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Dynamical downscaling using monthly mean GCM was performed with a support
of Environment Research and Technology Development Fund (s-8-1(2)3) by
Ministry of Environment. Land cover change experiment was carried out with a
support of RECCA (Research Program on Climate Change Adaptation) program by
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Two topics

(1) Historical land use change impact to regional
climate

(2) Global warming influence to regional climate
in North Japan, especially to snow regime.

=>» Discuss combined effect (A hypothesis)



Historical land use changes in Hokkajd

Deciduous
broadleaf

Why interesting and important ?
— Evidence of whole-island-scale land cover change
— Snow cover makes dynamic seasonal variation in land cover

— Drastic change is expected in snow regime due to global
warming



Land use data and run settings

Full-grassland Full-forest

* ARW/WRF Ver3.2.1
-Cumulus: KF
-Microphysics: WSM-6
-Land surface: NOAH-LSM

Historical Current *Grid size: 16 km (100 x 100)
LU Categories for Old-LU (16km) LU Cotegories for Current-LU (16km) . .
-Without nesting

*Dec. 2003 — 1 Dec. 2004
(run from 15 Oct 2003)

*Driven by JRA25, OISST



ldealized land cover change experiment
()lfference in temperature; Grassland minus Forest)
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Temperature increase is very weak Largest increase occurs in sprlng
while summer temperature is not sensitive.



ldealized land cover change experiment
(leference in PreC|p|tat|on Grassland minus Forest)
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Local circulation change is excited by energy budget and roughness
changes which eventually reduce precipitation, especially in coastal area.



Comparison between rural and urban
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Land use change effect for All Hokkaido island seems small while
urbanization effect would be very large for Sapporo city.



Experimental design for global warming simulation
10km mesh

|V|O_d€| 50km mesh
-ARW/WRF Ver3.2.1 .
-Grid size: 50 km (30 x 30), 10 km (86 x 86 -l‘
-Cumulus: KF ’
-Microphysics: WSM-6
-Land surface: NOAH-LSM

Boundary forcing and initial condition

-Atmosphere:
NCEP-NCAR reanalysis with GW anomaly
equivalent to 2060-2089 (T, U, V, Z)
-SST:
OISST with GW anomaly equivalent to 2060-2089
-Land use: USGS

Period
00Z 21 Nov. 2005 — 31 Dec. 2005
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Sato et al (2007) for detailed method



Dynamical downscale using anomalies from multi-GCM
MPI

" Winter temperature
change (2080~2099)

DDS-MRI

Courtesy of JAMSTEC group for technical support



Changes in snow regime due to global warming

In case of Snow depth in 31 Dec 2005

snowh at 31DEC2005 RUN=ctl
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' For both DDS, snow depth is drastically decreased along eastern
“side as a result of increasing environment temperature. This also

means snow-covered duration tends to be shorten.
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Sensitivity experiment for land use change
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Conclusion

* Forest to grassland conversion does not cause large temperature
change as it was observed. Further experiments with different
parameters or different LSM are necessary.

e Urbanization effect seems to be a primary factor for causing
warming trend in Sapporo. Additional experiment with realistic land
use change is just started.

e Simplified global warming run is a good method to study sensitivity
of snow in Japan to the mean temperature change. Multi-GCM and
Multi-year run will be useful to produce uncertainty information.

* Further studies are necessary for future regional climate with
possible land use change taken into account.

Either of global warming run and land use change run in this talk is
underway. | suggest you to carefully refer these results.



Long -term trend in Hokkaldo (North Japan)
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Sapporo District Meteorological
Seasonal variation of recent temperature trend Observatory, JMA (2010)



2005/12/13 12UTC (IR

<<cold/dry air>>

Cold and dry air from Eurasian continent was modified with moisture
supply from warm ocean, which makes very heavy snowfall along the
western side of central mountain in Japan.

Snowfall in Japan occurs with relatively high temperature. Therefore,
it would be very sensitive to the temperature
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Temperature change (2080-2099; December-January-February

tas diff(2080—20990DJF) ccecma_cgem3 1

tas diff(2080—20990JF) csire mk3 O

tas diff(2080—2099DJF) gfdl cm2 O

40E S0E GOE 70E BOE S0E 100E 110E 120E  130E  140E  150E 1

—1 [ [ [ I I I I [ [ [
-1 -a& o 05 1 2 3 4 5 3 8

T Tmm/d]

tas diff(2080—2099DJF) giss_model e r

40E S0E GOE 70E BOE S0E 100E 110E 120E  130E  140E  150E 1

—1 [ [ [ I I I I [ [ [
-1 -a& o 05 1 2 3 4 5 3 8

T Tmm/d]

70E BOE S0E 100E 110E 120E  130E

140E 150E 1

=1 [ [ [ I I I I [ [ [

-1 -a5 0 05 1 2 3 4 5 B 8

T Tmm/d]

40E S0E GOE 70E BOE S0E 100E 110E 120E  130E  140E  150E 1

-1 -—a5 o 05 | 2 3 4 5 3 f‘s 10 [mm/d]

40E S0E GOE 70E BOE S0E 100E 110E 120E  130E  140E  150E 1

-1 -—a5 o 05 | 2 3 4 5 3 & 10 [mm/d]

tas diff(2080—2099DJF) mri_cgem2 3 2a

40E S0E GOE 70E BOE S0E 100E 110E 120E  130E

140E 150E 1

[
-1 -a5 0 05 1 2 3 4 5 B 8

tas diff(2080—2099DJF) ukmo hadgem

T lmm /d]

40E S0E GOE 70E BOE S0E 100E 110E 120E  130E  140E  150E 1

=1 [ [ [ I I [ I I [ [
-1 -a& o 05 1 2 H 4 5 3 &

T lmm /4]

40E S0E GOE 70E BOE S0E 100E 110E 120E  130E  140E  150E 1

[ [ [ I I [ I I [ [
-1 -a& o 05 1 2 H 4 5 3 &

T lmm /4]

40E S0E GOE 70E BOE S0E 100E 110E 120E  130E

140E 150E 1

-1 -85 0 05 1 2 H 4 5 & &

T lmm /4]




+2.0

+1.5

+1.0

+0.5

Observed Temperature difference
T‘AII Hokkaido (3 stations without urban)

Idealized LU change
All Hokkaido (Grassland minus Forest)
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*Temperature change that is expected by idealized LU change is
rather small compared to the observed temperature change if we

consider All Hokkaido area.

*Cold season tends to have larger temperature change due to

deforestation.
Multi-year run is required.



