecasting is available by a
stage-stage method. Numerals indicated in Fig. 8 are the time lag of the peak dis-
charge in days. In the most cases, they are 4 days, but an exceptional case can be
found at the upper right of Fig. 8 with a 2-day time lag. The deviation of this point
can be estimated by the local inflow which is induced by the rainfall illustrated in
Fig. 9. This fact tells us that local storms sometimes appear and bring forth a certain
amount of rainfall even in a semi-arid area. Fig. 10 gives an example of the flood hydro-
graph in Irrawaddy which has a long-period wave with short-period waves.

Fig. 11 shows the parabolic relation between annual precipitation P and the an-
nual runoff § in major rivers in China. This trend can be understood as an extension
of the same relation found in Japan. In the Yellow River the annual water yield (run-
off) is rather high in the upper basin of Lanzhou, where the annual runoff ratio is
about 0.4, while the sediment yield is small. Between Lanzhou and Toketo, where
there have been many irrigation networks completed since 2000 years ago, the annual
water yield is negative, in other words evapotranspiration is much greater than pre-
cipitation. From Toketo to Huayuankou, the annual water yield is small, namely
the annual runoff ratio is about 0.1, while the sediment yield is very big because the
famous loess plateau spreads extensively over the basin. These significant trends are
illustrated in Fig. 12 where the abscissa is a drainage area from the river source. Fig.
13 shows how much runoff ratio appears during the short period of the high intensity
of rainfall in the Jiuyuan Valley in the Yellow River basin. The reduction of the peak
discharge in the Yellow River in the case of the storm of July 1958 was clearly ob-
served as shown in Fig. 14 and a quantitative explanation is given, based on schematic
pictures of Fig.16, by using a simple assumption of channel storage for peak reduc-
tion. The weather analysis shown in Fig.15 of the storm of July 1958 was carried
out by Chinese meteorologists, the causality of a rain storm is somewhat different
from that in Japan.

Although rivers overseas generally have wide drainage areas, a short-period
wave is included in most cases. This fact means that a flood is induced by a storm
appearing at a downstream basin or tributaries, and affected by local conditions. Rain-
fall and temperature must be observed at the same time as water level observation
in order to evaluate discharge with rainfall and temperature. It should be stressed
more that hydrometeorological factors are necessary in analyzing flood characteristics
in any basin.

The author would like to point out one more comment on the effect of human
influence upon flood runoff. According to experience obtained in Japan, the effect

is remarkable in cases of rapid land development. Some of the deviations found in
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these figures may be a result of human influence. The river basins mentioned above
are very big, but the author is afraid that dense population, development of agricul-
ture, industrialization and construction of embankments may change water balance
in an undesirable direction, for instance increase of flood discharge and decrease of
low water flow. It is hoped that these concerns will be checked for better manage-
ment in further development of river basins.
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Table 1 Monthly Numbers of Occurrence of
KEHDHODT, 2—75F R Eisd Maximum Water Level in Tigris and

Euphrates from 1925 to 1954.
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Table 2 Annual Mean Discharge in Key Stations in

Irrawaddy. Qg: Discharge in Sagaing, Qm:
Discharge in Monywa, Qp: Discharge in
Prome.

Qs
8796
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Qm
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4263

QsHim
14639
11001
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1972161042907 9011 | 8678
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Fig. 9  Rainfall Distribution at the Middle and Lower Basin of Irrawaddy,
August, 1974.
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Fig. 10 Examples of Flood Hydrographs in Irrawaddy and
Chindwin at Sagaing and Monywa, 1971.

