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Digital Forecasts in Agriculture: V. Field Validation of the
Sky-condition based Lapse Rate Estimation Scheme
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ABSTRACT

The aim of this study was to confirm the improvement of efficiency for temperature estimation at
0600 and 1500 LST by using a simple method for estimating temperature lapse rate modulated by the
amount of clouds in comparison with the case adopting the existing single temperature lapse rate
(-6.5°C/km or —9°C/km). A catchment of the ‘Hadong Watermark2,” which includes Hadong, Gurye,
and Gwangyang was selected as the area for evaluating the practicality of the temperature lapse rate
estimation method. The weather data of 0600 and 1500 LST at 12 weather observation sites within
the catchment were collected during the entire year of 2015. Also, the ‘sky condition’ of digital
forecast products of KMA in 2015 (5 x 5km lattice resolution) were overlapped with the catchment
of the ‘Hadong Watermark?2,’ to calculate the spatial average value within the catchment, which were
used to simulate the 0600 and 1500 LST temperature lapse rate of the catchment. The estimation
errors of the temperatures at 0600 LST were ME —0.39°C and RMSE 1.45°C in 2015, when applying
the existing temperature lapse rate. Using the estimated temperature lapse rate, they were improved to
ME -0.19°C and RMSE 1.32°C. At 1500 LST, the effect of the improvements found from the
comparison between the existing temperature lapse rate and the estimated temperature lapse rate were
minute, because the estimated lapse rate of clear days is not very different from the existing lapse
rate. However, the estimation errors of the temperatures at 1500 LST during cloudy days were
improved from ME -0.69°C, RMSE 1.54°C to ME —0.51°C, RMSE 1.19°C.

Key words: Lapse rate, Temperature estimation, Complex terrain, Sky condition
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Fig. 2. The weather station locations in a watershed ‘Hadong Watermark2’ on complex terrain and
a place of Daegwallyeong Korea Meteorological Administration (KMA) stations in South Korea.
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Table 1. The error statistics for 0600 temperature estimated by existing single temperature lapse rate (old) and the
method for estimating temperature lapse rate using the sky-condition (new) in 2015

Weather stations

1 2 3 4 5 6 7 8 9 10 11 12 Average
I Old -091 -1.12 -0.57 -0.03 -026 069 -0.18 024 -231 -0.06 -0.75 0.62 -0.39

Al
New -0.77 -028 -0.11 -040 -0.11 -0.02 -0.68 -040 0.55 -0.01 -027 0.26 -0.19
Old -096 -192 -0.85 0.08 -08 092 -078 029 -4.00 -0.71 -1.44 0.00 -0.85

ME Clear
New -0.76 -0.73 -0.19 -044 -064 -009 -1.50 -0.61 0.02 -0.64 -0.77 -0.50 -0.57
Cloud Old -091 -0.72 -0.53 004 -007 064 030 031 -204 029 -040 1.08 -0.17

ou
Y New -0.84 -027 -029 -0.16 001 026 003 -003 -053 032 -0.15 0.89 -0.06
Al Oold 1.30 1.69 130 095 1.19 137 112 1.12  3.38 1.17 148 1.34 1.45
New 1.21 1.25 1.17 1.03 1.16 1.19 136 1.19 255 1.16  1.27 1.26 1.32
Oold 1.31 235 144 094 150 137  1.30 1.08 4.71 140  2.02 1.20 1.72

RMSE  Clear
New 1.18  1.53 1.17  1.04 139 1.03 1.84 1.21 242 136 1.60 1.31 1.42
Old 1.13 1.12 120 073 085 1.08 085 086 271 0.95 1.08  1.33 1.16

Cloudy

New 1.07 089 1.11 074 085 09 079 080 1.82 096 1.01 1.18 1.01

Table 2. The error statistics for 1500 temperature estimated by existing single temperature lapse rate (old) and the
method for estimating temperature lapse rate using the sky-condition (new) in 2015

