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Figure 3. Fraction of tests indicating at least one significant difference in the K-S test for (a) the
wet series, (b) the dry series or t-test result for (c) solar radiation for each season and each area
in Japan (in per cent). The sum of these values corresponds to the values in table 2. There were
no significant differences for the southwestern area (SW). Blue regions, DJF; green regions, MAM;
red regions, JJA; yellow regions, SON.

in the K-S test for the wet and dry series occurred in winter (DJF; figure 3).
As a major portion of the precipitation is produced by the winter monsoon
(northwesterly wind from Eurasia) with a rich vapour supply from the Japan
Sea, a clear contrast in the number of wet days between the two areas is formed
in winter [23]. As a result, the observed wet series on the Pacific Ocean side areas
and dry series on the Japan Sea side in winter are very short (less than 4 days at
most sites). This makes the K-S test result sensitive to small differences in the
number of wet or dry series between the observed and generated data.

Most sites with significant differences in the t-test for SR coincidentally showed
significant differences in the K-S test for the wet or dry series (figure 2). If we
removed the sites with significant differences in the K-S test for the wet and
dry series, the percentage of tests with exactly one significant difference per test
for SR is less than the expected false positive rate. However, many significant
differences in the t-test for SR were observed in spring (MAM) as well as in
winter (figure 3). This suggests that the differences in monthly mean SR between
the observed and generated data are not only associated with the short wet (dry)
series in winter but also other unknown factors.
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Table 3. Seven selected sites used for seasonal Q–Q plots.

longitude latitude altitude significant
code name area (◦) (◦) (m) test result(s)

54011 Awashima NJ 139.252 38.462 4 KStDry
33911 Ichinoseki NP 141.125 38.933 32 KStWet, TtTmax, TtSR
54041 Hagizaki EJ 138.512 38.330 58 TtSR
47670 Yokohama EP 139.652 35.438 39 TtPr, TtRH
47756 Tsutama WJ 134.008 35.063 146 KStWet, KStPr, TtSR
87301 Kakuto WP 130.810 32.047 228 KStWet, TtTmin, TtRH
47917 Iriomotejima SW 123.748 24.385 9 TtTmax

(b) Quantile–quantile plots at selected sites

Following statistical tests, we visually checked the correspondence between the
observed and generated data at selected sites, using quantile–quantile (Q–Q) plots
for each season. A site that had many significant differences was selected for each
area, as listed in table 3. For instance, site 33911 showed significant differences
in the K-S test for the wet series and t-test for Tmax and SR. Considering the
comparatively frequent occurrence of significant difference in winter (DJF) and
spring (MAM), the Q–Q plots for these seasons are shown in figures 4 and 5. For
most climatic variables, the correspondence in quantiles between the observed
and generated data is good. A similar level of correspondence was observed for
other seasons.

The discrepancies in quantiles for Tmax, Tmin, SR and RH in winter and
spring are small even though significant differences in the t-test were found for
either site. Small discrepancies in low-order quantiles were found for Pr but such
discrepancies are likely to have little effect on impact model simulations. At site
47756, there are comparatively large and significant differences in high-order
quantiles for the wet series in spring (figure 5g). However, the exact difference
in the highest quantile between the observed and generated wet series in spring
is just 3 days. While larger discrepancies in the highest quantile were found for
the dry series in winter, such differences might not be a source of large error
in impact model simulations, such as crop models, because the occurrence of
such discrepancies is limited to the Japan Sea side areas (EJ and NJ) in winter
(figure 3b).

4. ELPIS-JP dataset description

(a) Scenario generation procedure

The dataset of local-scale daily climate change scenarios for Japan, ELPIS-
JP, consists of two types of daily time-series data at 938 sites in Japan:
(i) the transient scenarios for the period 1981–2091 using the CMIP3 multi-
GCM outputs under three emission scenarios (A1B, A2 and B1) and (ii) the
time-slice scenarios for two time points that represent the periods 1981–2000
and 2081–2100 using the S-5-3 multi-RCM outputs based on the MIROC-H
(20C3M and A1B). Seven climatic variables (Tave, Tmax, Tmin, Pr, SR, RH and
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Figure 4. Q–Q plots of the observed and generated values of daily (a) minimum temperatures,
(b) maximum temperatures, (c) precipitation, (d) solar radiation, (e) relative humidity, (f ) wind
speed, (g) wet series and (h) dry series for seven selected sites in winter (DJF). The quantiles
between 0% and 100% for every 20% were calculated from 20 years of samples for the observed
data and from 50 years of samples for the generated data.

