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Development of a diagnostics package for regional climate model outputs

Hideyuki Kitabata'** and Masanori Harada?

We developed a post-processing diagnostics package for output from regional weather or climate research models. The
output data size of high-resolution models, even for regional studies, is considerably large due to the model complexity and
integration of additional elements according to advances in computer technology. Therefore, the large amount of effort and
time required for handling and analyzing such data seem to hinder the use of a high-resolution model for obtaining available
and more detailed information. This diagnostics package supports and reduces workloads simultaneously performing
necessary routine processing for analysis, comparisons to observations, and drawing figures, as seen in a web browser.
The package was built for data analysis of long-term simulation outputs of the Altai Mountains area by using a regional

climate model, the Weather Research and Forecasting (WRF) model.
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1. It ®ic

N E TIZIPCC (RMEZENB T 2 BUFF I SR L) @
WEFETAONDEABEEBSTFUET VOKRILS, A
BIIRER RN AP E ORI ) ko 7o -3
REEAT L A AL Itk k
25, LPLABSZFOREFIIBTHALOH
WAEIZIEFICREL, Z02to7u v A2 8FELTT
O—NVEEND T 4 — FNw 7 X = AL &SN
5 Z L ATREBEDO ARG L TIT L CEE
ThDH. WEIICH R - JLPERESENE T e o T
A TIHIRB LD AT A2 L Ak % i, ekl <
DHFFEFIA % 13 Lo BEEIZ BT H B LICE ) FkE
DEBZERT 5L OB (K, 8E, st Kk
W, BMAERE) FEL TR, URiEE OARZERE
TRGEEDE I ESTA2E ITVRTTS T - TN
) T HIE AT 4 — OV FBlllZIToTWwh, Thb
IO LR SABEZEL N L v FEEET 5 1213 B
BB T — 7 OEEPME W EZTH L5, EREBI
WX DS N B AR R ZERICA T — VT v 7L
THIH RO & BT 5 720 | ISR S 55T 7V
DFERRENTH S, ETFIVEEFILBI T — & OFB
REXMGE L7z L TR, BT — 4137 VAHIR
TR E N L CLYABOLH EERATIRIL L
DR D, F-Ml4 OFEZORKNE W T O+ A0
Ll ZEHRTELDLETIVIFHOFETH .

AWFZE D H IR HIRA S/ STV 2 iEHT 5 1T,
BRI OBME (R ML) 1S5 —EHE
BHT522LThY, MELBECEMMEEETVOM
NT—5 ZIICBT 57200 AT L %2 3T 5
EThHDH RKBW Sy r—UIE, HEAKTHE TV
WRFIZEBT VI AIUROEM S I 2L —2 3 ViERD
F— S RN IR ARA MLELY 25 4 L L THEE S
nr.

2. 7N EAMROEB Y I 2V —va vy

2.1 WS PIE TV WRF

— IR R/ FIEE TV L, BRI ED 5 R
LNTHIRO LS (RADIKEE) 2FtHET 2 8BEE TV
ThY, Y o#b) T — 5055 2 5N b EORSEMN
Db LT, FEANE YEEANC L72A5 5 TERIETASR
Bg, RUREBEERZBHHT 2OIEH SN S, A%
2B\ TIZKEINCAR (National Canter for Atmospheric
Research) (2 & o CTHEH - 25 S T 2 SIS STl

7 )VWRF (Weather Research and Forecasting model) @
ARW3.4 (The Advanced Research WRF version 3.4) /¥—
TarefHLT, TVIALROEHY I 2L -3
> (Sep/2000-Aug/2010) A3EfT S 7z, WRFTHW /-4
WA 7Y 3 v % Table 1IZR Y.

