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A Metropolitan Wind Resource Assessment for Bangkok, Thailand

Part 1: Wind Resource Mapping
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Abstract: Increased awareness of wind energy in Thailand has resulted in growing numbers of wind turbine installations in and
around Bangkok province, the capital. However, little is known about the wind resource and its variation across the province. To
address this, a two-part assessment was conducted, the first of which is described here: the development of a set of 1-km resolution
wind resource maps at multiple heights (up to 300 m above ground level) using atmospheric modeling that was enhanced with
satellite-derived land-related data to better resolve winds over urban spatial zones. Simulated wind resource maps show the annual
wind resource within 100 m of the ground is poorest over the city center (<125 W m™ at 100 m) and strongest in the southwest
coastal area (up to 200 W m®). Wind resource becomes stronger with height, and at heights of 200-300 m and above it varies little
across the province (200-300 W m). The results found here provide input for the second paper, in which the overall technical wind
resource potential is estimated for Bangkok in terms of electricity generation using geographical information system (GIS) analysis.
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1. Introduction

The Thai Government is promoting wind among other
forms of alternative energy to meet ever-increasing energy

consumption that is predominantly supplied by fossil fuels [1-2].

Past and ongoing wind resource studies in Thailand range from
meso-scale wind mapping over the entire country to micro-
siting over limited areas. These studies found that enhanced
wind resource exists in the western mountain ranges, southern
coastlines, and the eastern edge of the Korat Plateau in the
northeast [3-7]. One recent study supports local resident and
wind energy community suspicion that moderate wind resource
exists in the central region along the coast adjacent to the Gulf
of Thailand [6]. This area includes Bangkok, Thailand’s capital

and the most populated and developed province (Figure 1), where
three prevailing wind directions occur annually: the northeast
monsoon (from mid-October to mid-February), the southerly
summer kite winds (from mid-February to mid-May), and the
southwest monsoon (from mid-May to mid-October).

To the best of the authors’ knowledge, no previous wind
resource assessments focus on a substantially urbanized area in
Thailand. Recently emerging standalone and rooftop wind turbines
in and around Bangkok tend to be unsystematically planned and
installed across the province due to a lack of accurate and reliable
wind information. The purpose of the study is to increase the
existing but limited knowledge of and reduce the uncertainty in
Bangkok’s wind resource through 1-km-resolution wind resource
mapping at multiple heights up to 300 m above ground level
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Figure 1. Modeling domains and urban spatial zones in Bangkok and its vicinity.
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(AGL) as the height of the tallest building. In general, a spatial
resolution of 1-3 km can be considered adequate in characterizing
winds at an urban-zone scale (as opposed to a very local or fine
scale, e.g., street or building scale), which is the intended scope
of this study. It is hoped that the resulting maps from this effort
could provide better understanding of Bangkok’s overall wind
resource and its characteristics, and be useful for wind energy
planning.

2. Experimental

Several methods to estimate wind resource exist [8]; these
include direct wind measurement, modeling, and combinations
of the two. Wind data are collected at a number of surface
meteorological stations in Bangkok, but according to our site
surveys nearly all stations have limited measurement heights
(~10 m or lower) and are also improperly situated for wind
monitoring (particularly, affected or interfered by nearby objects
or structures). Thus, to examine Bangkok’s climate and validate
model results in this study we only use data from suitably
located stations (Figure 1): the 100-m meteorological tower of
the Pollution Control Department (hereafter, PCD-Tower) that
was located in Bangkok, and the surface station of the Thai
Meteorological Department at Don Muang Airport (hereafter,
TMD-DM). The TMD monitoring station at Suvarnabhumi
Airport in Samut Prakarn province (to the east of Bangkok) is
also considered suitably sited but it started operation in January
2008, which is after our study year (here, 2007).

Here, hourly gridded meteorological fields over the
province and its vicinity were simulated using the Pennsylvania
State University/National Center for Atmospheric Research
mesoscale atmospheric model MMS5 (version 3.7) [9]. It was an
accessible model with which we were already familiar, and it is
widely used in air quality and meteorological research areas
[10-11]. It should be noted that although physics options

provided in the standard MM5 model applied here do not account
explicitly for urban physics (as do more recent atmospheric
models [12-13]), we attempted to enhance our MM5 modeling
using satellite-derived land-related data.

