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® \/rsion: 20151013

® Spatial coverage: Global, including sea and AnizaictNote however that the data
over the sea and Antarctica are not bias-corrg@ted the raw data of the JRA-55
reanalysis were used). Only the data over the\\are bias-corrected.

Spatial resolution: 0.5° regular grid coordinatsteyn

Time coverage: Jan. 1, 1958 to Dec. 31, 2013

Time resolution: 3-hourly, daily & monthly

Variables:

» 3-hourly: 2-m air temperaturénip2m °C), precipitation grecsf¢ mm/3-hour),
downward shortwave radiation fluxigwrfsfc W nr?), downward longwave
radiation flux @iwrfsfc W ni?), 2-m relative humidityrg2m, %), 2-m specific
humidity spfh2m kg kg?), 2-m vapor pressuregp2m hPa),10-m wind speed
(wind10m m sb) and surface pressungréssfc hPa)

» Daily: daily mean 2-m air temperaturaye2m °C), daily maximum 2-m air

temperaturetnax2m °C), daily minimum 2-m air temperaturenfn2m °C),
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daily total precipitation grecsf¢ mm d'), daily mean downward shortwave
radiation flux fiswrfsf¢ W ni?), daily mean downward longwave radiation flux
(diwrfsfc, W n12), daily mean 2-m relative humidityh@m, %), daily mean 2-m
specific humidity $pfh2m kg kg?), daily mean 2-m vapor pressuneap2m
hPa), daily mean 10-m wind speeslir{d10m m s') and daily mean surface
pressurefressf¢c hPa)

Monthly: monthly mean 2-m air temperatutave2m °C), monthly mean daily
maximum 2-m air temperaturén{ax2m °C), monthly mean daily minimum
2-m air temperaturetrin2m °C), monthly total precipitationpfecsf¢ mm
month'), monthly mean downward shortwave radiation fldswrfsfc W ni?),
monthly mean downward longwave radiation flukwifsfc W ni2), monthly
mean 2-m relative humidityl{2m, %), monthly mean 2-m specific humidity
(spfh2m kg kg'), monthly mean 2-m vapor pressurag2m hPa), monthly
mean 10-m wind speedvind10m m s!), monthly mean surface pressure
(pressf¢ hPa) and number of wet days in a montbt(days)

® File format: 4-byte real plain binary (for GrADS)é&NetCDF4
® Note for users:
» This data set is currently available for particifsanf the S-14 project. After the

publication of a data set description paper, th&a dset will be open for
scientific communities.

» Contact person:

For person who are joining the S-14 project
Yukiko Hirabayashi (hyukiko@sogo.t.u-tokyo.ac.gmnd
Masahiro Tanoue (masatano@sogo.t.u-tokyo.ac.jp)
For person who are NOT joining the S-14 project

Toshichika lizumi (iizumit@affrc.go.jp)