Table 1. Model options of physical process for WRF

#1. WRFOYHBRL T a >

Planetary Boundary Layer | Mellor-Yamada-Janjic
Land-surface model Noah LSM
Longwave and Shortwave CAM

Cloud microphysics New Thompson

Cumulus parameterization | None

2.1.1 RHERGRIR & GHRLAE
FHERT R (Fig. 1-a,b) 13E ¥ TNFEEHD, T 7T,

1000km x 1000km

WRF version: ARW 3.4
Resolution:  Skm/grid
Input data:  NCEP/NCAR reanalysis 1

Fig. 1. (a) Location of the study area including the Altai Mountains
L. (@ 7V A IlkE O RO E
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Fig. 1. (b) Terrain height and GSOD stations in the study area.
L. (b) FFERS RAVIA DR HIE & GSODBIMA T — 2 a3 ~
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HE, A7 A5 BT LIS (7 vy A 1LR)
THY, EE3000m %82 5 RMAH x5 EEBEATIC
W), ZEOKAIPEAET 51— T 2 T EKBEOHR
BT AHIBTHS. ZOTNVE A ILIREZTLY BT
1000km U5 D) 7125t L, ARFEEEE Skm, $iE 44 g
TREHN/Z3RILZ ) v F (200x200x44) T I 2 L —
varyEEFLA BIEIEE, 20004£09 A% 52011
EOSHFEFTONFEMTHS. ¥Ialb—a ol
fiE Je OBE LB X FH#AT (NCEP/NCAR reanalysisl) 77—
¥ % L, WPS (WRF Pre-Processing System) % /L
TRRY O TEL 2 T- 72 RBHHMEZL ADA
Yo7y T AR CLERIC (Fig. 22 M), Byl
12 6EEHIEICE S L CWRF 2 ES W72, WREOH )7 —
SHFEII3EMTHL. COTLVIAIUROERH Y I 2
L—Ya ik h@eniztihr—21x L, WirEsEs
TR H72ODO KA MLEZW Sy r— Y ORISR 1T
7z,

2.2 Je B> — 4 (GSOD, APHRODITE)
ETIVHREDOHBICHWABIMT— 7 203 5.
KBWoNy 75—V TIEETIVEROEEME: % 573 %
728012, Table2 |\Z/R 9 2 OB 7 — & £ v b & I
H7—% & LTHHATA. —2I&, NCDC (US National
Climatic Data Center) 23UE, AL TWAEREET —
%4 v b GSOD (Global Summary of the Day) T 1),
Zowhr o ERiEEHEKkET - 2HEHTS. bH)—
ONET T THIHAET AWEE T — 7 2R L TRETF

F2 &) 7 v ML E L/ APHRODITE (0.25°, daily;
http://www.chikyu.ac jp/precip/) %3 4. GSODIEX
RAT— 3 Y& EICBIT AL AR & Bk o FSRY)
AL (75 7) OHBIZH 525, APHRODITE I3 [47k
BEOEMSAAN (2 v —<v ) ORBKICHEHTS.
% BGSOD DK ET — & IIHEFTOFEUEZD S DT
HBH72OIZ, FREIITEEORED S M/NIFHE ST
WL EEZLNDL., FOROWERTORMILECR (Catch
Ratio) %A LT, RImOBRAME, H/ME K O aHE T —
% (GSOD) 25 CR%AZFH L, BEKET— 4 12k L THi
1E (Prep=Prep®SOP/CR) % 47- THh & ERIZH 72, CR
DEHEI (Goodison et al, 1998) IZFHEETDOZ A 712 LD
HEubd, ZZTIEEYINVT—HHIZHWSNATHE
Ft Tretyakov DR %2 M H T2 (Table3).

Table 2. Observation Data Sets for comparison with WRF outputs
#2. WRFOWIHER L OLBHBIT -5 £ b

GSOD/NCDC air temperature (daily-mean,min,max),
wind speed (daily mean), precipitation (mm/day),
2000-2011, text file
APHRODITE/ precipitation, resolution(0.5°and 0.25°),
APHRO_V1003R1_RU | (mm/day). 2000-2007, netCDF

Table 3. Regression equations for catch ratio CR for Tretyakov gauge
U:wind speed (m/s), T: air temperature ()

723, R Tretyakov LR (UJRH [m/s], T-5iR[T1)

Precipitation Regression Equation
Snow (T < 0°C) CR =103.11 - 8.67U + 0.30Tmax
Mixed (T > 0°C) | CR =96.99 —4.46U + 0.88Tmax + 0.22Tmin

Spin Up Production Run

1 month 1 year
H—

9 A (2000)
H—
9A(2001)
H—
9H(2002)

@ : initial data (Reanalysis)

9A(2010)

Fig. 2. How to run the long-term simulation (11 years)

