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ABSTRACT

Temperature lapse rate within the planetary boundary layer shows a diurnal cycle with a substantial
variation. The widely-used lapse rate value for the standard atmosphere may result in unaffordable
errors if used in interpolating hourly temperature in complex terrain. We propose a simple method
for estimating hourly lapse rate and evaluate whether this scheme is better than the conventional
method using the standard lapse rate. A standard curve for lapse rate based on the diurnal course of
temperature was drawn using upper air temperature for 1000hPa and 925hPa standard pressure levels.
It was modulated by the hourly sky condition (amount of clouds). In order to test the reliability of
this method, hourly lapse rates for the 500-600m layer over Daegwallyeong site were estimated by
this method and compared with the measured values by an ultrasonic temperature profiler. Results
showed the mean error -0.0001C/m and the root mean square error 0.0024°C/m for this vertical
profile experiment. An additional experiment was carried out to test if this method is applicable for
the mountain slope lapse rate. Hourly lapse rates for the 313-401m slope range in a complex
watershed (‘Hadong Watermark 2’) were estimated by this method and compared with the
observations. We found this method useful in describing diurnal cycle and variation of the mountain
slope lapse rate over a complex terrain despite larger error compared with the vertical profile
experiment.
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Fig. 1. Time course changes in the mean air
temperature at Gochang weather station depending on
the sky condition. ‘Clear days’ stands for the mean of
65 clear days and ‘Cloudy and rainy days’ the mean of
98 overcast days during the 4 years (2011-2014).
‘Standard’ represents the mean of all days regardless of
the sky condition.
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Fig. 2. The framework curve for estimating lapse rate
derived from diurnal change in air temperature. The
curve consists of 3 partitions separated by the hour of

sunrise (f,), the maximum temperature (%), and the
lapse rate inflection (%)).
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Fig. 3. Map of the study area and the weather station
locations. Panel A represents the 3 Korea Meteorological
Administration(KMA) stations in South Korea and panel
B shows the Jungdaeri Valley site with 5 temperature
loggers and a complex watershed ‘Hadong Watermark
2’(red line). Panel C is the 3 dimensional zoomed
image of the valley site.
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Fig. 4. The 1000-925hPa layer mean lapse rate over
Gwangju weather station at 00UTC and 12UTC during
the 2011-2014 period. Vertical bars represent the
standard deviation.
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Fig. 5. The proposed diurnal change in temperature
lapse rate on an equinox as influenced by the sky
condition (clear and cloudy). ‘Standard’ represents the
average weather condition.
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Fig. 6. Observed hourly mean lapse rate values (dashed
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from May 2007 to March 2008. Solid line and vertical
bars indicate the calculated hourly mean lapse rate and
the standard deviation.
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Fig. 7. Observed hourly mean lapse rate values (dashed
line with the shaded standard deviation) for the 313-401
m layer on the slope of Jungdaeri Valley from October
2014 to November 2015. Solid line and vertical bars
indicate the calculated hourly mean lapse rate and the
standard deviation. Panels A, B, and C stand for all
days, clear days and cloudy days during the study
period, respectively.
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