Detailed description of the bias-correction methods

1.1. Bias correction of the JRA-55 reanalysis 3rhyodata

The data obtained from the JRA-55 reanalysis (Kabhyet al., 2015, Harada et al.,
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2016) were spatially interpolated to 0.5° grid sefl the regular grid system from the
original reduced Gaussian grid system with the gridrval of ~55 km (or ~0.563°) by
applying the inverse-distance-weighted averaginghoteto four nearest neighboring
grid points. In the bias correction, first, themelysis surface pressure was corrected for
the elevation. The reanalysis 2-m air temperatwae gorrected for the elevation as well
as the monthly biases in mean temperature and aitemperature range using the
CRU-TS3.22 data (Harris et al., 2013) as the ref@eFor the reanalysis 10-m wind
speed, the 12-monthly climatologies of the climatiariable in 1961-1990 were
adjusted to be the same with those of the referdat® the CRU-CL1.0 (New et al.,
1999). The reanalysis downward shortwave and lomgweadiation fluxes were
corrected in the similar manner with the wind spdmat using the 12-month
climatologies calculated using the NASA-POWER datd983-2007. The reanalysis
vapor pressure was derived from the reanalysisifspédamidity and surface pressure
and then corrected for the monthly biases in vagessure based on the CRU-TS3.22
data (Harris et al., 2013). Using the correctedoerature and vapor pressure mentioned
above, relative humidity was re-calculated (reférte as the corrected reanalysis
relative humidity). Similarly, the corrected spécihumidity was computed using the
corrected reanalysis surface pressure and vapasymee Finally, the reanalysis
precipitation was corrected for the monthly biagegrecipitation amount using the
GPCCv7 data (Schneider et al., 2015) as well asiwtibeber of wet days in a month
using the CRU-TS3.22 data (Hatrris et al., 2013 precipitation was further corrected
for the gauge type using the data collected in Matet al. (2002) as well as
wind-induced rainfall and snowfall undercatch byplggmg the precipitation phase
detection method of Yamazaki (2001) and the coecketind speed, temperature and
vapor pressure. These corrections were appliededthourly data and the daily and
monthly data were calculated using the correctedidy data.

1.1.1. Surface pressure

The reanalysis surface pressure at the 0.5° CRUnneavation (available at:
https://crudata.uea.ac.uk/~timm/grid/CRU_TS_ 2 1lhtm was calculated by
incorporating the effect of elevation correction the reanalysis temperature, as in
previous work (Ngo-Duc et al., 2005, Weeden et2d111, 2014):
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T 9/ARy
PSJRA,y,m,d,h = PSJRA,y,m,d,h[M] ’ (1)

TO,JRA,y,m,d,h

where the suffixy, m, d, h indicates year, month, day and 3-hourly intervahkiday,
respectively; PS,, andPSra is the reanalysis pressure at the CRU elevatiahsaa

level, respectively (hPa)lz, sra and To, Jra is the reanalysis temperature at the CRU
elevation and sea level, respectively (°€)s the acceleration of gravity (9.81 m)sy

is the environmental lapse rate (0.0065 K)mnd Ra is the gas constant of air (287 J
kgt K™?).

1.1.2. Temperature
The bias-correction method applied to the reanal2sin air temperature was the same
with that used in the generation of major forcingtad sets (Sheffield et al., 2006,
Weedon et al., 2010, 2014). The reanalysis temperatas corrected for the elevation
by assuming the environmental lapse rate to atlpeselevation difference between the
reanalysis and reference data (the CRU-TS3.22,iHatral., 2013). The elevation
correction was important for some land grid celleghwcomplex topography (e.g.,
around the Himalayas), but relatively less conteduto remaining land grid cells
because of the relatively small gap in the grie $iztween the reanalysis (0.563°) and
reference data (0.5°) used in this study.

The monthly biases in mean temperature relatithd¢oeference data were removed:

T;,RA' yomd.h :TJRA' ymdnt (-FCRU,y,m _-I__JRA, y,m), (2)

where T,,, is the reanalysis temperature corrected for theithip bias in mean
temperature (°C)Tira is the reanalysis temperature (@pnd Tcru and Tora is the
monthly mean reference and reanalysis temperatespectively (°C). The corrected
reanalysis temperaturd (, ) was further adjusted so that the monthly meaeresice
and reanalysis diurnal temperature range matchadaher:

T

DTRcru,y,m - -
WRA;I,mX( JRA, y,m.d,h _TJRA,y,m,d)! (3)

JRA y,m,d,h JRA y,m,d,h

where Ty, is the reanalysis temperature corrected for thethip bias in diurnal
temperature range (°C)DTRcru and DTRra is the monthly mean reference and

reanalysis diurnal temperature range, respectif@y, and T, .4 iS the reanalysis



126  daily mean temperature calculated from the corce8tbourly data (°C).
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128  1.1.3. Wind speed and downward shortwave and longwavatiadifluxes

