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ABSTRACT

In this paper, the high-resolution Weather Research and Forecasting/Noah-MultiParameterization
(WRF/Noah-MP) modeling system is configured for the Cheongmicheon Farmland site in Korea
(CFK), and its performance in land and atmospheric simulation is evaluated using the observed data
at CFK during the 2014 special observation period (21 August-10 September). In order to explore the
usefulness of turning on Noah-MP dynamic vegetation in midterm simulations of surface and
atmospheric variables, two numerical experiments are conducted without dynamic vegetation and
with dynamic vegetation (referred to as CTL and DVG experiments, respectively). The main results
are as following. 1) CTL showed a tendency of overestimating daytime net shortwave radiation,
thereby surface heat fluxes and Bowen ratio. The CTL experiment showed reasonable magnitudes
and timing of air temperature at 2 m and 10 m; especially the small error in simulating minimum air
temperature showed high potential for predicting frost and leaf wetness duration. The CTL
experiment overestimated 10-m wind and precipitation, but the beginning and ending time of
precipitation were well captured. 2) When the dynamic vegetation was turned on, the WRF/Noah-MP
system showed more realistic values of leaf area index (LAI), net shortwave radiation, surface heat
fluxes, Bowen ratio, air temperature, wind and precipitation. The DVG experiment, where LAI is a
prognostic variable, produced larger LAI than CTL, and the larger LAI showed better agreement
with the observed. The simulated Bowen ratio got closer to the observed ratio, indicating reasonable
surface energy partition. The DVG experiment showed patterns similar to CTL, with differences for
maximum air temperature. Both experiments showed faster rising of 10-m air temperature during the
morning growth hours, presumably due to the rapid growth of daytime mixed layers in the Yonsei
University (YSU) boundary layer scheme. The DVG experiment decreased errors in simulating 10-m
wind and precipitation. 3) As horizontal resolution increases, the models did not show practical
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improvement in simulation performance for surface fluxes, air temperature, wind and precipitation,
and required three-dimensional observation for more agricultural land spots as well as consistency in

model topography and land cover data.
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Fig. 1. Cheongmicheon Farmland site in Korea (CFK) on 20 August 2014.
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Fig. 2. The national observation sites around the CFK site. Model precipitation is compared with the observed precipitation
at Janghowon (JHW), Jeomdong (JD), Yeoju (YJ), and Buron (BR). Model topography is shaded in green.
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Fig. 4. Same as Fig. 3, but for model land-cover type. Also see Table 1 for land-cover category information.
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Table 1. United States Geological Survey (USGS) land use
category and description

Land Use
Category

Land Use Description

—

Urban and Built-up Land

2 Dryland Cropland and Pasture
3 Irrigated Cropland and Pasture
4 Mixed Dryland/Irrigated Cropland and Pasture
5 Cropland/Grassland Mosaic

6 Cropland/Woodland Mosaic

7 Grassland

8 Shrubland

9 Mixed Shrubland/Grassland
10 Savanna

11 Deciduous Broadleaf Forest
12 Deciduous Needleleaf Forest
13 Evergreen Broadleaf

14 Evergreen Needleleaf

15 Mixed Forest

16 Water Bodies

17 Herbaceous Wetland

18 Wooden Wetland

19 Barren or Sparsely Vegetated
20 Herbaceous Tundra

21 Wooded Tundra

22 Mixed Tundra

23 Bare Ground Tundra

24 Snow or Ice
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Table 2. Correlation coefficient (r) for simulated and observed latent and sensible heat fluxes (W m~2) at CFK

Exp. Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Domain 6
IH CTL 0.79 0.76 0.77 0.77 0.78 0.78
DVG 0.79 0.77 0.78 0.78 0.78 0.77
i CTL 0.62 0.69 0.70 0.70 0.61 0.61
DVG 0.64 0.70 0.69 0.68 0.62 0.61
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Fig. 8. Same as Fig. 7, but for Bowen ratio.
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Table 3. Bias, root mean square error (RMSE), and correlation coefficient (r) for 10 m simulated and 9 m observed

temperatures (°C) at CFK in all model domains

Exp. Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Domain 6
Bi CTL 0.26 0.51 0.62 0.59 0.56 0.56
1as DVG -0.02 0.22 0.33 0.30 0.27 0.26
RMSE CTL 1.50 1.58 1.62 1.61 1.64 1.65
DVG 1.43 1.47 1.48 147 1.49 1.49
CTL 0.91 0.91 0.91 0.92 0.91 0.91
f DVG 0.92 0.91 0.92 0.92 0.92 0.92
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Fig. 10. Hourly mean diurnal cycle of (a) simulated 2 m and observed 2 m air temperatures (°C) and (c) difference between
observed 2 m and simulated 2 m temperatures at CFK in domain 4. (b) and (d) same as (a) and (c), but for simulated 10 m
and observed 9 m air temperature (i.e., averages of the observed 1 m and 3 m air temperatures).
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Table 4. Root mean square vector error (RMSVE) for simulated 10 m and observed 9 m wind (m s™') at CFK

