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ABSTRACT

A Land-Atmosphere Modeling Package (LAMP) for supporting agricultural and forest management
was developed at the National Center for AgroMeteorology (NCAM). The package is comprised of
two components; one is the Weather Research and Forecasting modeling system (WRF) coupled with
Noah-Multiparameterization options (Noah-MP) Land Surface Model (LSM) and the other is an
offline one-dimensional LSM. The objective of this paper is to briefly describe the two components
of the NCAM-LAMP and to evaluate their initial performance. The coupled WRF/Noah-MP system
is configured with a parent domain over East Asia and three nested domains with a finest horizontal
grid size of 810 m. The innermost domain covers two Gwangneung deciduous and coniferous
KoFlux sites (GDK and GCK). The model is integrated for about 8 days with the initial and boundary
conditions taken from the National Centers for Environmental Prediction (NCEP) Final Analysis
(FNL) data. The verification variables are 2-m air temperature, 10-m wind, 2-m humidity, and surface
precipitation for the WRF/Noah-MP coupled system. Skill scores are calculated for each domain and
two dynamic vegetation options using the difference between the observed data from the Korea
Meteorological Administration (KMA) and the simulated data from the WRF/Noah-MP coupled
system. The accuracy of precipitation simulation is examined using a contingency table that is made
up of the Probability of Detection (POD) and the Equitable Threat Score (ETS). The standalone LSM
simulation is conducted for one year with the original settings and is compared with the KoFlux site
observation for net radiation, sensible heat flux, latent heat flux, and soil moisture variables.
According to results, the innermost domain (810 m resolution) among all domains showed the
minimum root mean square error for 2-m air temperature, 10-m wind, and 2-m humidity. Turning on
the dynamic vegetation had a tendency of reducing 10-m wind simulation errors in all domains. The
first nested domain (7,290 m resolution) showed the highest precipitation score, but showed little
advantage compared with using the dynamic vegetation. On the other hand, the offline
one-dimensional Noah-MP LSM simulation captured the site observed pattern and magnitude of
radiative fluxes and soil moisture, and it left room for further improvement through supplementing
the model input of leaf area index and finding a proper combination of model physics.
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Table 1. Comparison of high-resolution numerical modeling approaches using multi-nesting domains, large eddy

simulation (LES), and computational fluid dynamics (CFD)

Approach Issues Highest resolution References

Feasibility, 1,000 m Lee et al.(2010), Kim et al.(2012)
Stability, 1,100 m Jeong et al.(2012)

WRF Initial/boundary conditions, 300 m Seong et al.(2013)

multi-nesting Coordinate system, 111 m NIMR(2013)
Computational speed, and 90 m Lee et al.(2014)
Newest physics 90 m Song et al.(2015)
Cloudy days,

WRF LES Moisture/precipitation, and 123 m Liu et al.(2011)
Computational speed/cost 111 m Gaudet ef al.(2013)
Urban / rural area,

WRF CFD M01.sture/pre01p.1tat10n, <100 m Meissner and Weir(2011)
Stationary solution, and <70 m Farella et al.(2013)
Computational speed/cost 10 m Zheng et al.(2015)
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Fig. 1. Flow chart of the National Center for AgroMeteorology-Land-Atmosphere Modeling Package (NCAM-LAMP).
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Domain 04

Fig. 2. Domain configuration of the WRF/Noah-MP model.

FNLARR7} A sl otk el wolle) 548 472
E 9] KoFlux #=Z](37.75°N, 127.16°E)o|H, &L
D =}l g AR kAo ZH2F 21,870m (dol),
7,290m (d02), 2,430m (d03), 810m (d04)<] 4% )
S5 A4 T slsleFig. 2). w9 o3t o el
AL Lee et al.(2014)3} Song et al.(2015)& Et}t
(Table 2). 2| T2} 2| 33] 3 25 30 A=)
USGS (United States Geological Survey) =5 AR

S| 2.9] AL Noah-MP] 54 A4 %35}
OFe 4 $(CTL A@)oh ZYTH A HDVG )2 A

Table 2. Model specification

Askick 54 AL el 712, wle, 74 Hof o)
S3to] A0 BEA L 5 Stz Al 7]
A A2gjo] RolQl Aol ket MY Ud g ER A
o U4 ghe At CTL Al 2 2jol2 1l 4 9)

o} 2 10] 71712 2014 3Y¥ 1Y 00A]5E 10 31
A 23 X717 oF 870 Q] 7|17k 2 A, B 717t ol Al
REle 747F 8 TAIZE St ARE AL, A 27 A1 &
A HE e o] AW Y ut 2hg & 2] o] HeldE aLefst
A AARL T, 7Y T2 H RATEE AGH o2
o|ojA] oF 87U 2] 0] 422 KL o] A7 & v sl tHFig.
3). 7Y 9= At o] = A5V SHOIA 1