H2. B (114) ¥ 32— ary0tEhE
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3. KA MUAEEi Ny =Y

3.1 mps

K2 MLEZE Sy - —3 (Fig.3) Lid, FEfTy oL
7027 F I (/code/script.csh) ZiEEI$5Z & T, T4
AROE Y I 21— 3 v 2EFLTHESN2WRF
o7 =% (jwrfout: 3EEHIHIFE) 725, HONHH T —
%77 4V E L CWRFRHEMEO HFS, A, FHEF
¥, EPHEEER LT, 252D & i T —
% (/aphrodite, /gsod) & BIFFEAIRA CTEMET— & 1235
bary—xv 7 (MG L7 77 (KER¥IZL) %
HEIWES ST A 707 S oy r—2 (K707 5 6%
RESM T AN ERZ T LOLD) Thb, B sy
=Y OFEFTY 2N TOT T A TEHIZIZ S EO BN
(ar%—, 757 HIIPNGIER) »MER SN0, Zh
Sidg T4 L2 b)Y (html) WTHTIML 7 7 A
WICFER S NEH I N TWeb 7 I 7V CRIEMREE 72 5.
PoT, 2—=FEIWeb7 I 7H P S5HIML b v 7=

NE) Y IDROEN, FRFEOR=TIPHITHERL -
ZOEDOZWHEDOERE LTIy Iy —RPT T TR~
V) T EN, FNFNOR=I 9 LEZWIRNFEIR E
N5, F/, RVATALATHETEa39—-L7T7
DO % Table4 & Table 5 12 FNEIURT. BETE 5
WRFD 125 e LCTid, BIRICBWTEI T — & 3%
DIAFIHETH B FKE (Prep) &#h E&IR (T2) D2
ZH (Np=2) L34, 72720 RMICEIIEEILEINTE

Table 4. Data Sets and Variables in HTML files for Contour Map
F#4, a2 —HHIML7 7 A VCHETEBF— %y N RO

Period Data Sets Times (mean) Variables (Np=2)
WRF, Annual Prep, T2
Each year Aphrodite Seasonal Prep, T2
Monthly Prep, T2

Table 5. Data Sets and Variables in HTML files for Graph
#£5 Z77HHIMLY 7 A VCHETE 57— 5ty FRUEH

(/html/index.html) % B < & & CHWTALEE RS 23X CH Periods Data Sets Times (mean) | Variables (Np=2)
BT 52 ENTE D, BULAHRO b v 7= Y0l Annua Prep, T2
)ﬁﬂij{ %g < ﬁf{‘ﬁ"’( ‘(ﬁﬂzyﬁg'ﬂ_’. ]\ L F@I\D_ :) é: %5?0) Entire period | WRF (Area, Point), Seasonal Prep, T2
’ I
B - — (2000-2011) GSOD (Ns=10) Monthly Prep, T2
RN v RAT R RO — v
S ’5’& k) ! fiﬂzk,ﬂ: LY RO e Liﬁq:?]‘ﬁ Each year Monthly Prep, T2
Ty ERIIDILEM ML Y FERT T TDNR=T
input files
/code
Iwrfout Script.csh : Script executing program
WRF output « Averaging WRF output (Daily, Monthly, Seasonal, Annual Mean) NCL script
+2000-2010 « Making of Contour Map for WRF
+ 3 hour-interval * Making of Contour Map for APHRODITE
“netCDF * Making of Graph for WRF GNUPLOT script
+ Making of Graph for GSOD
Japhrodite * Making of HTML files
APHRODITE (Contour)
+2000-2006
*netCDF /html output files
/gsod FTRETeE HTML page for interannual variations (WRF&GSOD)
top page raph_0##.himl:
eeliiel ol T T Graph gDispla')"r of each graph
- Text file w2000-2010 = Annual variation $$.png
« Seasonal variation
w2000 * Monthly variation
W2001
HTML page for each year
\ contour_0##.html:
Contour Map (WRF&Aphrodite) Display of Contours
« Annual data $$.png
* Seasonal data
- Monthly data
graph_1##.html:
Graph (WRF&GSOD) Display of each graph
* Monthly variation $$.png

Fig. 3.
3.