RMSVE Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Domain 6
CTL 2.01 2.12 2.63 2.81 2.88
DVG 1.97 2.10 2.62 2.81 2.86
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Kawai, 2011).
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Fig. 11. Time series of simulated and observed precipitation
(mm hour™") at JHW site in domain 4.

QB A7) g Bo| Avks aFAR1 Aoz Azt
Hr}. Table 5= VX B= oM AL 7P7ke-
H Y] 329 AWS TS ZAHQ] FSUAIHW), H5(ID),
(YD), F2(BR) A sl A 1S TAF
Aijoltt, 52 248 X7 DVG AP =91 5
o|Xe] Ao AHE ALSt Be =HQ1T Z5ellA
CTL AR} A5re] o] dEs st 5 3l
o}, T3t APt ol met oS AP P
i AolaiA e, L A-ellA tha 7ol

AAAATE T2 A3l 7o) fIAT

¢

Iv. 21 & &% A

-

B Ao NE AY 3 EAGE AR 7]

Hke] WRF 7P E /Noah-MP AHEE A 28-S
AnH FAANE 4w =35k, 20143 &Y
2195 99 10971A] AA1E A s 583
< 53 dojul R85 B85l o] AHelAY] 4=3]
o] A5S kst

3 717kl gk X129 A3 A3}, Noah-MP2]
T4 AS IFATE A TFA7IA] B2 7390l
Hlsl FUAAF, ©af BAE, A3EH FH2, 7], bf
o, Y] Bopt el A AFe ¥ thpke
Aoz Yepgtt. bt Fete] wdut BAL ouix)7} o}
o) 2o] Holl wje} dE 9 FE Z2-9] Bojof| )
AN #AZol| gl Hdf Bofghs AIS B o,
52 A4 T AlY] Bedbls 2¥y f50] {1
o Wy =20 fu7) -3 BoEAS-S FRls)
Ack. 4 HA7I] Bof7t #5534 0.3°C 23F o]
o] Aes B F AL T3l 2 Welgy dvd
A AEGAITE oS sl 1541 Arjolt.
54 2o ¥ 5ol B flo] ¥ FH &
oo mE g o= Qs dF F 719 IVt
&5} B2 Blg)] ME B5S BYAT, HA 7L
2 FHa 712 AEE Z 2oEit). o= YSU 4
AT Wbe] Zh= B3 27] 4% 5497 Aol

= ZoF BAE. oje} BRsle, IS HIHH
AT R HZAEES vl 2 asdEolA
o] oPAASE W Folo] AJZ- tK(Shin and
Hong, 2015y Alx=sl & Algo|t). BEL 45
o] Bofsle AEFS BYou Ao AlEt-F8 Al
AL giA=Z & TAsIom, 54 S XS

o

rr

Table 5. Bias and root mean square error (RMSE) for surface precipitation (mm hour™) at Janghowon (JHW), Jeomdong
(JD), Yeoju (YJ), and Buron (BR) rain gauge sites in all model domains

(a) JHW (b) YJ
Exp. Domainl Domain2 Domain3 Domain4 Domain5 Exp. Domainl Domain2 Domain3 Domain4
Bi CTL 022 0.26 0.26 0.26 0.26 Bi CTL 0.10 0.11 0.12 0.14
™ DVG 014 013 017 018 035 S DpVG 007 009 oml 013
CTL  1.84 2.15 2.23 2.28 2.29 CTL 1.75 1.83 1.88 2.00
RMSE RMSE
DVG 135 1.44 1.73 1.90 2.04 DVG 1.54 1.66 1.82 1.97
(©JD (d) BR
Exp. Domainl Domain2 Domain3 Domain4 Domain5 Exp. Domainl Domain2 Domain3 Domain4
Bias CTL  0.19 0.21 0.21 0.21 0.21 Bi CTL 0.17 0.18 0.17 0.17
DVG 013 014 013 013 0.3 S DvG 013 015 014 0.14
RMSE CTL 1.68 1.87 1.93 1.94 1.93 RMSE CTL 1.59 1.81 1.81 1.83
DVG 130 1.40 1.36 1.38 1.39 DVG 1.28 1.52 1.63 1.67
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