7« 7oAIC8 AIIAD»G 3 HElith:h, BEMAT250mmOFENS 7. & DD
NEAHEZR9IRY. 120kmx320km O REMEAICHMIRICHERDSS D, BicHig
BOAEDMH 8 AISHICHIE Lc EHET S & 4600m’ /s E>THH A ¥ « =7 Difi
B52500m’ /s ITI A 5 & 57,100m' /s &£78 T o LDFE 57000m’ /s &—HF 50T,
EUAICRFEROR I THETEZITH 5. FHIhIVDHY ZHBIEIC S Z DIED
WL FHCETTNELEERLTVA,

koA Fo s 57 OFIERINRT. AEUEEDICEEL TE>»hOGRBEO RS
HBTLBF VI REUTOE. K| (HH4 ), Kl (=) Lbicli-EE LD
BABELEMEIC KRS N BRIC L3RI TH AT EARLTH S,

4. FEOFEN, £LLTHEA

1) Fidi=E
MR EE, RHE-WREVIETERSN . T ARE—HKLRRELEEFiEh,
HH LD - A ROREETEELERTH S, FEED > THROKAicE T 3 FEiE%

£ 3 PEFEEAIORHE
Table 3 Runoff Ratios of Major Rivers in China.

Drainage | Mean Annual|Mean Mean Annual| Annual
Area Discharge AnnualRunoff | Precipitation | Runoff Ratio
REAHA | FHER | THHES | FHKEP | FRME
1 0K 10m R/ Amn o S~ P
Songhua River #B{EL 546 76 1392 566 0246
Liao e b | 219 22 1005 509 0198
Hai » 8 319 207 649 494 0131
Yellow 4 ® oA 152 48 638 433 0147
Huai ” #E 260 393 1512 849 0178
Yangtze ” #FiT 1800 1020 566.7 1069 0530
Pearl # & A 450 3068 6820 1395 0489
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Fig. 11 ./S~P Relation in Major Chinese Rivers, Where S is Mean
Annual Runoff and P Mean Annual Pricipitation.
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Table 4 Basic Data at Specific Locations Along Yellow River.

T Drainage Area |Distance from River [Elevation|Annual Runoff Actually average Silt Load
(lf) Source (km) (m) Recorded (10°M*) |per annum (10° ton)
# # Maduo 20930 2700 4215 - =
R H#Guide 133650 17420 2201 20.2 20
#® M Lanzhou 222551 21190 | 1511 317 110
FERHE Toketo 385966 34716 984 247 148
# [ Lungmen 497557 41967 377 319 1,080
=k Sanmenxia 688421 44388 270 420 1,678
{EE 0 Huayuankou 730036 46959 89 470 1,400
#l ELiJin 751869 536 0.0 74 - 1,250
# O River Mouth 752443 56436 0 = —
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Fig. 12 Runoff of Local Inflow in the Yellow River Basin.
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Fig. 13 Runoff Ratios of the Short Storms
observed in Jiuyuan Valley.
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Table 5 Runoff Ratio and Soil Loss in Short Storms in Jiuyuan Valley in the
Yellow River Basin.

Date Rainfall Rainstorm Runoff per|Soil Loss | Runoff Ratio
B [ Unit Area | per Unit
Average in the | A(103m3) Area A/B
Wa tershed Duration | Intensity|Duration kid
i hr ap/fmin | min __mm ton ki
Aug. 8 1956 45.1 240 20 7.0 211 18500 047
Aug. 3§ 1959 799 1890 08 100 162 12150 019
Aug. 1 1961 577 314 3.3 100 321 26,200 056
July. 5 1964 1291 1881 L1 8.0 17.2 15600 013
July. 17 1966 788 574 28 5.0 5394 29,100 068
Flood Seasen
1958 506.2 507 0.100
1955 28586 1155 0040
Yearly 3620 243 0.067
Average |

TWa., ChhhbodREsEFL ChEb,
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Table 6 Observed Peak Discharge in Yellow
LT S River in July 1958.
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Fig. 14 Observed Peak Discharge in Yellow
River in July 1958,
(4) 195857 H1THD#E K (KF, 1981A)
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Fig. 15 Meteorological Explanation of the Cause of the
Storm in July 1958. Movements of Air Masses at
the Yellow River Middle Basin 20°00, 16 July

1958.
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Fig. 16 Schematic Explanation of Peak Discharge Reduction in the Case of
the Flood in 1958.
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