Domainl Domain2 Domain3 Domain4

Integration period 2014.03.01. OOLST ~2014.10.31. 23LST
Experiments CTL: Noah-MP without dynarpic vegetgtion

DVG: Noah-MP with dynamic vegetation
Resolution (m) 21,870 7,290 2,430 810
Topography and Land Use data 30" 30" 30" 30
Initial condition NCEP/NCAR GDAS (FNL) analysis (6-hourly)
Shortwave radiation scheme Goddard shortwave
Longwave radiation scheme RRTM
Microphysics WSM 6
Cumulus parameterization New Kain-Fritsch ~ New Kain-Fritsch off off
Planetary boundary layer YSU PBL




Seung-Jae Lee ef al.: The NCAM Land-Atmosphere Modeling Package (LAMP) Version 1: Implementation and Evaluation 311

Usage period (7days)

| | | | [ [l |

0 12 00 120 12 % 129 12 9 12 %12 %12 %3,
h
f . i . .

00 KST
~

1
o r

| UL I I I I Il

¥
00 00 00 00 00 00 00 00 00 00 KST
1 1 1 1
2 R M L L L Y L

1103

: .
Exj 1ent

Usage period (7days)

>~

T
I 2l

A Tt T | L

Fig. 3. Long-term data production method using WRF/Noah-MP model output.
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Fig. 4. Spatial map of observation sites (x in black) and the nearest model grid points to the observation (x in red) used
for model verification in (a) Domian2 (d02), (b) Domain3 (d03), (c) Domain4 (d04). Terrain height is represented with
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Table 4. Statistical scores (r, Bias, RMSE) between
mid-term model simulation result and observation
during about 8 months by variable, domain, and
dynamic vegetation option

Domain
Exp. do2 do3 do4
7290m 2,430m  810m
CTL 0.95 0.96 0.96
DVG 0095 0.96 0.96
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o Bias
(0) DVG -0.93 -0.70 0.16
CTL 242 2.26 2.06
RMSE = ==
DVG 251 2.36 2.01
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CTL 271 2.03 1.33
RMSE
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CTL  0.76 0.74 0.76
DVG 0.75 0.72 0.76
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(%) DVG 1044 6.09 -1.39
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DVG 18.14 16.97 14.18
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Table 5. Same as in Table 4, except for monthly statistical scores (r, Bias, RMSE) in Domain 4

Domain 4
Month
Exp.
3 4 5 6 7 8 9 10
CTL 0.97 0.95 0.93 0.86 0.84 0.81 0.91 0.93
r
DVG 0.96 0.95 0.93 0.85 0.84 0.81 0.91 0.93
CTL -0.09 0.20 -0.25 -0.40 0.24 1.42 1.16 1.50
T2 Bias
DVG -0.37 -0.30 -0.64 -0.64 0.10 1.21 0.77 1.14
CTL 1.65 1.69 2.09 1.98 1.97 2.57 1.97 2.36
RMSE
DVG 1.71 1.73 2.14 2.10 1.96 2.44 1.77 2.13
CTL 0.62 0.63 0.64 0.55 0.66 0.54 0.57 0.64
r
DVG 0.62 0.64 0.67 0.54 0.65 0.56 0.60 0.64
CTL 0.04 0.10 0.17 0.21 0.09 0.48 0.32 0.41
WS Bias
DVG -0.04 -0.01 0.12 0.16 0.07 0.46 0.29 0.35
CTL 1.40 1.39 1.50 1.25 1.15 1.49 1.09 1.30
RMSE
DVG 1.41 1.36 1.43 1.27 1.17 1.44 1.02 1.28
CTL 0.75 0.74 0.79 0.79 0.78 0.64 0.77 0.80
r
DVG 0.76 0.74 0.80 0.77 0.78 0.66 0.77 0.81
CTL 2.60 -0.71 -1.87 -1.77 -1.39 -8.63 -12.04 -4.94
H2 Bias
DVG 4.48 3.03 1.25 -0.22 -0.58 -7.33 -9.51 -2.35
RMSE CTL 16.30 16.16 13.59 11.32 10.72 15.65 18.24 13.85
DVG 16.62 16.27 13.03 11.45 10.78 14.74 16.58 12.70
(a) d02 (b) d03 (c) do4
1 1 1
09 0.9 0.9
08 0.8 0.8
0.7 0.7 0.7
0.6 0.6 0.6
05 0.5 0.5
0.4 0.4 0.4
03 0.3 0.3
0.2 0.2 0.2
01 0.1 0.1
0 0 0 I
05< 5< 10< 15< 20¢< 05< 5< 10< 15< 20< 05< 5<¢ 10< 15< 20<

