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EFFECTS OF GLOBAL WARMING ON HYDROLOGICAL CYCLE

By Haruya TaNnakaMarRU and Mutsumi Kapoya

Synopsis

We discuss the effects of global warming due to the increasing concentration of
atmospheric CO, and other trace gases on the hydrological cycle. First, the Long
and Short Terms Runoff Model (LST Model) is applied to the Wajima-Yanagida
experimental catchment of 0.15kf and the Eigenji Dam basin of 132kf to verify the
applicability of the model and then to identify the model parameters. Next, under
the hypothetical climate change scenarios of temperature increases and precipitation
changes, hydrological responses in these catchments are simulated by using the LST
model. As the results, the remarkable reduction in snow water equivalent is shown
for both catchments and the major change in the seasonal distribution of runoff is
observed for the Wajima-Yanagida catchment.
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Fig. 4. Eigenji Dam basin.
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Fig.5. Identified parameters (mn-h unit).
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(b) Eigenji Dam
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Tablel. Errors of simulated daily runoff
Wajima-Yanagida catchment Eigenji Dam basin
Year 2P JRE Eq 2P JRE €o
1975 — — — 3034 23.7 -7.2
1976 — — — 2982 28.7 +5.3
1977 — — — 2326 26.8 -4.9
1978 - - — 1717 37.6 +2.7
1979 — — — 2583 28.4 —-0.3
1980 - - - 2969 324 +7.0
1981 2702 21.8 +3.4 2364 26.3 -0.5
1982 2667 16.9 +2.0 2874 34.9 -1.3
1983 2590 16.0 +0.6 2581 29.6 +2.9
1984 2132 314 -15.2 2419 37.5 +4.4
1985 3174 28.5 —-2.7 2810 33.9 +1.7
1986 2013 29.7 +4.7 2562 31.0 +4.7
1987 2170 23.8 —-2.5 1796 24.6 -3.2
1988 2571 20.1 -0.4 2816 22.4 +2.1
1989 — - - 3047 26.9 +4.1
Mean 2502 23.9 -1.0 2592 29.6 +1.1

ZP : Annual precipitation (mm)
Jze : Relative error of simulated daily runoff (%)
£o : Water balance error(%), €,=(2Qc— 2@/ 2QoX100

___7._



196 BB 34 5B-2 ¥3. 4 (199D

1988 WAJIMA YANAGIDA CATCHMENT
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Fig.6. Simulated daily runoff hydrograph in Wajima-Yanagida catchment.

1989 EIGENJI DAM BARSIN
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Fig. 7. Simulated daily runoff hydrograph in Eigenji Dam basin.
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WAJIMA YANAGIDA CATCHMENT
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Fig.8. Simulated average snow water equivalent for present climatic conditions
and for six hypothetical climate change scenarios in Wajima-Yanagida
catchment.
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EIGENJI DAM BASIN
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Fig.9. Simulated average snow water equivalent for present climatic conditions
and for six hypothetical climate change scenarios in Eigenji Dam basin.
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WAJIMA YANAGIDA CATCHMENT
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Simulated average monthly runoff for present climatic conditions and
for six hypothetical climate change scenarios in Wajima-Yanagida
catchment.
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Simulated average monthly runoff for present climatic conditions and
for six hypothetical climate change scenarios in Eigenji Dam basin.
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MONTHLY EVAPOTRANSPIRATION(MM)

Simulated average monthly evapotranspiration for present climatic
conditions and for two hypothetical temperature increase scenarios in
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Table2. Simulated average annual evapotranspiration and runoff for
present climatic conditions and for six hypothetical climate
change scenarios

AT AP  ZP SE zQ
- — 2502 676 1.0) 1803 (1.0)
+2 — 2502 717 (1.08) 1764 (0.98)
Wajima- Yanagida +2  —10 2252 717 (1.06) 1523 (0.84)
e +2 410 2752 716 (1.06) 2007 (1.11)
catc +4 — 9502 760 (1.12) 1726 (0.96)
+4  —10 2952 760 (1.12) 1486 (0.82)

+4 +10 2752 760 (1.12) 1968 (1.09)

— — 2592 578 (1.0 2011 (1.0 )
+2 — 2592 608 (1.05) 1982 (0.99)
+2 —10 2333 609 (1.05) 1724 (0.86)
+2 +10 2851 607 (1.05) 2239 (1.11)
+4 — 2592 637 (1.10) 1953 (0.97)
+4 —-10 2333 638 (1.10) 1695 (0.84)
+4 +10 2851 637 (1.10) 2211 (1.10)

Eigenji Dam
basin

AT: Temperature increase (°C)

AP: Precipitation change (%)

XP: Average annual precipitation (mm)

YE: Simulated average annual evapotranspiration (mm)

ZQ: Simulated average annual runoff (mm)

( ): Ratio of simulated average annual value for hypothetical climate change scenario
to that for present climatic conditions
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Fig. 14. Simulated average flow-duration curves for present climatic conditions
and for three hypothetical climate change scenarios in Wajima-Yanagida
catchment.



HEstL - AR - KR LR S HSKERICS X 58 205

EIGENJI DAM BASIN
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Fig.15. Simulated average flow-duration curves for present climatic conditions
and for three hypothetical climate change scenarios in Eigenji Dam basin.
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