
 

 

 
Abstract—Wind energy is rapidly emerging as the primary 

source of electricity in the Philippines, although developing an 
accurate wind resource model is difficult. In this study, Weather 
Research and Forecasting (WRF) Model, an open source mesoscale 
Numerical Weather Prediction (NWP) model, was used to produce a 
1-year atmospheric simulation with 4 km resolution on the Ilocos 
Region of the Philippines. The WRF output (netCDF) extracts the 
annual mean wind speed data using a Python-based Graphical User 
Interface. Lastly, wind resource assessment was produced using a 
GIS software. Results of the study showed that it is more flexible to 
use Python scripts than using other post-processing tools in dealing 
with netCDF files. Using WRF Model, Python, and Geographic 
Information Systems, a reliable wind resource map is produced. 
 

Keywords—Wind resource assessment, Weather Research and 
Forecasting (WRF) Model, python, GIS software.  

I. INTRODUCTION 

OWADAYS, investments in renewable energy are 
growing faster. Not only that it cuts the electric bill but it 

also cleans the Earth’s climate. Moreover, there are many 
sources of renewable energy and one of its sources is wind 
energy. Wind energy is always present because of uneven 
heating of the Earth by the Sun. Therefore, using wind energy 
as source of renewable energy is one of the best options. In 
addition, the Philippines is one of the countries that is rapidly 
developing wind as a primary source of electricity. However, 
assessing wind energy in a particular domain poses a tough 
challenge to the developers and researchers. With the help of 
numerical weather prediction (NWP), it can determine the 
wind resource potential because it uses numerical 
representation of the atmosphere based on current weather 
measurements. 

Based on researches, WRF model performance is better 
than MM5 [1]. The Weather Research and Forecasting (WRF) 
Model is an open source NWP system used for research and 
operational applications. It is fully compressible and is a 
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nonhydrostatic model with vertical coordinates of terrain-
following hydrostatic pressure [2]. The numerical methods the 
model use are 2nd and 3rd order Runge-Kutta scheme. For the 
horizontal and vertical, a 2nd to 6th order advection scheme is 
used. The model supports ideal and real case application. The 
model also supports nesting mode (one-way, two-way, and 
moving nest options). The WRF Modeling System workflow 
is shown in Fig. 1. 

The WRF output is in netCDF format - a representation of 
scientific variables in an array-oriented data. Since the WRF 
model output is considered a meteorological data, there are 
many scientific variables modeled, one of which is the wind 
speed. It consumes larger file size to the system thus an 
extraction of wind speed in the WRF output is needed. There 
are many post-processing tools that can handle netCDF files. 
First is the Panoply netCDF viewer, it can only visualize 
netCDF output but cannot extract and manipulate wind speed. 
Second is by using a GIS software, it supports netCDF files 
but opening such large files are time consuming. Also, it is 
incapable of manipulating wind speed like calculating its 
annual mean wind speed. Lastly, Grid Analysis and Display 
System (GrADS), is an open source post-processing tool used 
to access, manipulate and visualize earth science data like 
netCDF. However, creating scripts for these are very complex. 

Python is widely used by researchers and software 
engineers because of its object-oriented open source 
programming language. It can handle earth science data like 
netCDF and Grib [3]. Being object oriented, its command is 
easier and compact compared to other programming language. 
In this paper, python script was used in extracting wind speed 
from a WRF output (netCDF) file [4]. 

A. Objectives of the Study 

This study aims to produce a wind resource map using 
WRF model, Python scripting and GIS software. Simulation, 
extraction, and visualization are the three main parts of the 
study. For simulation, WRF model was used with 
recommended parameterization by several literatures. For 
extraction of wind speed, Python-based GUI software was 
developed. Lastly, a GIS environment was used for 
visualization. 

Development of a Wind Resource Assessment 
Framework Using Weather Research and Forecasting 

(WRF) Model, Python Scripting and Geographic 
Information Systems 

Jerome T. Tolentino, Ma. Victoria Rejuso, Jara Kaye Villanueva, Loureal Camille Inocencio, Ma. Rosario 
Concepcion O. Ang 

N

World Academy of Science, Engineering and Technology
International Journal of Computer and Systems Engineering

 Vol:9, No:12, 2015 

1348International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
Sy

st
em

s 
E

ng
in

ee
ri

ng
 V

ol
:9

, N
o:

12
, 2

01
5 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
03

05
0/

pd
f



 

1.
2.

3.

