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Regional Observatories for the Public

In addition to the main National Observatory at Doi Inthanon, NARIT has been committed to establish 5 more regional

observatories scattered through the five geographical zones of the country.

1, Thai National Obsecvatory
2. Princess Sirindhorn Observatory

: : 3. Phi
TST (Thai Southern Hemisphere Telescope) 4 N
. Khon Kaen
. - . . : : 5. Nakhon Ratchasima
In collaboration with the University of North Carolina at Chapel Hill PO

7. Songkla




NARIT High Performance Computer (HPC) cluster

-Installed Feb-Mar 2015

-Testing and commissioning
CASTOR Cluster late Mar — April 2015

\ -Announced to Thai

astronomical community
during TNAM May 2015
- Open for community use in
June/July 2015
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Hardware

<% 1 Management node (12 cores, 2.4 GHz Intel Xeon E5-
26xx v3, 32GB RAM)
< 5 compute nodes, rack servers
« Total 80 cores (5 x 16 cores 2.6 GHz Intel Xeon E5-
26xx v3)
« RAM 5 x 64 GB (320GB, 4GB per core) DDR4
RDIMM 2.13 GHz
 Dual-port 10 Gbps Ethernet, with teaming
connections
« Each rack 1s compatible with up to 2 GPU cards
upgrade
<& Storage 7.2 TB SAS 10K rpm 6Gbps (RAID5, 2GB
cache)
< Network Switch 10 Gigabit Ethernet
< Expected R, .= 2.26 TFLOPS



Software

OS Rocks 6.1.1 - CentOS Linux 6.5 (RHEL
cloned)

- Job scheduling Sun Grid Engine
- Distributed memory processing MPICH2

OpenMP +JE§+ X

Shared memory processing Intel®
OpenMP

Compilers Intel® Fortran, C & C++
compiler for Linux (non-commercial), GNU
compilers (gece, gfortran etc.)

Numerical Library Intel® Math Kernel
Library, GNU Scientific Library (GSL)

- Astronomical Software & Data reduction

@2

Cosmological MonteCar

ESO-Scisoft, Starlink, IDL® & NASA
GSFC IDL library

- Interpret languages Python™, IDL®

Max-Planck-Institut
A code for cosmological simulations RUEEERTIEA

Simulation Gadget2, +...
Cosmology CosmoMC, HEALPix, +...

- Weather Research and Forecasting (WRF)



) Consortium: Roadmap
NATIEINAL E=-SCIENCE

INFRASTRUCTURE CONSORTIUM

Ma‘lagemem Nodes

e o DCI (Mon, BDII, Ul, SE, CE)
NARIT has joined

The Thai National
e-Science Infrastructure 201 4
1,960 CPU-Cores

Consortium) early 2015 675TB Storage
: ﬁ : ’ (UI, SE. CE)
LEEEE %

200 Cores % ;

CPU (Cores) Storage (TB)

HAII 896 Cores 112 TB I 10078 Faaun
RoIDA 688 Cores 2908 600 Cores

SUT 656 Cores 150 TB

cu 208 Cores 10TB
KMUTT 224 Cores 25TB

Total 2,672 Cores 597 TB




NARIT High Performance Computer (HPC) cluster
Phase 2 and the future

New compute nodes

16 x Blade Server NARIT High Performance Computing & & 4+
Data storage system NARIT
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Using Atmospheric Science in
Astronomy

* Phase 1: Weather/Climate Model Sensitivity Study

— Can assist astronomical observations by providing in-house
weather forecasts (including astronomical seeing
forecasts)

— Can provide water vapor profiles for radio astronomy

 Phase 2: Addition of Aerosols
— Assist Astronomical Observations / Health

* Phase 3: Feedback of Space Weather (e.g. solar
variability) on Weather/Climate

— Fundamental Science



Astronomical Seeing

NARIT Seeing Monitor TNO km44
660 samples as of: 05:30:39 03/16/2559
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Numerical Weather Prediction (NWP)

AR = the change in a
forecast variable at a
particular point in space

ﬂA F(A) describes the

——— - F A physical processes that
( ] can cause changes in

the value of A

At equals the change in
time

forecast inicial

A = A + F(A}ﬂt
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Primitive Equations

Wind Forecast Equations
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Model Grids, Resolution and
Dynamical Downscaling




Parameterization

Surface radiation

Incoming — e Dok
e

solar &, "

radiation ~\

|

gl
N Y ,’;’