WS) are available. Tave was calculated by averaging Tmax and Tmin. For each
site, 50 sets of daily weather data from the WGs (referred to as ‘ensembles’)
were available for each climate model, each emission scenario and each type of
scenario (transient or time slice). These ensembles are possible representations
of daily weather and equivalent to each other as they were drawn from the
same distributions of climatic variables. In total, 1100 scenarios, consisting
of 50 ensembles × (3 emissions × 6 GCMs + 2 emissions × 2 GCMs) are available
for each site for the transient scenarios. The number of the time-slice scenarios is
300 (consisting of 50 ensembles × 3 RCMs × 2 emissions).

Although a 30 year period has generally been used in previous studies to
estimate WG parameters, we adopted the comparatively shorter period (20 year
period 1981–2000) to cover the area of Japan as densely as possible, considering
that most AMeDAS sites began their observation during or after 1979. Another
reason is that the RCM outputs of the present climate simulation are available
only for the 20 year period.

The LARS-WG cannot provide data with long-term variations (e.g. trend)
because of the stationary assumption [62]. Lazzarotto et al. [14] assumed the linear
trend in the changes of climate from the baseline period to 2100 and generated the
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Figure 5. Same as figure 4 but for spring (MAM).

transient scenarios throughout the twenty-first century with the trend using the
LARS-WG. This linear trend assumption may be an oversimplification because
state-of-the-art GCMs with appropriate initial conditions have the ability to
predict the trend in climate at a decadal scale [63]. To account for the nonlinear
trend simulated by the GCMs in the transient scenarios, we set the changes in
climatic variables calculated from a 20 year period centred on an intended year,
relative to the period 1981–2000, for the WGs year by year to annually modify
parameters for distributions. In other words, the changes in climatic variables
calculated from the period 1971–1990 were used to generate data for 1981. With
this setting, it is feasible to generate data with time variations holding the
stationary assumption. This is an approach for climate change scenario generation
using WGs that rely more on information derived from GCMs than the other
approaches [14]. To that end, the exact final year of the transient scenarios is
2091, which represents the period 2081–2100. No trend was considered for the
time-slice scenarios owing to the limited RCM simulation period.

(b) Features and limitations

Both types of scenarios, transient or time slice, are important but used for
different purposes. The transient scenarios are preferable for quantifying the
uncertainty of future impacts associated with GCMs and emission scenarios.
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In addition, transient climate scenarios are required for impact model simulations
that need long-term time integration, such as vegetation succession, soil organic
matter decomposition and soil erosion.

For the time-slice scenarios after dynamical downscaling with RCMs, more
detailed geographical patterns of projected change are available. Spatially
detailed climate information is central for impact model simulations that have
high sensitivity to topography, e.g. orographic precipitation, snow accumulation
in complex terrain and heat wave associated with airflow over mountains
(e.g. foehn; [45]). The time-slice scenarios are based on RCMs and generally
achieve better representation of extreme events (e.g. high-order quantile of
daily precipitation; [23]) than the GCMs. These scenarios are more suitable
for assessment of impacts for systems sensitive to extreme events (e.g. crop
yield responses to high-temperature stress at anthesis; [51]) and application for
disaster studies.

The advantages of one type of scenario are disadvantages of another type of
scenario. For the transient scenarios, the geographical pattern of projected change
is spatially coarser than that of the time-slice ones even for the MIROC-H, which
has the finest grid interval among the GCMs (figure 6). Changes in climatic
variability and wet/dry spells are not accounted for except for the scenarios
using the MIROC-H (A1B). Changes in intensity and frequency of extreme events
might be smaller than those for the time-slice ones. The transient scenarios that
accounted for only the mean climate change of the MIROC-H are available in the
dataset to enable users to compare the transient scenarios with and without the
incorporation of changes in climate variability and wet/dry spells. For the time-
slice scenarios, the relative disadvantages compared with the transient ones are
their inapplicability to assessments that need to simulate long-term time evolution
of quantity of interest, fewer numbers of GCMs and emission scenarios, and no
consideration of time variations.

