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ABSTRACT

Northern Gyeonggi Province(NGP), consisting of 3 counties, is the northernmost region in South
Korea adjacent to the de-militarized zone with North Korea. To supplement insufficient spatial
coverage of official climate data and climate atlases based on those data, high-resolution digital
climate models(DCM) were prepared to support weather- related activities of residents in NGP.
Monthly climate data from 51 synoptic stations across both North and South Korea were collected for
1981-2000. A digital elevation model(DEM) for this region with 30m cell spacing was used with the
climate data for spatially interpolating daily maximum and minimum temperatures, solar irradiance,
and precipitation based on relevant topoclimatological models. For daily minimum temperature, a
spatial interpolation scheme accommodating the potential influences of cold air accumulation and the
temperature inversion was used. For daily maximum temperature estimation, a spatial interpolation
model loaded with the overheating index was used. Daily solar irradiances over sloping surfaces were
estimated from nearby synoptic station data weighted by potential relative radiation, which is the
hourly sum of relative solar intensity. Precipitation was assumed to increase with the difference
between virtual terrain elevation and the DEM multiplied by an observed rate. Validations were
carried out by installing an observation network specifically for making comparisons with the
spatially estimated temperature pattern. Freezing risk in January was estimated for major fruit tree
species based on the DCMs under the recurrence intervals of 10, 30, and 100 years, respectively. Frost
risks at bud-burst and blossom of tree flowers were also estimated for the same resolution as the
DCMs.

Key words : topoclimatology, temperature, solar radiation, precipitation, spatial interpolation, cold air
drainage
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Fig. 1. Locator map of the study area with locations of 51
synoptic stations in Korea.
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Fig. 2. Digital elevation model for the northern Gyeonggi Fig. 3. The hill shade, slope and aspect derived from the
province with a 30 m cell spacing. 30 m digital elevation model.
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Fig. 4. Hypothetical profiles of minimum temperatures
caused by nocturnal radiative cooling. The profile depicted
by “A” is that of the standard atmosphere, formed by an
adiabatic lapse rate. Daily minimum temperature observed
at a surface synoptic station could be Jower than the poten-
tial temperature predicted from the lapse rate because of the
in situ air, cooling by radiation. Consequently, the tempera-
ture profile will bend towards the land surface, forming a
curved line “B”. Most synoptic stations are free from cold
air inflow from the surroundings, preventing enhanced cool-
ing associated with cold air accumulation. Since the synop-
fic station observations are used in spatial interpolation, the
conventional elevation-effect correction should follow the
profile “C”. However, sites in topographically complex
regions usually have cold-air inflow from or outflow to the
surrounding area in addition to the cooling of in situ air.
The combined cooling effect may resemble the observed
minimum temperature(profile “D”). The majority of data-
empty sites, which need temperature estimation by spatial
interpolation, belong to this case. When we estimate the
daily minimum temperature at these holes by the conven-
tional method using profile “B”, errors may arise from two
parts divided by the altitude Z1. The so-called thermat belt
is assumed to start from Z1 and to end at Z2(inversion cap).
From the valley bottom to Z1, the spatially interpolated
temperatures could be overestimated by El, while those
from Z1 to Z2 underestimated by E2.
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Fig. 5. Daily maximum temperature pattern over the study
area for August. A portion is enlarged to show other over-
laid themes such as streams, roads, and buildings with the
temperature background.
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Fig. 6. Daily minimum temperature pattern over the study
area for May. A portion is enlarged to show other overlaid
themes such as streams, roads, and buildings with the tem-
perature background.
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Fig. 7. Potential relative radiation {PRR) pattern over the
study area for 15 September. Horizontal surface has PRR
value of 1.
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Fig. 8. The low temperature extremes in January(top) and
the same paitern with the recurrence interval of 10

years(bottom).
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Fig. 9. Estimated dates for the last frost in spring.
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Fig. 10. Estimated dates for the full-boom of pear trees in the study area(left) and the frost risk indices calculated from the
temporal distance between the full-bloom and the last frost(right).
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