129 The reanalysis wind speed and radiation fluxes weeected using the method
130  described in lizumi et al. (2014). The reanaly$lsni wind speed was scaled so that the
131  12-monthly climatologies of the reanalysis datd 961-1990 were the same with those
132  of the reference data (the CRU-CL1.0, New et &199):

, _Ucrum
133 U JRA y,m,d,h = xU JRA, y,m,d,h? (4)
U JRA/M

134  where U, is the reanalysis wind speed corrected for thethiplimatology (m $);
135 Ucru and Ugra is the monthly climatology of the reference ananaysis wind
136 speed, respectively (m's and Ujra is the reanalysis wind speed (f).sNo time series
137 reference wind speed data at the global scale wasrdason for the use of this
138  correction method. The original 10-m reanalysisd\speed was directly used when the
139  reference wind speed climatologies were not aviglady a given land grid cell.

140 The reanalysis downward shortwave and longwaveatiadi fluxes (W 1f) were
141  corrected in a similar fashion with the wind spedulit using the 12-monthly
142  climatologies derived from the NASA-POWER data
143  (http://power.larc.nasa.gov/index.php) in 1983—2867he reference data.

144

145 1.1.4. Vapor pressure, relative humidity and specific hilityj

146  For the consistent bias-correction across the mn@stariables considered in this study,
147  we first computed “reanalysis” vapor pressure ushespecific humidity and surface
148  pressure, both were obtained from the reanalys$& da

_ QJRA,y,m,d,h [PSJRA,y,m,d,h (5)

149 e = )
RARMER T 0378Q jma yman + 0622

150  where esra is the reanalysis vapor pressure (hR@)ra is the reanalysis specific
151 humidity (kg kg"); and PSra is the reanalysis surface pressure (hPa). Then the
152  calculated reanalysis vapor pressure was scalétasthe monthly mean reference and

153  reanalysis vapor pressure matched each other:

' _ éCRU, y,m
154 e.JRA, y,md,h = = XeJRA, y,md,h? (6)
€JRrA, y,m
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where e'JRAE,hr is the reanalysis vapor pressure corrected fandasthly bias (hPajand
ecru and era is the monthly mean reference and reanalysis vgpessure,
respectively (hPa). The corrected reanalysis va@pessure was again converted into
specific humidity using the corrected reanalysi$asie pressure:

0622¢

JRA,y,m,d,h ()

- 0378e

JRAy,md,h

QlJRA,y,m,d,h = PS

JRA,y,m,d,h

where Q.. is the corrected reanalysis specific humidity Kegf); and PS, is the
corrected reanalysis pressure obtained in theceatip (hPa).

The corrected reanalysis relative humidity wasigoted using the corrected vapor
pressure and saturation vapor pressure calculasig uhe corrected reanalysis
temperature:

, e
RHJRAymd'h :MX].OO, (8)

esat.]RAy,m,d,h
where RH,., is the reanalysis relative humidity (%nd e,,z. (hPa) is the
saturation vapor pressure under the corrected IyesismaemperatureT., ) which was
derived using Tetens equation (Kondo, 1994):

e, =6.107810°7®*7) (9)

whereT is the temperature (°Cand a andb are the empirical coefficiente£7.5 and
b=237.3 for above water; and a=9.5 andb=265.3 for above ice).

1.1.5. Precipitation
In the precipitation correction, we had three stéipst the reanalysis monthly biases in
wet-day frequency and precipitation amount wereemed the reanalysis precipitation
was then divided into rainfall and snowfadnd finally the reanalysis rainfall and
snowfall were separately corrected for the windiiretl undercatch.