(c) Note for users

The ELPIS-JP dataset is open for scientific communities and efforts to
make the dataset downloadable from the Internet have been planned. We
describe known issues and inappropriate applications of climate scenarios to
facilitate uptake and better understanding by the impact community, taking
the ELPIS-JP dataset as an example (see also the UK climate projections:
http://ukclimateprojections.defra.gov.uk/content/view/1793/521/).

— The daily site time series are not spatially correlated. For regional
assessment, daily site data cannot be spatially averaged to produce
aggregated data for a user-defined area. Users should simulate the impact
site by site from a selected region, and then spatially aggregate impact
results.

— The ensembles of WG climate change scenarios for a given GCM (or RCM)
represent the uncertainty associated with interannual climate variability.
They do not represent the uncertainty of climate projections associated
with climate models or emission scenarios.

— Transient climate change scenarios do not coincide with observed historical
weather, and should be considered as plausible samples of 100 years of
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humidity and (e) wind speed under A1B. The black line and the grey shaded area indicate median
and 99% interval of 50 ensembles from the WGs for each GCM, respectively. The red line indicates
the corresponding values for the MIROC-H (only the mean climate change).

weather data. That is why users cannot compare the simulated quantity
of interest in a specific year (e.g. crop yield in 1981) with observed data in
that particular year. However, the use of long-term statistics is appropriate
for comparison.
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summer (JJA) over Japan for the period 2081–2100, relative to 1981–2000, from the MIROC-H
and three RCMs (NHRCM, NRAMS and TWRF).

— Users should not limit their analysis to a single GCM or RCM. There is
no clear rationale to select one climate model for impact assessment. The
differences in projected changes among the RCMs are not negligible even
when they are using the same GCM as the initial and boundary conditions
(figure 7). The whole ensemble should be used to assess the uncertainty
of future impacts (see IPCC Expert Meeting Report [64] for discussion on
performance metrics for GCM selection and weighting). Users should be
aware that CMIP3 and S-5-3 ensembles did not systematically explore all
uncertainty of climate projections.

— Owing to nonlinearity responses to environmental and climatic variations
in process-based impact models, users should avoid interpolating between
two values of simulated impacts using two specific climate scenarios
representing, for example, 10 and 90 per cent quantiles to estimate the
impact at an arbitrary value of projected changes. This might produce a
large discrepancy between simulated and interpolated impacts (see [6] for
crop model case).

5. Conclusions

We provided a dataset of local-scale daily climate change scenarios for Japan,
ELPIS-JP, following publication of ELPIS for Europe. For each of 938 sites in
Japan, ELPIS-JP provides an ensemble of 50 daily time-series data based on
the climate projections from the CMIP3 and S-5-3 multi-model ensembles. The
use of ELPIS-JP allows assessment of the impact resulting not only from mean
changes in climate but also from changes in climatic variability, including changes
in wet/dry spells and extreme events. Uncertainty in the prediction of future
impacts associated with the uncertainty in climate models and emission scenarios
can be also estimated. This dataset is designed to be used in conjunction with

Phil. Trans. R. Soc. A (2012)

 on January 30, 2012rsta.royalsocietypublishing.orgDownloaded from 

http://rsta.royalsocietypublishing.org/


1136 T. Iizumi et al.

process-based impact models and offers a flexible framework for probabilistic
assessments of future impacts and adaptation at a local scale in Japan. This
study highlights the efforts to interpret information from climate models to assess
the impact through the development of climate change scenarios using WGs and
summarizes the features and limitations of the scenarios: these efforts go beyond
mere validation of existing WGs in a specific area.

The performance of WGs, the LARS-WG and, in part, the WXGEN, was
assessed using the statistical tests and Q–Q plots. The overall skills of the WGs are
good. The Q–Q plots for the selected sites showed that the discrepancies between
the observed and generated data are small in most cases, even when significant
differences were found. Most discrepancies are likely to have little effect on the
outcome of impact analysis.

The spatial interpolation of WG parameters is an area not explored here,
which will allow impact assessment at any selected location in Japan (similar
to the UK; [10]). However, in Japan, high-resolution gridded daily datasets are
available for Pr [65], Tave, Tmax, Tmin and SR [66], as well as the gridded monthly
climatology [67]. The use of such datasets might be a more preferable option than
spatial interpolation of WG site parameters. One area for further improvement
of WGs would be incorporation of spatial correlation between sites [68,69].
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