W
wa
da
Si

vi
m
re
ev
wa

m
W
pr
Ja

Specifically, 
. To simulate
. To extract 

using Pytho
. To develop

B. Scope and

The study fo
WRF model, P

as 2014 of Il
ata for WRF m
imulation and 

This study ha
sualization. 

meteorological 
gion. Then, th

ventually store
as used to dev

A. WRF Mod

WRF Model 
model, there a
WRF pre-proc
rocessing. Th
anuary 1, 2014

the objectives
e 1-year atmos
annual mean 

on, 
p a wind resour

d Limitations 

cuses on deve
Python scriptin
locos region w
model was do
extraction wa

II. MET

as three main 
WRF mod
data with 1-

he WRF outpu
ed in an Exc
velop an annua

del 

version 3.6 w
re three majo
cessing (WP
e time period
4 to January 1

s of the study a
spheric data u
wind speed o

rce map using

eloping wind 
ng and GIS. 
with 4 km re
ownloaded fro

as done using U

THODOLOGY 

parts: simula
del was u
-year 4 km r
ut was extracte
el file. Lastly
al mean wind r

was used in the
or component

PS), WRF m
d for WRF 
, 2015 with a

Fig. 1 WRF

are: 
sing WRF mo
on the WRF 

g GIS environm

resource map
The simulated

esolution. The
om NCAR w
Ubuntu platfor

ation, extractio
sed to sim
resolution in 
ed using Pytho
y, GIS enviro
resource map.

e study. In the
ts to its work
model, and 
simulation is

an hourly outp

 

F Modeling Syst
 

odel, 
output 

ment. 

p using 
d area 

e input 
ebsite. 
rm. 

on and 
mulate 
Ilocos 

on and 
onment 
. 

e WRF 
kflow: 

Post-
s from 
put [5]. 

Nes
with
sele

T
and 
sele
the 
upp
the 
of 1

In
simu
mic
reso
for 
cum
it w
para
para

B

A
extr
Tkin
mai

 

tem Workflow

sting domain w
h resolutions, 
ected domains 
The 1st domai
d Visayas part
ected covered 
Palawan area

per part of Luz
domains had 

10m, 5m and 2
n this study, 

mulation. In 
crophysics was
olution simula
wind speed 

mulus paramet
was recommen
ameterization 
ameters of the

B. Extraction U

A developed P
raction of win
nter library w
in window of t

was used in W
36 km, 12 k
are shown in 

in selected co
t of the Phili
the Luzon pa
. Lastly, the 3
zon which inc
28 vertical le

2m respectivel
adaptive time

microphysic
s used becaus

ations [1]. In a
compared to 
terization, Kai
nded by UMD

schemes, t
e WRF Domain

Using Python 

Python-GUI b
nd speed from
was used in c
the software is

WRF model t
km and 4 km 
Fig. 2. 

overed almost
ippines. Then
art of the Phil
3rd domain se
cludes the Ilo

evels with geo
ly. 
e step was us
cs paramete
se it is recomm
ddition, it has
WSM5 micr

in-Fritsch was
D and EPA [
the study u
n Wizard.  

based software
m WRF output 
creating GUI 
s shown in Fig

 

o have 3 dom
respectively. 

t the entire Lu
, the 2nd dom
lippines exclu
lected covered
cos region. A

ographic resolu

sed to have f
rization, W
mended for hi
 the lowest RM

rophysics [1].
s selected bec
[1]. For the o
used the de

e was used in
(netCDF) [6]
software [6]. 

g. 3. 

mains 
The 

uzon 
main 

uding 
d the 

All of 
ution 

faster 
SM6 
igher 
MSE 
 For 

cause 
other 
efault 

n the 
]-[8]. 

The 

World Academy of Science, Engineering and Technology
International Journal of Computer and Systems Engineering

 Vol:9, No:12, 2015 

1349International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
Sy

st
em

s 
E

ng
in

ee
ri

ng
 V

ol
:9

, N
o:

12
, 2

01
5 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
03

05
0/

pd
f



 

F

(W
th
ou

Fig. 2 Three sel

 

Fig. 3 WRF
 
The software

WPD) and tem
is study, only

utput. An annu

lected domains 
resp

F Extraction So

e can extract 
mperature from
y wind speed
ual mean wind

(36 km, 12 km 
pectively) 

oftware version 

wind speed, w
m a WRF ou
d was extract
d speed will be

and 4 km resol

3 main window

wind power d
utput. Howeve
ted from the 
e extracted fro

 

 

ution 

 

w 

density 
er, for 
WRF 

om the 

WR
form

C

A
win
spee
WG
hav

T
logi
the 
soft
soft
is m
The
ther
latit
3rd 

 

 
A

reso
max
win
spee
roug
the 
elev
area
to 
elev
map
Reg
we 
asse

A
Iloc
3.6.
dev
usin

RF output (net
mat. 