Mountains

\>

Cloud Processes: too small-
scale to be resolved by models

Ocean

Solution: just find out the
aggregate effects

©The COMET Program



Processes that are Usually Parameterized

Microphysics and Convective
Processes

1) Incoming Solar Radiation 12) Topography

2) Scattering by Aerosols’ and Molecules 13) Evaporation

3) Absorption by the Atnosphere 14) Vegetation

4) Reflection/Absorptign/by Clouds 15) Soil Properties

8) Emission of Longwaye Radiation from 16) Rain (Cooling)
Earth's Surface 17) Surface Roughness

&) Condensation 18) Sensible Heat Flux

7) Turbulence 19) Deep Convection (Warming)

8) Reflection/Absorption at Earth's Surface 20) Emission of Longwawve

8] Snow Radiation from Clouds

10) Soil Water/Snow Melt

11) Snowilce/Water Cover

The COMET Program



Microphysics Processes

hail _
v
graupel
g .
. O
L J
e & ¢ l |
RIMING ! rimed e & rimed snow
riming  ice crystal ¥4* * flake
aghe v RIMING v
frozen rimed raindrop 3 B A
Tee ice crystal * ¥ snow flake
L] L ‘
N
RIMING
I
frozen/supercooled
liquid raindrop + IN |
""""""" _T_____________I |
COALESCENCE : |
. . «—— @ ran drop I v
: . : cloud droplet I
I
N | * . CONDENSATION I
"o * * ° CCN & water vapor ! c l
O l I =
— . % |
- ° i s v
— 1 )
18] . £ N I 7{\'\' ice crystal _O @
= e o dé il =t snow flake O
'§_ : . water droplet :
I . hail, graupel

\ 2
) *FE . -ral.n
. ®| 5 . hail
° 3 |
. 2 graupe
. ) -



Microphysics Parameterizations
A A

Qv
Kessler /\WSM3
Qv Qi —® Qs
L [ 0C
Qv
& ©
O
A WSM5 s Lin et al./WSM6

Qv Qv




Convective Processes

detrainment

compensating
subsidence

entrainment

boundary layer



Cumulus/Convective Parameterization
Betts-Miller-Janjic

Skew-T for BMJ Scheme: Initial State

200 gy

300§

100 K%

500 By

Pressure [hPa)

Conceptual Example of BMJ Scheme: Initial State




Cumulus/Convective Parameterization

Kain-Fritsch

Shew-T for Kain-Fritsch Scheme: Initial State
200

Conceptual Example of Kain-Fritsch Scheme: Initial State
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The COMET Program




Weather Research and Forecasting
(WRF) Model

External WRF
Pre-Processing WRF Model
Data Source System
/7
Alternative
Obs Data Ideal Data
2D: Hill, Gray,
Squall Line & Seabreeze
Conventional 3D: Supercell ; LES
& Baroclinic Waves
Obs Data l ‘ Global: heldsuarez
WRFDA
OBSGRID
WRF
Terrestrial
Data ARW MODEL
l (includes Chem
& Fire modules)
—
WPS — REAL
E—

Gridded Data:

NAM, GFS,
RUC, NNRP,
AGRMET(soll

Post-
Processing &
Visualization

—p  VAPOR
1 NCL
ARWDpost
—>1 (GrADS/
Vis5D)

—p1 RIP4

WPP
1 (GrADS/

GEMPAK)

— > MET




Visualization and Analysis Platform for
Ocean, Atmosphere, and Solar

https://www.vapor.ucar.edu



Model Domain, Spatial and Temporal
Resolutlon and Coverage

R S~ -

Nocumulus/convectlve S 1 deg (6 hour|Y)

parameterization

-
H |
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. 0

50 km (3 hourly)

Cool-Dry-Season
December 1-15, 2014

Hot Dry-Season
May, 1:12, 2015

Wet Season
August 1-7, 2015




Parameterizations Used

- Microphysics

WREF Single-  WREF Single- WREF Single-  WRF Double-

Lin et al.
Moment 3- Moment 5- Moment 6- Moment 6-
CumUIUS class, WSM3 class, WSM5 (P(l:nrd;)e) class, WSM®6 class, WDM®6
(mp3) (mp4) P (mp6) (mp16)
Betts-Miller-
Janjic, BMJ X
(cu2)
Kain-Fritsch,
KF (cul) X X X X X
Grell-Freitas,
GF (cu3) X X X X
Grell-3D, G3
1S e X X X X

(cu5)



Validation Sites

F

§ CHIANG RA

--1

Chlang Rai Agromet Thai
Meteorological Department
(TMD) Station (401 mASL)

Chlang Mai Airport Thai

Meteorological Department
(TMD) Station (309.2 mASL)

Lampang Airport Thai
Meteorological Department
(TMD) Station (248.5 mASL)