To correct monthly biases in precipitation frequenthe reanalysis 3-hourly
precipitation below a threshold was replaced bypzer

. 0 if Posygn <Py
Poryman = p e (1)
PJRA,y,m,d,h If PJRA,y,m,d,h>|:)tr,y,m
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where P, is the reanalysis precipitation corrected for k&s in monthly wet-day
frequency (mm 3-ht); Pira is the reanalysis precipitation (mm 3irand Py, y, m is the
monthly threshold of 3-hourly precipitation amo@mm 3-hrY). This correction was for
the “too many wet days” case so that the numbewetf days in a month calculated
using the corrected 3-hourly data at this step &acdoser match with that of the
reference (the CRU-TS3.22, Harris et al., 2013)t W&y was defined as a day with
daily precipitation >0.1 mm Has in New et al. (1999) to be consistent with the
reference data. A specific threshold value thategthe closest match between the
reference and reanalysis wet-day frequency wagrdeted for each year, month and
grid cell by examining possible threshold valuethimi the range of 0.1-20 mm 3-hr
with the interval of 0.01 mm 3-#r as in lizumi et al. (2014). However, no correctaf
the “too few wet days” case was made for this stiihe following steps were applied
to the corrected reanalysis precipitation with zene value.

The reanalysis 3-hourly precipitation was scaledhst the monthly reference and
reanalysis precipitation amount matched each other:

" I_DGPCC, y,m
PJRA, y,md,h T — PJRA, y,m,d,h (11)
P JRA y,m

where P,., is the reanalysis precipitation corrected for thenthly bias in
precipitation amount (mm 3-fy; Percc and P ra is the monthly reference and
reanalysis precipitation amount (mm moHthrespectively. The GPCC Full Data
Reanalysis Version 7 (Schneider et al., 2015) veasl as the reference data. The ratio
values Q_Depcc/ EJRA) were truncated by a certain value (=10.0) to éeiceptionally
large ratio and subsequent unrealistic precipmat@lues. Although this monthly
scaling might cause the discrepancies in the wethdaguency between the reference
and corrected reanalysis data, we thought thatuhgber of grid cells with this problem
would be small and left them as they were.

Next the correction of wind-induced undercatchhef corrected reanalysis 3-hourly
precipitation (P, ) was separately conducted for rainfall and sndwTdle equation of
Yamazaki (2001) was used to divide the correctedalysis 3-hourly precipitation into
rainfall and snowfall:
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S:{l— 05exg}- 2.2(1.1—wa 31, <11 (12)

o.5exp{— 22(T, -1, T, =211

where s is the proportion of snowfall in the I®urly precipitation; and Tw is the

wet-bulb temperature (°C). The wet-bulb temperatvaie computed (Yamazaki, 2001):
T, = 0584T + 0875e- 532, (13)

whereT ande is the corrected reanalysis temperature (1, ) and vapor pressure

(hPa, e, ). For rainfall, as in previous work (Motoya et,&002, Hirabayashi et al.,

2008b, Hanasaki et al., 2008), the equation of kogtdal. (1994) was used:

CR,, =100- 151U - 021U 2, (14)

whereCRuain is the catch ratio of the precipitation gauge for rainfall; and U is the 2-m
wind speed (m'Y. The corrected reanalysis 3-hourly 10-m wind spge,,,) was used
after adjusting the elevation by assuming the litigauic profile:

U=U,, [[h(zj / |n(1OJ , (15)
Z Z

wherez is the roughness length (m) collected and usédirebayashi et al. (2008b)

values were truncated by a certain value (=6.0auoid unrealistically large rainfall
values after the correction. For snowfall, the gatype-specific correction factors of
Motoya et al. (2002) were used, as in previous wgikabayashi et al., 2008b,

Hanasaki et al., 2008):
R = {a explbU) for knowngaugetype (16)
"% | 50exp(— 0182U )+ 50exp(- 0112U) for unknowngaugetype’
whereCRsnow IS the catch ratio of the precipitation gauge for snowfall; and a andb are
the empirical coefficients (Table 2).values were truncated as in the rainfall.
Then the corrected 3-hourly rainfall and snowfaticaints were combined:

PJII?A ymdn = CRain (1_ S) Pira y.m.d.h T CRuow STPira yim.d.n (17)

where P, is the reanalysis precipitation corrected for wiad-induced undercatch
(mm 3-hrh).

