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SUMMARY

I. Title

Application of digital climate modeling for operational agrometeorological forecasting

at watershed scale

Il. Needs and Obijectives

The primary goal of this study is a digital mapping of local climates over terrestrial
landscapes of 840 watersheds comprising the 100,000 km® land area of South Korea.
The products are called 'High - definition digital climate maps' (HD-DCMs) since the
spatial resolution is as high as 30m and prepared in a geo-referenced format for a full
compatibility with other GIS layers. The secondary goal of this study is developing an
agrometeorological forecasting system based on HD-DCMs for selected regions and
crops to assist farmers and decision makers coping with climate change impacts for
sustainable agriculture and natural resources management. Although climate change has
been observed at global to regional scales, agricultural and forest ecosystem responses
could be identified at the scales of cell to organism. Hence, climate change impact
assessments will be possible only if we overcome “tensions of scale”. For the purpose
of delineating the potential impacts of global warming on the vegetation and furthermore
on the terrestrial ecosystems across the Korean Peninsula, we need to enhance the
spatial resolution of both the observed and the projected climate data to landscape

scales.

I11. Scopes and Contents

Major scopes for the development are: (1) geospatial interpolation method for

climatological data based on relevant corrections for land surface effects, (2) digital



maps of local climates using the geospatial climatology, (3) agroclimatic zoning at
landscape scales for major crops and trees, (4) agrometeorological forecasting system for
selected watersheds, and (5) training and education of potential users of HD-DCMs. We
established geospatial models for estimating site-specific climates across a given
watershed at a 30 to 270m resolution and applied these techniques to production of
gridded climate data for each month of the climatological normal years (1971-2000 and
1981-2010) in 840 watersheds. Comprehensive validation procedures were carried out by
using special observation networks as well as existing synoptic and automated weather
data networks available in Korea. HD-DCMs were used to generate the gridded data
surfaces of major plant ecophysiological responses and agroclimatic indices for a
landscape scale zoning of agroclimatology. Potential users of the HD-DCMs such as
agricultural extension workers, researchers, graduate students and land managers were
trained for the utilization and application purpose by a step-by-step training program
funded by this project. A demo system for agrometeorological forecasting service based
on HD-DCM techniques was developed for selected counties including Yesan,

Chungcheongnamdo, famous for apple production.

IV. Major Results

1. The map database categorized into primary, secondary and analytical products was
prepared through the state of the art techniques in geospatial climatology. For example, daily
minimum temperature surfaces were prepared by combining the climatic normals (1971-2000
and 1981-2010) of synoptic observations with the simulated thermodynamic nature of cold air
by using the raster GIS and microwave temperature profiling which can quantify effects of cold
air drainage on local temperature. The spatial resolution of the gridded climate data is 30m for
temperature and solar irradiance, and 270m for precipitation. The secondary products are
climatic indices produced by statistical analysis of the primary products and includes extremes,
sums, and probabilities of climatic events relevant to farming activities at a given grid cell. The

analytical products were prepared by driving agronomic models with the HD-DCMs and dates

_Vi_



of full bloom, the risk of freezing damage, and the fruit quality are among the examples.

2. A web-based HD-DCM service system was implemented on an internet portal (http://
www.ncam.kr) operated by the National Center for Agro-Meteorology, a corporate organization
established in 2009 by the memorandum of understanding among Korea Meteorological
Administration (KMA), Rural Development Administration (RDA), and Korea Forest Service

(KFA).

3. We developed a weather data generation scheme for site-specific agronomic models by
applying selected techniques in HD-DCMs (e.g., hill slope shading, cold air drainage, solar
irradiance etc.) to the digital weather forecasting products routinely issued by KMA. This
scheme greatly improves the spatio-temporal resolution of the KMA products and enables

near-real time application to agricultural decision making such as disease and pest management.

4. An operational service for agrometeorological forecasting was established in Yesan county,
Chungcheongnamdo, and Mt. Jiri National Park area. Forecast products such as disease and
pests, phenology, crop status, and fruit quality of major species are provided at 30m grid cell

spacing on a near-real time basis.

5. At least 2 workshops and 1 open seminar per year were provided by the Korean Society of
Agricultural and Forest Meteorology (KSAFM) to the potential users of HD-DCMS including
graduate students and extension specialists for efficient implementation of the products, and to

citizens for wider public relations.