Weather stations

1 2 3 4 5 6 7 8 9 10 11 12 Average
All Old -248 276 -1.69 -1.02 -097 -024 -1.02 -055 -1.72 -145 -2.58 0.74 -1.31
New -246 -2.61 -1.60 -1.09 -094 -036 ~-1.12 -0.66 -1.23 -144 -2.54 0.68 -1.28
ME Clear Old -3.03 -388 -2.10 -192 -1.22 -0.8 -1.75 -1.11 -1.55 -2.28 -3.12 0.58 -1.85
New -3.05 -395 -2.14 -189 -123 -078 -1.73 -1.05 -1.82 -229 -3.17 0.61 -1.87
Cloudy Old -1.31  -1.68 -1.45 0.17 -0.60 098 025 048 -3.64 -0.66 -1.64 0.84 -0.69
New -1.19  -093 -1.04 -0.16 -047 034 -020 -0.09 -1.08 -0.60 -1.25 0.53 -0.51
Old 2.81 3.11 2.05 1.73 1.33 1.25 1.76 1.28 2.34 1.99 2095 1.12 1.98
Al New 2.81 3.08 2.01 1.72 1.32 1.11 1.71 1.23 2.10 1.99 296 1.06 1.93
Old 3.21 4.06 2.42 2.22 1.44 1.24 2.14 1.36 1.89 2.66 333 0.95 2.24

RMSE  Clear
New 3.23 4.13 2.44 2.19 1.44 1.15 2.09 1.28 2.18 2.66 3.38 0.96 2.26
1.61 1.88 1.64 0.93 0.92 1.41 1.04 1.17 4.08 0.89 1.86 1.09 1.54

Cloudy
New 1.52 1.24 1.25 0.94 0.84 1.01 1.03 1.06 2.11 0.85 1.51 0.88 1.19
15009] 79, &5 3o|/dollA] gt 7| 2459 Aol upe FEpie). A9l g2 g 2 0= 317
A= 500-600m 591 7124 &3 gkl AL J PN sHF7H IS A5 719 4SS
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eleh Kimand Yun(016)9] S16t 5 /12088 ol 99 I SFA e 788 ZuEd
o] 0o] F wj7lA] A 0 7 Z71w= ek H Y (Lutgens and Tarbuck, 2007). ¥V 3}Zo) A ¢ =& 4=
e, A 500-600m £9) 7| SABE $F 4~70] B2 TeF B T7]7} 455hA o] Hye
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140 Korean Journal of Agricultural and Forest Meteorology, Vol. 18, No. 3

q
200 200
300 300
£ - £ i
© ©
2 200 © 200
o o
) — @ —
= =
O 100 0O 100
c — c [
2 E iel —
T o T o =
) )
i Clear days iL Cloudy days
mOld ONew mOld ONew
-100 -100
=l —
— O
-200 ] -200 -
I:- —
0600 LST  — 0600 LST —
-5 -4 -3 -2 -1 0 1 -4 -3 -2 -1 0 1 2
Mean Error (°C) Mean Error (°C)
o — ,
900 |- : 900
300 300
E ' £ A
© )
2 200 2 200
o o —
g T — o
RS =
T 100 T 100
c c
= — = —
© ©
> 0 > 0
[ ()
i Clear days [T} Cloudy days
mOld ONew mOld ONew
-100 -100
— =
-200 == -200 =
E_
1500 LST ? 1500 LST frp—
-5 -4 -3 -2 -1 0 1 -4 -3 -2 -1 0 1 2
Mean Error (°C) Mean Error (°C)

Fig. 4. Comparison of estimation error (ME) between 0600 LST (above), and 1500 LST (below), regarding
the single value of existing temperature lapse rate and cloud cover-based estimated temperature lapse rate.
The left refers to the ME of clear days, while the right refers to the ME of cloudy days.



Kim and Yun: Improving the Usage of the Korea Meteorological Administration’s Digital Forecasts in Agriculture 141

A0 717, 71447 o5
o= sheatH =2 FE 2
Aol 2tels}oi(Kim and Yun,

JLENYG} [e]
717 ES FAsHE o] L3 Helo] g o] gots
Z

3 =74
7492015 Bt Bt
ME —0.39°C, RMSE 1.45°C ©]%}. 21}, Kim and Yun
(2016)9] B ol AT Al 7| 20EE ©EE 41}
ME 0.19°C, RMSE 1.32°C2& t}& A= gt 223
& AQletal tiid-o o] 25F0] 091 gk g T1def of
o 7] 235 7 A% 0600 7] 78 A= ] sl
W, W3 MEE —0.85°CoA4] —0.57°CE, RMSEX
1.72°Co)| A 1.42°C 2 ZFA = Qc) B3k 10¢] 2]
4590 A%, HEME —0.17°C7} -0.06°C L=,
RMSE 1.16°Co||A] 1.01°CZ 7| A= tHTable 1).
1500 7]9] 7, 92 doll= 7|29 9 71 =2d=
o =4 7123E 1Y =Y 27t AT Table
2). ©]&= Kim and Yun(2016)2] 98- 223} uj|, -o-=F
4 n|Rke] AL BF 47 7hgete] 7| 2 EE TS
EH A5o] A2 g2 4 7|2qE0] 7|&9 7|24t

& WAL 2pelt §l7] wiZolok Nbd, 57 249
74 ME -0.69°C,

9] 7] 2 eaks B 7| W Y
RMSE 1.54°Co|¢l o1, 7| 23158 W7ol wef ME
7} -0.51°C, RMSE7} 1.19°C 2 J A== E72 1 3
CH(Table 2).

