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Fig3 Monthly mean temperatures of January (upper panels) and July (lower panels) 1987, using the gridded datasets of APHRODITE
(left) CRU_TS2.1 (center) and UDel (right). Unit: degrees centigrade.

3. Analyses of Gridded Daily Mean
Temperature

3.1 Climatology

We derived climatology data and monthly means of
daily mean temperature. The monthly mean daily mean
temperatures of January and July 1987 derived from
the datasets of APHRODITE (this study), CRU TS2.1
and UDel are shown in Fig. 3. Differences between
APHRODITE and the other datasets are within 3°C in
most of the grids (figure not shown). The APHRODITE
daily mean gridded temperature is comparable to those
products based on monthly mean observations. The
distribution of temperatures over the Himalayas and
Tibetan Plateau resembles that of UDel. On the other
hand, our temperature data are higher than those of the
UDel and CRU_TS2.1 datasets in India for both winter
and summer. Those differences may have resulted from
differences in density of the input data. Original temper-
ature data of Nepal and ASEAN were collected by the
APHRODITE project whereas the observation data from
NMHs of India were limited to precipitation.

3.2 Linear trends of maximum daily mean
temperature over Monsoon Asia
Daily gridded products are useful for analyzing ex-
tremes such as the maximum/minimum daily mean
temperature of the year or the number of summer days.
Figure 4 shows linear trends of the average of the highest
five daily mean temperatures each year for the period
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Fig. 4 Linear trends (°C/30yr) of averages of the five highest
daily mean temperatures each year for the period
1978-2007.

1978-2007. A large positive trend is seen around
Mongolia. It can be seen that the highest temperature of
the year has been rising recently, especially in inland
regions. The increasing trend in Mongolia is also seen in
HadEX, a set of extreme indices released by the Hadley
Centre (Alexander et al., 2006). The relationship
between the trend over Mongolia and changes in
precipitation is an issue for future studies.
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4. Rain/Snow Discrimination Using
APHRODITE Daily Gridded Precipitation
Products

In managing water resources, especially in moun-
tainous regions, it is essential, to judge whether precipi-
tation is liquid or solid. Solid precipitation accumulates
during winter and melts in spring. Accumulated precipi-
tation melts and flows down in spring and the water is
used by many people. Heavy rainfall in spring may cause
floods. Since APHRODITE gridded precipitation is daily,
the resulting highly resolved product with good re-
presentation of precipitation in Himalayas, together with
rain/snow discrimination meet the needs of NMHs and
hydrological model users.

4.1 Analysis procedure

Whether precipitation is melting or not depends on
humidity as well as surface temperature. Matsuo and
Sasyo (1981a, 1981b) found through observation and
numerical modeling that melting of snowflakes follows a
linear function of temperature and relative humidity.
Melting versus non-melting condition is judged using the
following equation,

RHcri =92.5-7.5T (2),

where RHcri is the critical relative humidity (%) and T is
surface air temperature (°C). A line graph of Eq. (2) is
shown in Fig. 5. Below the critical humidity threshold,
precipitation is all snow and above it, it is rain, a mixture
of snow and rain or sleet, according to conditions. Here,
sleet is classified as melting. Rain/snow discrimination is
made in accordance with the melting or non-melting
condition of precipitation. It can be seen that precipita-
tion at as much as 10°C above freezing level might not be
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Fig. 5 Rain (melting)/snow (not melting) discrimination
following Equation (2).

melting under dry conditions.

Most of the collected gauge data lack humidity infor-
mation. Though some gauge data have humidity obser-
vations on the surface, the number of humidity records is
too small to calculate surface humidity through the ana-
lyzed area. Therefore, we substituted relative humidity
derived from a reanalysis product (2-m temperature,
specific humidity at the surface and surface pressure) for
observations in order to discriminate rain from snow. In
this study we used reanalysis data derived from the
European Centre for Medium-range Weather Forecast
(ECMWF) Reanalysis product for the period of 1957 to
2002 (ERA40; Uppala et al, 2005) and the Interim
product for the period of 2002 to 2007 (ERA-Interim;
Dee et al., 2011). Variables such as 2-meter temperature
and specific humidity were used for the period of
1973-2007, with a horizontal resolution of 1.5 degrees.
Two-meter temperatures from the model surface were
corrected to mean sea level, interpolated into a
0.05 degree grid and adjusted to GTOPO30 elevation.
RH was also interpolated into the 0.05 degree grid.