V. Application Plan
HD-DCMs and the value-added products as well as the related patents have been transferred
to the National Center for Agro-Meteorology (NCAM). The NCAM will serve as the national

provider of agricultural weather information based on HD-DCMs.
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Variation (SS)

Month Number of Improvemer-1t

Random Pairs Control UHI (% SS reduction)
January 50,403 180,607 169,118 6.4
February 43,956 120,938 110,092 9.0
March 48,199 120,152 106,591 11.3
April 50,397 110,846 94,784 145
May 51,034 73,417 62,522 14.8
June 51,997 52,393 45,226 13.7
July 51,997 32,461 28,897 11.0
August 52,320 40,162 34,720 13.6
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October 52,320 186,545 171,385 8.1
November 51,997 201,651 185,935 7.8
December 51,354 218,863 203,648 7.0
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3 52007 3 AbelA o] 166740 BT A A PRISMO® FAT A
A 0w
Month
Jan. Feb Mar Apr May June July Aug Sept Oct Nov Dec
Mean of measured precipitation (mm)
8 41 113 31 107 104 232 374 390 42 13 24
Cell
Spacing RMSE of PRISM estimated precipitation (mm)
(m)
5000 77 85 274 101 279 307 510 973 793 167 139 6.4
270 6.4 90 247 102 236 276 436 893 683 160 141 6.3
Coefficient of Variation (%)
5000 96 21 24 33 26 30 22 26 20 40 107 27
270 80 22 22 33 22 27 19 24 18 38 108 26
RMSE
reduction -169 59 -99 10 -154 -101 -145 -82 -139 -42 14 -16

(%)

WA 712 5X5km AR AT PRISM #4273 AS53ste] At
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% (491: dimensionless)
(th =825 FHaiAd(H91: date)
(th #=A24:

Chill Days Anti-Chill Days
Case Temperature
(Co) (Ca)
1 0<T, <T, <T, Cy, =0 Co=Tu-T
2 0<T <T. <T, C, :—[(TM —Tn)—(TX_TCH c =T
2 2
3 O0<T,<T <T C, =—(Ty -T,) C,=0
4 T <0<T, <T. c, =" |1« C. =0
T,-T, \ 2

5 TnSOSTCSTX Cd:_ T—X T_x _ TX_TC C :Tx_Tc
T -T 2 2 2 2

- 7134

Cq: Chill days

Ca: Anti-chill days

Tx: Daily maximum temperature
Ta: Daily minimum temperature
Te: Threshold temperature

Tw: Daily mean temperature

() 548 Tc = 7C, Cr=-155 & Hr =589 & o|& 54 7|25 7T

o] e gt= A& Ftop mid Y] Ce¢t Co7t AtE L A ALEE Coot Com AlE
AT ojw Co= -gks ZHAl HM wAE -gho] A TE S A8 A28 T
T -155¢] mEet Aol sjAlE . wEbA Cu7t -1559] EEekE EAE =Y
st 17lo] FHsiAge] ®h mPTIAI R Ce FAAIZIEH A SFE FA A

A gl ARl siAE ZHE Cog TAHAAA FasiAd wWel 7F Copkel
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Thae =0 & T, =30
T T
GDDO . : o Tbase
2
If Tmin <Tbase1 Tmin :Tbase
T max > Topt ! Tmax = Topt
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TH 3] 7] 4] H=E7)e
_ Y = -0.012X + 1.166 X: 49 ~ 799 FHav|&
7} 2| 4*(L/D ratio) B
HAAE)F: 085 <= Y
¥} anthocyanin Y = -0.969X + 28.239 X: 109 H 7]
Bl NE7I 14pg <= Y

= -1.756X + 49.095 X: 109 Hd7|

Y
Hunter a value B
/5]'%"7]"r 25 <=

(2) Abat 2A7EEr o] 71 A e F A AR
(h =4 3FELE Y T+

O T=(°Bx)

74 %= (kg/5nn D)

® #3 4 anthocyanin &%

@ Hunter L value

& Hunter a value
(h AR 7eRE

(th &=

= 3114 SRR

0.209X + 8.433 X: 8¢9 HA7|
2% (°BX)

AFET)F 13°Bx <= Y

Y = -0.042X + 1.981 X: 4 ~ 899 H7|=
74 % (kg/5mn D) B

AET)E 12 <= Y
7} 4] anthocyanin -2.457X + 60.475 X: 849 Hr|e
61:]!—%]: /5}%‘7]"r 8 <=Y