Four one-way nested modeling domains were employed
with horizontal grid resolutions of 27 km, 9 km, 3 km and 1 km
(Figure 1). As seen, the outermost domain (D1) covers most of
mainland Southeast Asia, while the innermost domain (D4) spans
108 km east-to-west and 126 km north-to-south, encompassing
the entire Bangkok province and its vicinity. Each modeling
domain has 32 vertical layers, with 16 within the lowest 1.5 km
and the top layer at 100 mb.

To improve urban surface heterogeneity in the modeling,
we reclassified the 200+ categories in the high-resolution (<50
m) land cover data developed by the Thai Land Development to
the default 24-category classification in MM5 [14], combined it
with the 1-km resolution Global Land Cover Map for the Year
2000 [15] for land outside Thailand, and then re-gridded to the four
modeling grids. Areal coverage of some land cover categories
changed significantly after modification (Figure 2): forest area
in D1 reduced from 47% of land area in default MM5 land cover
data to 31% in our improved land cover, grassland area in D1
increased from 5% to 23%, and urban land area increased
significantly in D4, from 4% to 33%. Because the terrain of
Bangkok and its vicinity is low lying and mostly uniform (<10 m
above mean sea level), the only complex feature is the built
environment, which covers 64% of land area in Bangkok. To
account for this, similar to Civerolo et al. [10] we split the single
default urban category in MMS5 into three urban spatial zones over
Bangkok and its vicinity and used them in D3 and D4 (Figure 1
and Table 1): tall-building, medium-to-high density, and low density.
Zone demarcation was manually derived through field surveys,
photographs, and satellite images. Aerodynamic surface roughness
length remained at the default MM5 values, except for the urban
spatial zones which were assigned the values presented in Table 1.

Table 1. Three urban spatial zones in Bangkok and their surface roughness lengths.

Zone Description Example? Surface roughness length (m)
Tall- Clusters of tall buildings, with long i R 3.0°
building shadows clearly visible on satellite

imagery [16].
Medium- Closely-spaced buildings of mixed roof 1.5°
to-high area and height (1 to ~8 floors).
density Commercial, medium-density facilities,

and multi-household residential,

minimal building shadows on satellite

imagery.
Low Detached single-household residential 0.5°
density of 1-2 floors, industrial and large

commercial with large roof areas, and
low-density facilities.

2 Taken during 2010-2011
® Based on Takahashi et al., and Al-Jiboori and Hu [17-18]
¢ Based on Oke, and Grimmond and Oke [19-20]
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a) D1 (default) b) D1 (modified)
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Figure 2. Default (a, ¢) and modified (b, d) land cover over the outermost modeling domain, D1, and the innermost domain, D4.
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We modified monthly vegetation fraction f; for each
grid cell in a given month using monthly 1-km resolution
normalized difference vegetation index (NDVI) from a MODIS
satellite vegetation indices product (MOD13A3) and the
method of Gutman and Ignotov [21],

_ NDVI-NDVI,
9 NDVI, —NDVI,

where subscripts 0 and o denote bare soil and dense green
vegetation, respectively, set here to be the 5" and 95"
percentiles of NDVI of all grid cells in the month. The resulting
maps were then re-gridded to each modeling domain (examples
are shown in Figure 3). These appear to match well with
satellite imagery [16] and show substantial improvement in
spatial distribution in comparison to MM5-default vegetation
fraction (not shown).

Similarly to de Foy et al. [13], we derived seasonal
surface albedo parameters for each land cover category,
representative of the entire region covered by the modeling,
from a 16-day, 1-km resolution MODIS albedo product
(MCD43B3). We converted the 16-day diffuse “white-sky”
albedo (puhite-sky) and directional “black-sky” albedo (ppiack-sky) t0
monthly resolutions using simple weighted averaging, and then
computed actual “blue-sky” albedo (ppiye-sky) USING

Pote-siy = Fo Punite_siy T L= 5) Porack sty + 2

where fp is the monthly average diffuse fraction (of global
irradiation). The resulting monthly blue-sky albedo data was
averaged for each season over all grid cells in each individual
land cover category, and used as model input (see Table 2).
Data for initial and boundary atmospheric conditions
input to the modeling include: global reanalysis data from the
Japan Meteorological Agency Climate Data Assimilation
System—which integrates various forms of data with relatively
intensive data incorporation for East Asia and the tropics—for
3-dimentional atmospheric states (1.25° resolution ) [22]; the
Real-Time Global Sea Surface Temperature reanalysis data
(0.5° resolution) [23]; and the National Centers for Environmental
Prediction Global Final reanalysis data (1° resolution) to supply

)

adequate multi-layered sub-surface soil moisture and temperature
data [24].

