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1. Introduction
In recent years, there are concerns that global warming will lead to problems such as increases and
decreases in river flows due to changes in precipitation properties and changes in the seasonal
progression of snowmelt due to earlier snowmelt.
It is necessary to consider adaptation to climate change risk from various perspectives, such as
reviewing dam reservoir operations and replacing facilities.
Under such circumstances, large ensemble global warming projection data within high
spatiotemporal resolution have begun to be developed in Japan and are now available for use in
global warming impact assessment.
Long-term projections of future river discharge show declining future snow water resources, which
may reduce available water resources during summer periods in the future ⇨ Concerns about
increased risk of summer drought
However, few studies have provided detailed analysis of future changes in available water resources
and precipitation-free water in the Japanese region.

3.2 Weather patterns leading to changes

River discharge simulation: We used a hydrological
model “HYDREEMS” to simulate river discharge. This is a
distributed hydrological runoff model that analyzes river
flow. Six long-term simulations of streamflow were
conducted under each of the climates.
Atmospheric data: Simulated climate taken from “d4PDF”
that was dynamically downscaled for the Japanese region
to 5-km RCM (31-years x 12-ensemble members: 372
years, downscaled from d4PDF 20km RCM).
Target region: We evaluated the impact of climate change
on snowmelt discharge within the Shogawa River (Class A
river) basin in mountainous central Japan. Most of the
basin is designated as a “special heavy snowfall area”.

*Precipitation: statistical bias correction method (Watanabe et al. 2020)
applied based on observed values (1-hour AMeDAS station obs.) with
snowfall capture rate correction (Masuda et al. 2019).

(a) Topographic map of Japan and location of the Daimon River 
basin study area. (b) Schematic diagram of HYDREEMS.

This study evaluates the areal impact of global warming on the amount of available water resources
and the number of days without precipitation, and the hydrological droughts using the latest climate
projection data and analyzes its meteorological factors.

Data： d4PDF climate simulations (Mizuta et al. 2017; Ishii 
and Mori 2020)
（by MRI climate model：GCM/60km, RCM/20km）
Large number of ensemble simulations for

probabilistic impact assessment of climate effects

Historical present climate simulations (PC): 1951 - 2010
（60-years x 30-ensemble members: 1800 years）
Global warming experiment (4K warming climate):
（60-years x 30-ensemble members: 1800 years）
For summer: June ~ August 

(Fresh) Water availability (WA): 
Precipitation minus evapotranspiration (P-ET: mm)
Continuous dry days (CDDs): 
Number of consecutive days with daily precipitation less 
than 1 mm/day 

3. RESULTS 3.1 Future discharge changes in water availability and dry spells 

Thermodynamic impactThermodynamic impact

3.3 Hydrological droughts

The climate projections exhibited a reduced WA in the majority of Japan, consistent with increases in both frequency and duration of dry spells.
The impacts of climate change on water availability vary by WP, with a significant increase in dry conditions under WPs with intensified climatological Pacific high over eastern Japan.
The decompositions of climate change impacts by WP analogs revealed that thermodynamic and dynamic effects account for approximately 80 and 20% of WA change, respectively.
Additional hydrological model simulations show that the drought discharge decreased by 33 (15) % under the +4-K (+2-K) warming climate, and the number of consecutive hydrological
drought days increased significantly unprecedent level.
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※Please see detailed 
method and Eq. in my paper