Schematic diagram of the diagnostics package

BUIS o — Y D3 27 LB
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HEIERETENTEBY, F0OP %ﬁﬁiﬁ%% XET T AN
(Fig. 4: /code/LIST /list_data_name) Z7Eak L CERLZ AT
). R BEBLERROFMICOWTIE, 332 SO
k.

v

3.1.1 2 % —Hlhtml

BAMEE TR I, EENLBHRIEa > ¥ —
LTI TOQEETHLH, INHaArI—RINT T T %
FRTAHX—=Y (iml 7 7 4 V) OHKEIZOWT, £
NEN311 L3112 THMT 5. mWlar sy —H
html 2DV TRR2 725, & 2 TIEEEMIC, FOEDOE
(Annual), Z=ffi (Seasonal), A (Monthly) 7 — % %% 4 |2
st L CREE KR (Prep) & Hh R5UR (T2) Oy —
(22 A ) AMER SN v 7 &b, 7 — & FlIEWRF
(iJ118) & APHRODITE T& V), APHRODITE ® =
% —IZWRF (Prep) O3 % — 2 TFRENS. O
v & — ORWFFIL T 0L — A EET 7 AV (Fig. 4:
LIST/list_area_latlon) PUIHEEREEIC I VIRET L. F
7eavy—BIUOT I 7HEOMEE LT, FkE (Prep)

WRF_DIAG_PACKAGE
\

f—— html

| —— index.html
| F— cnt

[ F— plot

| diag

[

f—— code

| |—— Prep_contour_wrf.ncl

| |—— T2_contour_wrf.ncl

| — aphro_contour.ncl

| f——— aphro_prep.ncl

| — extract_T2_variation.ncl

| f—— extract_prep_variation.ncl

| f—— gsod_prepare.csh

| |—— gsod_stn_daily.f

| f—— gsod_stn_w_monthly.f

| |—— script.csh

| f—— script_GSOD_time_variation.csh
| f——— script._ WRF_contour.csh

| |—— script WRF_time_average.csh
| f—— script_ WRF _time_variation.csh
| - script_aphrodite_contour.csh

| |—— script_aphrodite_data.csh

| f=—— script_graph.csh

| |—— script_html.csh

| |—— script_parameter.csh

| |—— template

\

\

\

\

\

\

| —— plot.template.plt

—— LIST

f—— list_area_latlon
f—— list_data_name
f—— list_stn_latlon
L—— list_ w_year

f—— gsod

[ — aphrodite

f—— climo

—— wrfout

Fig. 4. Program tree of the diagnostics package
M4, BWioSy r—ro7ur g sk
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IEmmEAT, Al (T2) IFBREHALE L, KSE 9D
LEUESHETHDI127 A) #EOQHS LT 4. 615 w2000
(2000.9.1-2001.8.31).

3.1.2 ' 7 il html

WIZZ T 7R MmO WTHMT S, 75 7 H html
IIRRAEZE ML Y FHEKER=VHADPDH 5. FEL
{t b L~ KAITIX Annual, Seasonal, Monthly 7 — % 4
IZPrep RUT2D 7 7 7 HETE, FFER—TJHTIE
Monthly 7°— % % fi 5 7z Prep & T2 D4ENZEF % /R$ 7 5
TOESNY 7 ENDE. MEREN T T 71348,
I Yy — O & R AR ) TNOFEE (Area)
L, BIWAT—3 3> (Point) \2B1F B ERINZLATR
SNB. NS Area DFEFHIEER, K O Point {7 B [HHIE
LIST/list_area_latlon, list_stn_latlonDFX5E 7 7 A WIZZF N

TWHEERECIREL, EEICEFE T L2 LN RETH
5. BRI — ATt AreallidFig. 1 (b) O &iPHAT,
Point{&#\ZIZNCDC (GSOD) DI10HFTDAT— 3 »
T5# (Table6) A RRESINZ. ThbL, TLVF Ak
EFEHO ML Y K (WRF) LBIIAT— 3 V&8I
B B ERYE LD IE (WRF & GSOD) #i#x 15 2
ENRTES.