C. Visualizing 

An open sourc
nd resource m
ed in Excel, t

GS 1984. The
e a smooth ras

II

The simulation
ical processor
annual mean

tware was fas
tware (minute
more lightweig
e extracted wi
re is a partic
tude. Also, the
domain is in 4

Fig. 4 Extract

After analyzin
ource map w
ximum (8.94 
nd speed from 
ed from the la
ghness in wate

highest win
vation due to 
as with higher
lesser obstac

vation. To fur
p, there is alre
gion which wa
can say that th
ess wind resou

A 1-year atmo
cos Region, P
 Then, annua
eloped Pytho

ng GIS softwa

tCDF) which 

Using GIS Sof

e GIS based s
map. Using th

the data will 
en, an interpo
ster data. 

II. RESULTS A

n time was a
rs and adaptiv
n wind speed
ster (seconds) 
s) [9]. This sh
ght than using
nd speed was
cular wind sp
e distance of e
4 km resolutio

ted Annual Mea

ng the extracte
was made wi

m/s) wind sp
the sea surfac

and surface w
er compared t

nd speed on 
Mt. Sicapoo 

r elevation hav
cles compared
rther analyze 
eady an existin
as shown as a 
he WRF mode
urce available 

IV. CON

ospheric simul
hilippines wa

al mean wind 
n-GUI based 
are. Since the 

will be later s

ftware 

software was u
he extracted a

be added wit
olation method

AND DISCUSSIO

approximately 
ve time step. 
d using the P

than using a 
hows that usin
g a GIS envir
s shown in Fig
peed for eve

each point was
on. 

an Wind Speed 

ed data, an a
ith minimum
peed. As show
ce is faster com

which is due to
to land. Furthe

the land su
in Cordillera

ve higher wind
d to those a
and validate t
ng wind farm
point data in 

el simulation i
in an area.  

NCLUSION 

lation with 4 
as processed u

speed was ex
software wh
extracted out

stored in an E

used in develo
annual mean w
th a projectio
d will be use

ON 

2 weeks usin
The extractio

Python-GUI b
GIS environm

ng a python s
ronment softw
g. 4. It shows
ery longitude 
s 4 km becaus

of Ilocos 2014

annual mean w
m (1.84 m/s) 

wn in Fig. 5
mpared to the w
o the more sur
ermore, the are
urface has hi
a. This shows 
d speed values
areas with lo
the wind reso

m in Bangui, Il
Fig. 5. There

is a reliable wa

km resolutio
using WRF M
xtracted using

hich is faster 
tput was in E

Excel 

oping 
wind 

on of 
ed to 

ng 8 
on of 
based 
ment 
script 
ware. 
s that 

and 
e the 

 

wind 
and 

, the 
wind 
rface 
ea of 
igher 

that 
s due 
ower 
ource 
locos 
efore, 
ay to 

n on 
Model 
g the 
than 
xcel, 

World Academy of Science, Engineering and Technology
International Journal of Computer and Systems Engineering

 Vol:9, No:12, 2015 

1350International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
Sy

st
em

s 
E

ng
in

ee
ri

ng
 V

ol
:9

, N
o:

12
, 2

01
5 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
03

05
0/

pd
f



 

m
m
da
be

in
Fu
ob
ad
su
fu

Ba
M
re
De
ou
us
5: 
Li
De
gr

manipulating da
map was produ
ata. It can be c
e produced usi

 

Fig. 

For better wi
crease the ver
urthermore, v
bserved wind 
ddition, the a
uitability map
uture wind farm

The study w
agtasa of I

Meteorology, U
search is also
epartment of 
utput of the 
sing LiDAR P
 Philippine R
iDAR Survey
epartment of 
rants-in-aid pr

ata is easier an
uced by interp
concluded that
ing WRF mod

5 Annual Wind

V. RECOM

ind speed accu
rtical levels o

validation of s
speed is need
author recom
 to identify 

ms. 

ACKNOW

was under fu
Institute of 
University of

o part of the P
Science and 
Nationwide 

Program (Phil-
Renewable E
ys (REMap). 