mCTLPOD mDVG POD CTLETS mDVG ETS

Fig. 5. POD and ETS of 24-hour accumulated precipitation in (a) d02, (b) d03, and (c) d04 during 8 months by threshold
value and dynamic vegetation option.
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Fig. 6. Time series comparison of cumulative monthly rainfall between observations and model simulations in two
sites in Domain 4. (a) Dongducheon (Observation station number: 98) and (b) Seoul (Observation station number:

108).
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Table 6. Monthly Probability of Detection (POD) according to threshold of 24-hour accumulated precipitation of each
domain in DVG experiment

Domain Threshol_cll Month

(mm day™) 3 4 5 6 7 8 9 10

05 < 0.91 0.84 0.82 0.81 0.79 0.82 0.76 0.94

5< 0.80 0.80 0.64 0.59 0.60 0.73 0.72 0.88

do2 10 < 0.78 0.72 0.60 0.49 0.47 0.67 0.78 0.88
15 < 0.69 0.65 0.61 0.36 0.39 0.60 0.83 0.79

20 < 0.51 0.63 0.63 0.27 0.33 0.54 0.81 0.78

05 < 0.85 0.80 0.80 0.75 0.72 0.59 0.57 0.86

5< 0.43 0.74 0.73 0.43 0.67 0.44 0.55 0.71

do3 10 < 1.00 0.71 0.54 0.38 0.52 0.47 0.80 0.63
15 < 0.00 0.60 0.68 0.18 0.47 0.37 0.95 0.59

20 < 0.60 0.75 0.21 0.37 0.30 0.76 0.45

05 < 0.88 0.80 0.64 0.88 0.80 0.58 0.38 0.90

5< 0.80 0.57 0.60 0.69 0.44 0.38 0.67

do4 10 < 1.00 0.57 0.40 0.58 0.50 0.67 0.75
15 < 0.80 0.20 0.58 0.33 0.67 0.67

20 < 0.75 0.25 0.62 0.20 1.00 1.00

Table 7. Same as in Table 6, except for monthly Equitable Threat Score (ETS)

Domain Threshol_cll Month

(mm day™) 3 4 5 6 7 8 9 10

05 < 0.27 0.36 0.34 0.12 0.13 0.20 0.21 0.30

5< 0.39 0.53 0.32 0.18 0.20 0.31 0.42 0.50

do2 10 < 0.50 0.50 0.41 0.15 0.18 0.31 0.47 0.55
15 < 0.43 0.46 0.49 0.11 0.16 0.28 0.49 0.49

20 < 0.30 0.45 0.52 0.08 0.15 0.28 0.55 0.48

05 < 0.15 0.37 0.33 0.18 0.14 0.08 0.08 0.30

5< 0.05 0.48 0.43 0.09 0.41 0.19 0.38 0.45

do3 10 < 0.25 0.29 0.37 0.08 0.32 0.28 0.60 0.52
15 < 0.00 0.18 0.53 0.03 0.32 0.19 0.63 0.52

20 < 0.28 0.64 0.06 0.24 0.15 0.59 0.36

05 < 0.12 0.23 0.04 0.15 0.16 -0.07 -0.11 0.46

5< 0.00 0.43 0.29 0.14 0.37 0.19 0.13 0.32

do4 10 < 0.20 0.47 0.07 0.43 0.32 0.34 0.70
15 < 0.00 0.75 0.02 0.43 0.16 0.34 0.62

20 < 0.00 0.71 0.12 0.42 0.10 0.46 0.47
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Table 8. Statistical scores (r, Bias, RMSE) for simulated
net radiation (RNET), sensible heat flux (FSH), latent
heat flux (FLH), soil moisture content (SMC) at HFK
site

Variable r Bias RMSE

RNET (Wm™?) 1.00 3.56 15.18
FSH (Wm?) 0.87 5.99 31.27
FLH (Wm?) 0.91 23.64 54.36
SMC (m’m™) 0.73 0.01 0.03
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