Y = -0.823X + 10.353 X: 4 ~ 899 Huv|&
Hunter a value

AEI)E -1l <= Y
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140 21 A7 AU Page (1/10)
CNe Name  Twe Wik Heg  Createdme  Adiem

1 A3 @ FUI=E RASTER 10560 16169 Mo dify] [Delete]
2 2428 & = RASTER 10560 16163 [t dify] [Delete]
3 #4328 o F = RASTER 10560 16169 [ dify] [Delete]
4 HH 4 2 E NI E RASTER 10560 16169 [Modify] [Delete]
5 HU 53 2 F DI E RASTER 10560 16169 Mo dify] [Delete]
3 262 o B = RASTER 10560 16169 [0 dify] [Delete]
7 HA 72 o =2 RASTER 10560 16169 [Modify] [Delete]
g HU g 2 F DI E RASTER 10560 16169 [Modify] [Delete]
i 293 2 FUNE RASTER 10560 16169 [ dify] [Delete]
10 U 108 Y E o= RASTER 10560 16169 [0 dify] [Delete]
1 29 11E g F0I= RASTER 10560 16169 [Modify] [Delete]
12 HY 128 9 E(DIE RASTER 10560 16169 [Meodify] [Delete]
13 A2 g FHIE RASTER 10560 16169 [Modify] [Delete]
14 2928 o FHIZ RASTER 10560 16169 [0 dify] [Delete]
15 HA 38 2 F|/HIZ RASTER 10560 16169 [Modify] [Delete]

There is no data

<< [1] [2] [3] [4] [5] ) 2=

MName % 2 A0

1% 83. 71§% DB &% 3id

RASTER v

100 |

(c) |
\8.03556 |
|
|

-7.53993

-3.40262e+38

116153.507812 ,|88371.953125 |

432953.507812 ,|573441 953125 |

110560 x| 16163 |
|ma}{temp ,V|

|kangws |

14 84, 7§ AEsF3d
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(h FA7F= A A @ CPU: Intel Xeon Quad Core 2.33GHz DB-2]
EuRS) @ RAM: 4 GB, HDD: 1 TB A1
@ OS : Windows 2003
@ DL580RG5
(2 CPU:Quad-Core 2.4GHz, og
(W) 59R3T% @ RAM:16GB, HDD: 146G*8 .
@ OS : Redhat Server5 14
(® DBMS: Oraclel0g
oy 7] Ak 21 S
(h ‘:?j 1% DB @ Model: IBM X3500 A &
ikl @ CPU: Intel Xeon Quad Core 2.33GHz DBA ]
@) 71 4d R ) @ RAM: 4 GB, HDD: 1 TB .
A @ OS : Ubuntu A
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& 6. 7FEE7IAAY F 9 o) A (http:/ivww.ncam k) ol Al A ThEE AT SR H5

Products for Climatological Normal Year Unit Cell Resolution
(1971-2000, 1981-2010) (m)
Monthly averages of daily maximum 0.1C 30
temperature
Monthly averages of daily minimum 0.1C 30
Primary temperature . ,
Monthly averages of daily solat 0.01MJ/m 30
irradiance
Monthly sum of daily precipitation mm 270
Daily temperature range 0.1C 30
Start date of growth DOY 30
End date of growth DOY 30
Lowest minimum temperature 0.1C 30
Lowest possible temperature at 10 year 0.1C 30
return period
Lowest possible temperature at 30 year 0.1C 30
return period
Date of first frost DOY 30
Date of last frost DOY 30
Secondary ~ Cumulative solar irradiance (spring) 0.01MJ/m? 30
Cumulative solar irradiance (summer) 0.01MJ/m? 30
Cumulative solar irradiance (fall) 0.01MJ/m? 30
Cumulative solar irradiance (winter) 0.01MJ/m? 30
Cumulative solar irradiance (annual) 0.01MJ/m? 30
Cumulative precipitation (spring) mm 270
Cumulative precipitation (summer) mm 270
Cumulative precipitation (fall) mm 270
Cumulative precipitation (winter) mm 270
Cumulative precipitation (annual) mm 270
Number of rain days NOD 270
Growing degree days 0.1C 30
Physiological maturity DOY 30
Budburst date DOY 30
Flowering date DOY 30
Analytical Endo-dormancy release date DOY 30
Forced dormancy release date DOY 30
Cold hardiness duration NOD 30
Dormancy depth - 30
Freezing risk % 30

DOY: Day of year (1 for January 1, 365 for December 31)
NOD: Number of days
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