Science and 
ogram (GIA) 

nd flexible. La
polating the po
t a reliable win
del, Python, an

d Resource Map

MMENDATION 

uracy, the aut
f the domain 
simulated win

ded for improv
mmends to ne

the best loca

WLEDGMENT 

ull consultatio
Environmen

f the Philipp
Phil-LiDAR 2
Technology. 
Detailed Res
-LiDAR 2), in

Energy Resou
The Program
Technology (
and implemen

astly, wind re
oint data to a 
nd resource m
nd GIS softwar

p in Ilocos 

thor recomme
in the WRF m
nd speed outp
ving its accura
ext produce 
ation in deve

on with Dr. 
ntal Science
pines-Diliman.
 Program und
This research

sources Asses
n particular, P

urce Mapping
m is funded b
(DOST) throu
nted by the Tr

 

source 
raster 

map can 
re. 

 

ends to 
model. 
tput to 
acy. In 
a site 
loping 

Gerry 
e and 
. This 
der the 
h is an 
ssment 
Project 
 from 
by the 
ugh its 
raining 

Cen
Uni
DO

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

ntre for Appl
iversity of the 
ST for the fina

D. B. Mde, T. D
M. K. V. Deq A
parameterization
of regional SIP a
W. Wang, C. B
Mandel, "ARW
Miscroscale Me
Research," 
http://www.mmm
uideV3. (Access
J. W. B. Lin, 
computing," Bu
no. 12, pp. 1823
M. Rainer, "Mu
and Visualizatio
N. C. f. E. P. W
FNL Operationa
July 1999," R
Atmospheric R
Laboratory, 
http://dx.doi.org
J. W. Shipman, 
New Mexico Te
"netCDF4 mo
netcdf4-python/
J. McNamara, 
(Online). Availa
2015). 
G. Zhao, B. A. B
optimization of 
assembly," Com
2012. 

lied Geodesy
Philippines – 
ancial support

REFER

D. M. Dep, M. K
And D. B. I. Dn
ns for meteorolog
air quality modeli

Bruyere, M. Duda
W version 3 mode

eteorology Divis
January 

m.ucar.edu/wrf/u
sed 17 October 20

"Why python 
ulletin of the Ame
3-1824, 2012. 
ultidimensional M
on Using Python a

W. S. D. o. C. C. f
al Model Global T

Research Data A
Research, Comp
2000, update

g/10.5065/D6M04
"Tkinter referenc

ech Computer Cen
dule," (Online)
 (Accessed 17 Oc
"Creating Excel

able: http://xlsxw

Bryan, D. King, X
spatial analysis fo

mputers and electr

y and Photog
Diliman. We 

t given. 

RENCES  
K. N. Dec, W. H. 
nr, "Sensitivity te
gical modeling an
ing in the OTR," 
a, J. Dudhia, D. 
ling system user’
ion. National Ce
2015. (On

users/docs/user_gu
015). 
is the next wa

erican Meteorolo

Marine Environm
and GIS". 
f. E. P. W. S. D. 
Tropospheric Ana
Archive at the 
putational and 
ed daily. (O
43C6. (Accessed 
ce: a GUI for Pyth
nter, 2005. 
. Available: h

ctober 2015). 
l files with Pyth

writer.readthedocs

X. Song and Q. Y
for large scale env
ronics in agricultu

grammetry of
are grateful to

N. Dec, G. S. N
esting of WRF ph
nd protocol in su
2009. 
Gill, H. C. Lin a
’s guide. Mesosc
enter for Atmosp

nline). Avai
uide_V3/ARWUs

ave in earth sci
ogical Society, vo

ental Data Conve

o. Commerce, "N
alyses, continuing

National Cente
Information Sy

Online). Avai
17 10 2015). 
hon," Technical r

http://unidata.gith

hon and XlsxW
.org/ (Accessed 1

Yu, "Parallelizatio
vironmental mode
ure, vol. 89, pp. 9

f the 
o the 

. Dec, 
hysics 
upport 

and J. 
cale & 
pheric 
ilable: 
sersG

iences 
ol. 93, 

ersion 

NCEP 
g from 
er for 
ystems 
ilable: 

report, 

hub.io/ 

Writer," 
1 July 

on and 
el data 
94-99, 

World Academy of Science, Engineering and Technology
International Journal of Computer and Systems Engineering

 Vol:9, No:12, 2015 

1351International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
Sy

st
em

s 
E

ng
in

ee
ri

ng
 V

ol
:9

, N
o:

12
, 2

01
5 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
03

05
0/

pd
f