Fig. 4= ASAHE r2 9t 3791
1500 7] 574 @ AHME) & slid 2| 71 o] AA| A &=} 7}
FAE ZF AL HARe} 9 LERd Ao
06002] 73-%-, 7HdA| Qg ol| vl 8l AA| st e} o =&
FE A 7| 2AES A SIS ) 71E e 7l 5
BoAE tiF A2 4 Uik 58] L= HAL
900m 7} gi= A olli= 7]E 9] Zet g e A} A g
o] A o] Alebxlck. Whd ki 7} 7R g of) vl W
2 H2 A== A eo] STk =T
O AR 7] mojabrgof A S8 WA et
71 71 23E(-6.5°C/km) o] 9520 AJ=Fa}E]of glof,
-6.5°C/kmXEr} o] 22 7] &7 = A4 E 2 At
71 20ES AESHH PR ED o 22 Ao
0600 7|22t WA =31 et 37 22 0600 7|

=
o=, olAe M7 4712 Fal B
8.0 24 bt AAfgol g he muk} ke slo]
@ Alolck. Lt At o] A2] A 8w e
2l ol gep 7|uko 2 24 7] ko] 1500 7]&
of 24 o342 AMSHT] TR How Lehto
ul, 53] SpaE A2 A Aol 71 e g 93
7} 5 ZolE A0 BR1E|9IrkFig. 4).

v.g &8

l=) Bolal iy, wiA) tuee] A7) 7] em )

o]|A] 500-600m =¢]°] 7| 7+E3}, Kim and Yun
(2016) 7MW O 2T 71 SPES Sopul uwHg
i, 37 7125 A8 =o7] flsl ARl
2L dolSPLELE g 42 MBS Ao A2AY
o} o] 7|27k 2471812 28310l BHE2 491 A
o W 1232 71 S A Aol sl 7143 of 2] el
B 7|23} sFsAE] Skm AAALEE 7[HEO. 2 2015
13-5¢F 06002+ 1500 7|45 Al 7]2& 43t
T 710 T 7| 248 o83 -k vl gt Ay,
M2 7|52 0600, 1500 7]-29] =4 2= 14
Al = ATk E3 7] o] v of A A A sl
o /A k] DEBAT} 5 718t Rl FFE
ol W= X1 U4F, 7|29 A | anrt SdiE
& Selalgict, thb AL 71U EE B g ) 7
© o] 3pyel 4EH 02 Hg57] JSIAL, 06003}
1500 7] 2-2] ST HA B F ukodEls W Y
b8 QAT o) 25 Bl A QR Al
71235 A A ES D art Sl

=
=
a1, 7] &8 Gl 7| 233 Hlsl xS A AAE
AS
e
[e))]
=

_l

F Lo

ox

filo

23 7] 71878 FARFS ol&sto] 06005}
15009] 7] 27V E-& mofalaL, 24 9l 2)717]. & 243}
ol 2= E 712 2] Tl 7] & 7B (-6.5°C/km,



142 Korean Journal of Agricultural and Forest Meteorology, Vol. 18, No. 3

—9°C/km)o]| H|3}| 4 7| 27E0] 0600, 1500 7]-22]
A QA2 AT 4 QYA TSI A SHEa
Ak e, OF 1|99 BHE 2 491 Wl S e
£ 24710 A4 H7 A % 02 Mgt

o W 7SR 12329 0600, 1500 7] A2 E
20151 %+ 8] T3] 4=k eick Ea20159 ] 7]4
SHsAE Z297] 2 Skm AXALZE o] &, A F4:
29] 0600, 1500 220 ~10) FZHBFgES AALSlo]
e ES 2 ASA AEAW 0600 7] A2
A 7|2 71 ES 8T A B ME -0.39°C,
RMSE 1.45°C fouh, =& 7l et 8 v 2
I} ME -0.19°C, RMSE 1.32°C=2 7jA %3l o, vk
GO ME —0.8°Cof|A] -0.57°C=, RMSE+=1.72°Coj| A
1.42°C2 AE|51 58 -2 ME -0.17°Coj|A] -0.06°C,
RMSE 1.16°Co||A] 1.01°C2 Zo]E%)t} T3 1500 7|
2ol i 7| 20] Tl 7| et B 24 71 e B A8
Ak u) Lol g Y-S 7] 2 24 2 3] 79 Ho]
7} ¢l9AmE, 8 4L 7|2 ME 0.69°C, RMSE
1.54°Cojj4] ME -0.51°C, RMSE 1.19°CZ 7J|A=]gich