Judging from Eq. (2), the value of 1 is given in cases
where the temperature and RH of each 0.05 degree grid
satisfy the condition of snowing. The ratio of 0.05 degree
grid boxes judged as in a snowing condition for each
0.5 degree grid was then calculated, corresponding to the
daily precipitation dataset.

4.2 Total solid precipitation amounts over Asia

To validate our rain/snow discrimination based on
reanalysis of RH and daily mean temperature, we calcu-
lated the total solid precipitation amount (TSP) for the
extended winter season (October to March) and com-
pared it with satellite snow cover observations. TSP is
defined as the total amount of precipitation proportional
to the snowing ratio. Melting of snow during the winter
and distribution of perpetual snow or mountain glaciers
are not taken into account. Snow cover data are derived
from Northern Hemisphere EASE-Grid Weekly Snow
Cover and Sea-Ice Extent data which combine AVHRR,
GOES and other visible-band satellite data, and passive
microwave brightness temperature data of SSMR and
SSM/I (Robinson et al., 1993). We used the monthly and
1-degree grid interpolated version for the period of
1971-1995 edited by the Physical Sciences Division,
Earth System Research Laboratory, US National Ocean
and Atmosphere Agency (NOAA/ESRL PSD) [down-
loaded from http://www.esrl.noaa.gov/psd/data/gridded/
data.snowcover.html]. Figure 6 displays TSP and snow
cover observed by satellites in the extended winter of
1985/86. The TSP derived from observed temperatures is
comparable to the snow cover observed by satellites in
the regions where temperatures in the extended winter
stay continuously below freezing. The distribution of
TSP reproduces the extent of snow cover in Tibet and the
Himalayas very well. The rain/snow discrimination
based on our temperature product is a good indicator for
monitoring solid precipitation in mountainous regions.
On the other hand, it underestimates solid precipitation in
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Siberia and Mongolia because the dry monsoon prevents
solid precipitation from being caught by rain gauges. TSP
is likewise overestimated in the extratropics such as
Japan and South Korea, where it snows and rains (and
melts) repeatedly during wintertime.

RH is derived from the temperature, specific humidity
and surface pressure of ERA-40 and ERA-Interim.
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Figure 6 (c) displays TSP calculations based on
rain/snow discrimination using reanalysis data, including
daily mean temperature, in terms of consistency. In
comparison with Fig. 6 (a), it is clear that TSP based on
ERA-40 and -Interim is overestimated, that is, the
reanalysis surface temperatures are lower than the
observed ones.
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Fig 6 (a), (c) Total solid precipitation (TSP) amount (mm) (b) satellite-observed snow cover extent (%)
averaged from October 1985 to March 1986. TSP has been calculated from APHRODITE (a) and
ERAA40 reanalysis daily mean temperature with APHRO_MA daily precipitation and snowing ratio (c).
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5. Concluding Remarks

In this study we created a daily mean gridded tem-
perature dataset of high resolution. The input data, QC
and interpolation system developed for the APHRODITE
precipitation product work properly with some modifi-
cations. The climatology data and monthly means of the
product are comparable to those of other monthly mean
gridded temperature datasets. This dataset is useful not
only for improved evaluation of daily series of reanalysis
data, satellite data and model outputs, but also monitor-
ing of long-term change and statistical analysis of
extreme weather.

Rain/snow discrimination is added to precipitation
data as a ratio of 0.05 degree grids in a snowing condition
in each 0.50 degree grid. The TSP amount for the
extended winter season is derived for estimating the
validity of the discrimination. It can be seen that the TSP
amount reproduces the snow cover extent observed from
satellites well. The rain/snow information is necessary
for the accurate estimation of precipitation amounts
observed from satellites, since microwave reflections
from rainfall and snowfall differ. It also offers new
applications to many research fields such as water
resource management as use as an input in flow models.

The data periods of gridded temperature datasets
might be too short for analyzing global changes. Station
observations in East Asia (e.g., Japan, China and Taiwan)
are available for the period of 1951-2007. There is room
to extend the analysis, currently limited to East Asia, and
the data period. On the other hand, evaluation from a
statistical point of view is insufficient. This will be an
issue for future studies.
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