Resolution / Parameterization
Performance Metrics

Meteorological
Parameter Used, y (yo =

observed; ym =

modeled)
Bias Z(Ym _ }'o)
N
Mean Absolute Error, 2lvm
MAE N temperature, pressure,
= humidity, rain (only
Root-Mean-Square 20m = Yo) during wet season)
Error, RMS N
Correlation Coefficient, Pearson product-

R moment



Resolution / Parameterization
Performance Metrics

Meteorological
Parameter Used, y (yo =

observed; ym =

modeled)
%Bias 2w
Yo
Mean Absolute Error, 2y — ol
7%MAE Vo temperature, pressure,
humidity, rain (only
e )
Root-Mean-Square JZ(Ym Yo) during wet season)
Error, %RMS N
2 Yo
Correlation Coefficient, Pearson product-

R moment



AT air (with respect to rural reference T)

+4

+3

+2

+1

Why wind is not included in the

&) €

Vertical view

L Meso-urban

metrics?

Synoptic
wind
direction

Meso

Convective
clouds

Urban canyon
Surface temperature heat island




Analysis Framework
NCEP/

NCAR . : WRF . Input
Reanalysis Preprocessing Parameters

Data +

Post-Analysis
WRF Run

v

Post- Change
Processing Microphysics and
v Cumulus

Model Parameterizations
Output

Calculate Bias, Meteorological
MAE, RMSE |€ .g
Observations

!

Calculate
Significance of
Differences

|

Optimum
Resolution, and
Microphysics and
Cumulus
Parameterizations




Message Passing Interface (MPI)

Parallel C,ov\r\puuc\v\c:3

More cores DOES NOT necessarily mean
faster

Optimum no. of cores: 8



Surface Temperature at during the
Cool Dry Season (mp3cul — 2 km)

T2

T2 (K)

] TS |
283.0 288.0 283.0 288.0 303.0 308.0
in=377.0. Mox= 604.%2




Water Vapor Mixing Ratio during the
Hot Dry Season (mp2cu2 — 50 km)

L«f 1
\ !

QE (10" 41-;g1-;g1

Synthesized time coordinate from Times(time):

__, . >
230 0



Accumulated Non-Convective Rain during
Wet Season (mpl6cu5 — 50 km)

RAINIMC
Synthesired time coordinate from Times( time|: 2015-07-29 00:00:00

RAINNC (mm)

Daln His = 0.0, Hox= 0.0



Chiang Mai Airport TMD Station
Cool Dry Season (mp3cul — 2 km)

Temperature (Bias;-2,9308: WAE:3.2184: RMSE:3.B675) [OC]
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Model Output Hodel Output

Model Output
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Parameterization Performance Metrics
(Cool Dry Season

Biaz

| i | | | | | | | ' | |
mplBcul mplBcu3 mplBcub mpZoul mp2ou? mp2oul mp2oub mp3cul mpdcoul mpdou3 mpdcuh mpGcul mpBcu3 mpBcuf

MFE
0,18 I I

016 —
0,14 —
0,12 —
01—
0,08 —
006 —
0,04 —
002 —

mplBoul mplBcu3 mplBcuf mpZeul mp2ou? mp2ou3 mp2oul mp3cul mpdcul mpdcu3 mpdcuf mpbcul mpBcU3 mpBcUf



Parameterization Performance Metrics
(Cool Dry Season)

RHSE
0,2 : |

0,18
0,16
0.14
0,12

0,1
0,08
0,06
0,04
0,02

Optimum: mp3cul (3 out of 4)



Optimum Microphysics and Cumulus
Parameterizations

— mp3cul (cool dry season)
— mp2cu2 (hot dry season)

— mpl6cu5 (wet season)



Resolution Performance Metrics
(Cool Dry Season)

Cool-Dry Season (mp3cul) Cool-Dry Seazon (mp3cul)
0 0,12 T
=0,01 _
0.1 F
-0,02 - i
-0,03 - — 0,08 F
=0,04 _
& £ 0,06
R 0,05 .
-0,06 B 0,04 -
—0,07 - _
0,02 -
-0.08 - 4
-0,09 . L ! 0
B0 km 10km 2 km
Cool-Dry Season (mpdcul) Conl-Dry Season (mp3cul)
0.16 ' ' : oy ey B ———
0,14 F 07 r
0,12 - 0B
[ 0.5hr
[}
20,08 o 0,4 F
[
Q.06 03r
0,04 02r
0,02 - 0.1 F
0 0
50 km 1okm 2 km 50 km 10km 2 km

Optimum: 2 km (4 out of 4)