3.2 7a sy I AR L BB

Fig. 4 |2 AR A MLEZW /Ny =2 - VAT 40710
7T LER (T4 L7 MUREE) 2R, P o/himlid
W74 L2 by THY, by 7= “index.html” %
I LHETLZHTML 7 7 4 VEERCIER SNz a v & —,
7T TEPEMEND. Jcode lZIEY — AT HT T LN
—xXNEENTEBY, /code/script.cshDSEITY = WV IZH T2
%. [code/LIST |ZIXFZ Wil sH3%, #Hbr, L LI
M3 LET7 74 VOB, ILS. [gsod, /aphrodite 13 Z 11

Table 6. List of station locations (list_stn_latlon)

#£6. AT —3 3 YLEDY) X b (list_stn_latlon)

WMO/DATSAV3 No. Station Name Lat. Lon.
360580 CEMAL 51.433  86.000
360610 TUROCAK 52.267  87.167
442120 ULAANGOM 49.800  92.083
442140 ULGI 48.933  89.933
442180 HOVD 48.017  91.567
510530 KABA_HE 48.050  86.350
510760 ALTAY 47.733  88.083
510870 FUYUN 46983  89.517
511560 HOBOKSAR 46.783  85.717
512880 BAYTIK_SHAN 45367  90.533
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BB T — %, jwrfoutlZIEWRFO T 7— & 53
BliE X N5, F72, /climollid, BWIXKIERD7zHDH
M7—4%77A4VE L TCWRF & PRI L7 -5,
daily, monthly, seasonal, annual mean 2’&fH S 5. 7B
BB L LTk, A A7 AldLinux OS_ECEIET 5.
C =)V, gnuplot, NCL A%~ ") 7" b EifE8¢3%, Fortran I
UL TOETH B,

3.3 BB

Web 7' 7 % 5 “html/index.html” % FIR L THI < &,
BB RO by TR=UPFRRENDL. HTHARM,
BWIEHD) v 7 Zillo T L TREayy—& 7
FTI7eRLIEINTES.

UFEMAMIZ, TV AWLROEM Y I 21— g
W7 — 1203 2 B WL R (hitp://cryosalon.jp | T
KEF) BAT L. RN, by TR= T OFIRMH %

WRF diagnostics package

Fig. 51277 ¢, Fig.5TlX, TOBWEMEE L TRET 7
AV FAHRE S NI (1LAER) SIS 55
2L D L v F— T w2000-2010 (w: water-year D7)
&, BTN O &£ D= — 2 w2000, w2001, ..., w2010
DK AMEL S ¥ 7 ENTEY, w2000-2010% FFEIZ
7)) v 7§ 5%EFig.6 BFEZELML Y FOR=D) ~NE&
FORBIH B L, M), BEOR—THE LTw2000
2w 735 EMEIXFig 81285, DT, BEZL b
L > F (Fig.6) L &4ED~<— (Fig.8) DK AIZONT
RS 5.

331 MEELIVY FOR=Y

Fig.6 GRAEZILI L v FOR—) T, TR 4
A (114ER) (b7 FE 4 B8 % 7T 7T TRAZEDTE
5., ZIZTIREIZEFHO ML Y FIZRLFIZ, K DEE
#H1Z Annual, Seasonal, Monthly @ 7°— % #:(24531F Tl

This diagnostics package computes annual and monthly means of the simulations and produced contour plots

about precipitation amounts and surface air temperatu
climatic trends comparing WRF simulation to the obse

diagnostics pack
al and Aphrodite

n be used to investigate

# The water year is adopted as annual period. It means the period from Sep 1 to Aug 31 of the following year.

Model Run (5km/grid) in the Altai Mountains

Entire period

w2000-2010 HTML Page for Interannual Variations : Fig.6

HTML Page for Each Year : w2000 => Fig.8

Fig. 5. HTML top page as a diagnostics execution result (html/index.html)

5. WHLEAEROHTML b v 72— (html/index.html)

Graph

Annual variation
w2000-w2010 Prep T2

Seasonal variation
w2000-w2010 Prep T2

Monthly variation
w2000-w2010 Prep T2

Interannual Variation for Seasonal Data : Prep = Fig.7

Fig. 6. HTML page of annual trends during the entire period (w2000-2010)