AL AT 5 PI010007)¢] 2 210} 213} o]
o2l 219,

-

REFERENCES

Chung, U., H. H. Seo, K. H. Hwang, B. S. Hwang, J.
Choi, J. T. Lee, and J. I. Yun, 2006: Minimum
temperature mapping over complex terrain by
estimating cold air accumulation potential.
Agricultural and Forest Meteorology 137(1-2), 15-24.

Geiger, R., R. H. Aron, P. Todhunter, 2009: The climate
near the ground (7th ed.). Rowman & Littlefield
Publishers, 642pp.

Kim, S. O., and J. I. Yun, 2011: A quantification method
for the cold pool effect on nocturnal temperature in a
closed catchment. Korean Journal of Agricultural and
Forest Meteorology 13(4), 176-184. (In Korean with
English abstract) doi: 10.5532/KJAFM.2011.13.4.176

Kim S. O., and D. J. Kim, J. H. Kim, and J. I. Yun, 2013:
Improving usage of the Korea Meteorological
Administration’s digital forecasts in agriculture: I.
Correction for local temperature under the inversion
condition. Korean Journal of Agricultural and Forest

Meteorology 15(2), 76-84. (In Korean with English
abstract) doi: 10.5532/KJAFM.2013.15.2.076

Kim S. O, and J. I. Yun, 2014: Improving usage of the
Korea  Meteorological ~ Administration’s  digital
forecasts in agriculture: III. Correction for advection
effect on determination of daily maximum temperature
over sloped surfaces. Korean Journal of Agricultural
and Forest Meteorology 16(4), 297-303. (In Korean
with English abstract) doi: 10.5532/KJAFM.2014.16.4.297

Kim S. O, and J. I. Yun, 2015: Improving the usage of
the Korea Meteorological Administration’s digital
forecasts in agriculture: IV. Estimation of daily
sunshine duration and solar radiation based on ‘Sky
Condition’ product. Korean Journal of Agricultural
and Forest Meteorology 17(4), 281-289. (In Korean
with English abstract) doi: 10.5532/KJAFM.2015.17.4.281

Kim S. O., and J. I. Yun, 2016: Feasibility of the lapse
rate prediction at an hourly time interval. Korean
Journal of Agricultural and Forest Meteorology 18(1),
55-63. (In Korean with English abstract) doi:
10.5532/KJAFM.2016.18.1.55

Kirchner, M., T. Faus-Kessler, G. Jakobi, M. Leuchner,
L. Ries, H. E. Scheel, and P. Suppan, 2013: Altitudinal
temperature lapse rates in an Alpine valley: trends and
the influence of season and weather patterns.
International Journal of Climatology 33(3), 539-555.
doi: 10.1002/joc.3444

Lutgens, F. K., and E. J. Tarbuck, 2007: The atmosphere
(tenth ed.). Pearson Education, Inc., 520pp.

Minder, J. R., P. W. Mote, and J. D. Lundquist, 2010:
Surface temperature lapse rates over complex terrain:
Lessons from the Cascade Mountains. Journal of
Geophysical Research 115(D14122), 1-13. doi:
10.1029/2009JD013493

Yun, J. I., J. Y. Choi, and J. H. Ahn, 2001: Seasonal trend
of elevation effect on daily air temperature in Korea.
Korean Journal of Agricultural and Forest Meteorology
3(2), 96-104. (In Korean with English abstract)

Yun, J. I, S. O. Kim, J. H. Kim, and D. J. Kim, 2013:
User-specific agrometeorological service to local
farming community: A case study. Korean Journal of
Agricultural and Forest Meteorology 15(4), 320-331.
(In Korean with English abstract) doi:
10.5532/KJAFM.2013.15.4.320

Yun, J. 1., 2015: A feasibility study of a field-specific
weather service for small-scale farms in a
topographically complex watershed. Korean Journal of
Agricultural and Forest Meteorology 17(4), 317-325.
(In Korean with English abstract) doi:
10.5532/KJAFM.2015.17.4.317