1.2. Bias correction of the CMIP5 GCM daily data
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The cumulative distribution function-based statstidownscaling method (CDFDM,
lizumi et al., 2010, 2011, 2012) was applied to lies-correction of the GCM daily
data obtained from the WCRP CMIP5 multimodel endendata set (Taylor et al.,
2012) under four different Representative ConcéintmaPathways (RCP) scenarios
with the radiative forcing of 2.6, 4.5, 6.0 and 86m? (Moss et al., 2010). As listed
below, the eight different GCMs, GFDL-ESM2M, IPSIMGA-LR,
MIROC-ESM-CHEM, HadGEM2-ES, NorESM1-M, MIROC5, MIRDESM and
MRI-CGCM3, were considered in this study. These GGMere selected based on the
availability of climatic variables at a daily tinsep which are necessary to run impact
models across major sectors (e.g., crop modelsyological models, terrestrial
vegetation models). Also we covered all GCMs usetthé ISI-MIP data set (Hempel et
al., 2013) so that impact modelers can comparénbalifferent data sets.

The GCM daily data were spatially interpolatedt6° grid cells in the regular grid
coordinate system by applying the inverse-distameghted averaging method to four
nearest neighboring grid points of a GCM. The CDFmMsls commonly applied nine
different climatic variables, including daily meamaximum and minimum 2-m air
temperature, precipitation, downward shortwave &mogwave radiation, specific
humidity, relative humidity and 10-m wind speedpWapressure was excluded because
specific humidity or relative humidity are more amon as a climate input for many
impact models. Also surface pressure was not cersidin the bias-correction of the
GCM data because no GCM daily surface pressurewate available in the CMIP5
data set.

The procedure of the CDFDM was the same forlefatic variables considered here.
If precipitation was used as the example for exgtiary purpose, the error of a GCM in
daily precipitation was defined for each percentié the empirical cumulative
distribution functions provided from the daily GCiid observations (i.e., the corrected
JRA-55 daily data elaborated earlier) for the bhaseperiod 1961-2000, grid cell by
grid cell, for each of mid-latitudinal warm (May—@ber) and cold (November—April)
seasons. The 40-year baseline period was selexitbtv consistent comparison with
the ISI-MIP data set (Hempel et al., 2013) whichsuthe same 40-year baseline period
derived from the WATCH Forcing Data (WFD, Weedelet2011).
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1.3. Differences of the S14 Forcing Data compapeather major forcing data sets.

The bias-correction methods applied to the surfaessure and temperature were the
almost same with those used in previous work (Ngo-Bt al., 2005, Sheffield et al.,
2006, Weeden et al., 2011, 2014). A difference @t found for the method for
correcting the wind speed because this study deateébe 12-monthly climatologies of
the climatic variable as in lizumi et al. (2014)evbas many other forcing data sets used
reanalysis wind speed data without any correctra¢ & Dirmeyer, 2003, Ngo-Duc et
al., 2005, Sheffield et al., 2006, Weeden et #1112 2014) or only with the elevation
correction based on the logarithm profile (Hiralkshyaet al., 2008b, Hanasaki et al.,
2008). The correction method used for the downvstiatwave radiation flux was the
same with that used in previous work (Ngo-Duc et2005, lizumi et al., 2014) which
was relatively simple compared to other forcingadséts (Zhao & Dirmeyer, 2003,
Sheffield et al., 2006, Weeden et al., 2011, 2014).for the downward longwave
radiation, we made the correction for the 12-mognttlimatologies of the climatic
variable as in Ngo-Duc et al. (2005) and lizumakt(2014) which is different with the
method solely based on the elevation correctione@®a et al., 2011, 2014) but simpler
than the method of Sheffield et al. (2006) that bmmad the CRU-TS cloud cover data
and SRB downward longwave radiation flux data.his study, the vapor pressure was
corrected for the monthly biases, as in lizumile{2014), using the CRU-TS3.22 data
and the specific and relative humidity were re-glted to be consistent with the
corrected vapor pressure, surface pressure andetatupe. This method is different
with previous work which modified specific humidityalues by incorporating the
elevation correction effect on temperature andas@fpressure with the reanalysis
relative humidity unchanged (Zhao & Dirmeyer, 2088,0-Duc et al., 2005, Sheffield
et al., 2006, Hanasaki et al., 2008, Weeden eR@l], 2014). As for the precipitation,
the correction for the monthly biases in precipatamount is the common procedure
across the studies. However, large differenceshen wet-day frequency correction,
rainfall/snowfall partition and wind-induced undatch correction exist. No wet-day
frequency correction was considered in some stufi#smo & Dirmeyer, 2003,
Ngo-Duc et al., 2005, Hanasaki et al., 2008). Ha®vewmany studies accounted for
some sort of the wet-day frequency correction (f&dfet al., 2006, Hirabayashi et al.,
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2008a, Weeden et al., 2011, 2014, lizumi et all42(lthough the methodological