X6. HIMORAEZIL ML Y FAIHTML<— (w2000-2010)
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Wﬁﬁzf% % Prep & T2IZX§ 2L E 77 73R %
IRRETENTW S, BARBIE L ClE, Seasonal variation
(wzooo-wzolo) O Prep % IR L 7245 K % Fig. 7TIIR T
Seasonal variation Tl, %&, E, fk, LOXFHEKE
WIEL ED LI L T LD %EMAZ ENTE,
FARM MR & L TIE, “Annual variation”, “Monthly
variation” (Fig.6) & % ,\L@ﬁﬁ’i’ﬁﬁb‘ A, —EHIZ
WRF® Area GiHRFEIHT1) OZE %K 7T 755, K
HUBEICBEIMA 7— 2 a3 » (Point) D7 7 7Hh—E3
DTN HNEACTHEE SIS, Fig. 7 TIXERIZ, —BEHIC
Area*FHDZE) & LT, Fi (SON, DJF, MAM, JJA) 5D
Rk s OFAEZA LS — W L ICE RSN TBY, £
B HLIETIZ, BIIAF—3 3~ (CEMAL, TUROCAK,
) SRR E T — ¥ OR4EZALS T 7 HISON, DIF,
MAM, JJA £ 36 ATWRF (##) & GSOD (#%) DOZ&)H
AW LI HEBFERSNS. HBFig. TOZEB B LD 7
57k LT, Bl AT —3 3 Y IZCEMAL £ TUROCAK

Area-average of the whole domain

Yearly variation of seasonal dats

D2MBEDOARERL, FRDITAM L. EBROR—-IN
WEATF—=va o (Ns=10) §XTIH LTI 7
IXESN A, (http://cryosalon.jp) .
332 HIEONR-Y

FAEDOR—TOF L L Tw2000 (Sep. 2000-Aug 2001)
DNR—T % Fig. 812787 . Fig.8ICROND LI, K4
DR— T TIEZ D (W2000) DZWiHEROTE %&% [}
k2 T3 ¥ % —“Contour” & 7' 7 “Graph” DFZ WX 5112
ST CHEE L THB Y, “Contour” THETE 5 DITFDIE
@, Annual data, Seasonal data (SON, DJF, MAM, JJA),
Monthly data (Sep, Oct, ..., Aug) DFHT —Z X3 5%
WiZE B Prep b T2 > 5 —< v 7 THhH. BEBIE LT,
Seasonal data7> 5> w2000-SON DT2DFR M1 % Fig. 9 (a)
|2, % 7zMonthly data D17 & 1Zw2000-06 ? Prep®d #R
i % Fig. 9 (b) (2739 T2 (Fig.9-a) [dWRFD I > & —
DHDFRTH L7, Prep (Fig.9-b) (& APHRODITE D

6. E— ‘ Study area mean; WRF only (SON, DJF, MAM, 1JA)

‘ Station data; WRF vs. GSOD

%

sssssssss

/

Station data at CEMAL
Yearly variation of seasanal dats (SCN) Yearty variation of ceasonal data (DJF) Yoarty variation of ceaconsl data (MAM) Yearly variation of sestanal data {jjA)
0 800 0 600
e WRF SN —a— WAF Off —— i WAE VAN —a— WAF A —a—
550 GSCO-S0N == 350 GSODOF = 550 GSODMAM 550 GSOD-jA =3
500 0 500 500 “A
450 ] a0 450
0 0 T o E 400
-é- 50 —;- 350
§ X0 i‘ 300
3 E =0 8 2%
200 § 00 & w0 £ 200
150 1 150 150
100 100 100 \ 100
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Fig. 7. HTML page of seasonal mean trends during the entire period
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APHRODITE 7 — % % A1 },
<http://www.chikyu.ac.jp/precip/ >

Cryosalon.jp (JAMSTEC 7 )V T AR 7 — %44 ),
<http://cryosalon.jp>

GNUPLOT A — AR—7,
<http://www.gnuplot.info>

Goodison, B.E., P.Y.T. Louie, and D.Yang (1998),
“WMO solid precipitation measurement
intercomparison final report”

NCDC (NOAA National Climatic Data Center),
<http://www.ncdc.noaa.gov>

NCL (NCAR Command Language),
< http://www.ncl.ucar.edu>

WRF Model Users Page,
< http://www.mmm.ucar.edu/wrf/users/>

MET Users Page,

< http://www.dtcenter.org/met/users/>
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