Chiang Mai Airport TMD Station
Cool Dry Season (mp3cul — 2 km)

Temperature (Bias;-2,9308: WAE:3.2184: RMSE:3.B675) [OC]

()
(7]

ra e
= m o

56

=

Meteorological Parameter

10
1270772014

Date [mm dd uguy]

12/12/2014

12/02/2014

Relative Humidity (Bias:-8,4189; WAE:14,8106: RMSE:19,321R) [#]

=
E=3
L)

o0
L)
-y

=
L)

Heteorological Parameter
o
L)

120772014
Date [mm/dd uyoy]

1241272014

Wind Speed (Bias:d,2729: WAE:9.EG7E: RMSE:1Z,0548) [kmsh]

(oY)
L)

Metearalogical Parameter
r-J
Ll

127072004 1241
Date [mm/dd yyuy]

o TR
120272014

1241772014

Meteorological Parameter

=
o

1271772014

Meteorological Parameter

1241772014

Heteorological Parameter

Pressure (Biasi4,4942; MAE;4,4942; RHSE;4.67323) [hPal

=
o=
-2
(&7

10261
1015 8

1010 [¥;

05 ¥ |. L I
12/02/2014 1240772014 12/12/2014
Date [mm/dd yuuu]

-3
x 10 Rain {Bias:7,1708e-0f; MAE:7,1705e-0F; RMSE10,0001354) [mm]

12/12/2014

0
1240272014

1270772014
Date [mmddd uguy]

4(jhélind Direction (Bias:-39,3924: WAE:30,0636: RMSE:108,6357) [deq from Morth]

" {2/12/2014

v ;
12407420
Date [mmddd uguy]

& (bzervations
% Hode] Output

12/17 /2014

1241772014

1241772014



Chiang Mai Airport TMD Station
Cool Dry Season (mp3cul — 50 km)

Temperature (Bias:-4,2004: MAE:4,3285: RMSE:4,B649) [°C] Pressure (Biss:-12,8331: MAE:12,8331: RMSE:12,8894) [hPal
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Model Output Hodel Output

Model Output
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Optimum Resolutions

— 2 km (cool dry season)
— 50 km (hot dry season)

— 50 km (wet season)



Summary

Seasonal dependence of optimum resolution, microphysics and cumulus
parameterization (seasonal presence of hydrometeor types —
microphysics; seasonal convective processes)

— mp3cul, 2 km (cool dry season)
— mp2cu2, 50 km (hot dry season)
— mpl6cu5, 50 km (wet season)

2 km simulates temperature and pressure better (cool dry season) — rain
not included in metrics

50 km simulates temperature and humidity better (hot dry season) — rain
not included in metrics

50 km simulates temperature, humidity and rain better (wet season)



Next Steps...
* Apply to forecasts (forecast skill)

* Find out the reasons why these resolution and

parameterization combinations were close to
observations

— Compare with observed profiles (wind)

— Investigate hydrometeor profiles and convective
processes

* Apply to Astronomical Seeing



Recommendations for Re-
Analysis/Forecasting (Phase 1)

Use higher resolution boundary conditions
Increase the number of validation sites

Utilize a longer temporal period

Use a higher resolution land use data (MODIS)

Include urban surface physics parameterization (surface
wind)

Perform spectral and observational nudging



The End
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(Hot Dry Season

Biaz

-0.02

-0,04

-0,06

-0,08

-0,1

-0,12

-0.14
mplEcul mplBcu3 mplBcub mpZcul mp2ou? mp2cU3 mp2cus mp3cul mpdoul mpdcu3 mpdcus mpEcul mpEcu3 mpEcUS

HAE

0,28 I I

0,2

0.15

0.1

0,08

mplEcul mplEcu3 mplEoub mpZcul mpZoul mpZcu3 mpZcus mp3cul mpdoul mpdcu3 mpdcub mpEcul mpEcu3 mpEcUS




0.9
0.8
0,7
0.6
0,5
0.4
0.3
0.2
ol

Parameterization Performance Metrics

(Hot Dry Season)

RHSE

mplBcul

mplEcu3

mplBcub

mpoul mp2oul mpZcu3 mp2oul mp3cul mpdcul mpdcu3 mpdcub

mpBcul

mpBcu3

mpBcus

mplBcul

mplEcu3

mplBcub

mpoul mp2oul mpZcu3 mp2oul mp3cul mpdcul mpdcu3 mpdcub

Optimum: mp2cu?2 (4 out of 4)

mpBcul

mpBcu3

mpBcus




Parameterization Performance Metrics
(Wet Season)
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Parameterization Performance Metrics
(Wet Season)
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