details varied by study. Also the rainfall/snowfglartition was made by varying

methods, including the original reanalysis sepanaf{Zhao & Dirmeyer, 2003, Weeden
et al., 2011), temperature threshold (Ngo-Duc gt2805) and empirical function of

temperature (Weeden et al., 2014) or wet bulb teatpee (Hirabayashi et al., 2008b,
Hanasaki et al., 2008). Sheffield et al. (2006) &mndmi et al. (2014) did not separate
rainfall and snowfall. Wind-induced undercatch wassidered in most studies (Zhao &
Dirmeyer, 2003, Sheffield et al., 2006) except N@ee et al. (2005) and lizumi et al.

(2014). Some studies (Hirabayashi et al., 2008maldaki et al., 2008, Weeden et al.,
2011, 2014) separately conducted the wind-indugetkrcatch correction for rainfall

and snowfall.
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Table 1. Summary of variables, symbols, units andection methods used.

Variable Symbol Unit Bias correction
Surface pressure Ps hPa Elevation correction dn
2-m air T °C Elevation correction using the
temperature environmental lapse rate, CRU-TS3.22

monthly mean temperature and diurnal
temperature range

10-m wind speed U m st CRU-CL1.0 12-monthly mean wind speed
climatology (1961-1990)

Downward LW W m? NASA-POWER-based 12-monthly mean

longwave downward longwave radiation flux

radiation flux climatology (1983-2007)

Downward SW W m? NASA-POWER-based 12-monthly mean

shortwave downward shortwave radiation flux

radiation flux climatology (1983-2007)

2-m vapor e hPa CRU-TS3.22 monthly mean vapor

pressure pressure

2-m specific Q kg/kg Re-calculated correct& ande

humidity

2-m relative RH % Re-calculated correctddande

humidity

Precipitation rate P mm/3ht  CRU-TS3.22 monthly number of wet

days, GPCCv7 monthly precipitation
amount, wet bulb temperature-based
rainfall/snowfall separation,
gauge-type-specific wind-induced
rainfall/snowfall undercatch correction

1 The unit of precipitation rate varies by tempaesolution: daily, mm d; and
monthly, mm month.



Table 2. A list of gauge-specific coefficients used the wind-induced snowfall
undercatch correction (Eq. 16). The list was fappeared in Motoya et al. (2002),
Hirabayashi et al. (2008b) and Hanasaki et al. 200

Gauge type a b
Canadian Nipher 112.78  -0.08215
Chinese standard 100.00  -0.05600
Hellmann-like 120.95 -0.25425
Wild-like 108.98  -0.25637
Tretyakov 105.38 -0.13125

Norwegian standard  106.95  -0.18622
Japanese (average) 96.63 -0.10040
NWS 8-inch-like 98.00 -0.05405