Table 2. Default and modified albedo values by land cover and
season.

USGS Default Modified®
Land Description - -
Cover Summer Winter Summer Winter
1  Generic urban 0.15 0.15 0.14 0.14
2 Dryland cropland and 0.17 0.23 0.16 0.16
pasture
3 lIrrigated cropland and 0.18 0.23 0.14 0.15
pasture
4 Mixed dry/irrigated 0.18 0.23 (0.18) (0.23)

cropland and pasture
5  Cropland/grassland mosaic 0.18 0.23 0.14 0.13
6  Cropland/woodland mosaic 0.16 0.20 0.14 0.13
7
8

Grassland 0.19 0.23 0.14 0.14
Shrubland 0.22 0.25 0.14 0.13
9  Mixed shrubland/grassland 0.20 0.24 0.14 0.13
10  Savanna 0.20 0.20  (0.20) (0.20)

11  Deciduous broadleaf forest 0.16 0.17 0.15 0.13
12 Deciduous needleleaf forest ~ 0.14 0.15 (0.14) (0.15)
13 Evergreen broadleaf forest 0.12 0.12 0.14 0.13
14  Evergreen needleleaf forest 0.12 0.12 0.14 0.12

15  Mixed forest 0.13 0.14 0.14 0.14
16  Water bodies 0.08 0.08  (0.08) (0.08)
17 Herbaceous wetland 0.14 0.14 0.12 0.12

18  Wooded wetland 0.14 0.14 0.11 0.11

19 Barren or sparse vegetation 0.25 0.25 0.13 0.13
20  Herbaceous tundra 0.15 0.15 (0.15) (0.15)
21 Wooden tundra 0.15 0.15 (0.15) (0.15)
22 Mixed tundra 0.15 0.15 (0.15) (0.15)
23 Bare ground or tundra 0.25 0.25 0.12 0.10
24 Snow or ice 0.55 0.70 (0.55) (0.70)
25 Nodata NA® NA NA NA

26  Urban: tall-building NA NA 0.14 0.14
27  Urban: medium-to-high NA NA 0.14 0.14

density
28  Urban: low density NA NA 0.14 0.14

 Values in parentheses are unmodified from default MM5 values
® NA: Not applicable

b) July

Figure 3. Modified vegetation fraction as seen in the_inﬁeanost modeling domain, D4: a) dry season (January) and b) wet season

(July). The degree of shading corresponds to that of vegetation fraction.
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To select physics options, we followed Manomaiphiboon et
al. [6] in performing several short-term sensitivity tests and
comparing simulated wind speed and near-surface air temperature
to observation data collected at PCD-Tower. From this, we
selected a combination of the Grell cumulus parameterization
scheme, Pleim-Chang planetary boundary layer scheme, and
Pleim-Xiu land surface model for use in conjunction with
simple ice explicit moisture, rapid radiative transfer model
atmospheric radiation, and shallow convective options.

The full year of 2007 was selected for simulation here
due primarily to our computational resource and observation
data constraints. For this year, hourly wind data from PCD-Tower
are nearly complete (with only <4% missing). Also, annual and
seasonal mean wind speeds over Bangkok in 2007 (derived
from PCD-Tower and routine upper air soundings sampled four
times daily at 850 mb at the Thai Meteorological Department
headquarters in southern central Bangkok) show no extreme
deviations from their overall trends during 2000-2009. Furthermore,
regional climatic conditions in this year were found to not be
strongly affected by large scale perturbations (here, in terms of
an El Nifio Southern Oscillation index; details are not shown).
Therefore, it is possible to use 2007 as a representative year for
the study. Here, the model was run over the entire year of 2007
in individual eight-day episodes (i.e., reinitialized every eight
days), discarding the first day of each as spin-up time. The
reason we choose this running method was to avoid the large
modeling drifts or errors as we experienced with longer episodes.

The wind speed and near-surface temperature prediction
capability of the model was evaluated by comparing hourly
values over the entire year from the simulation (S,) and those
from observed values at PCD-Tower (Oy) using the monthly
and annual mean bias (MB) metric:

1 N
MB =2.(5,=0y): 3)

h=1

a)20m

¢) 100 m

where N is the number of data pairs. The model gave small-to-
fair overestimates for wind speed, but overall performance may
be considered acceptable for the purposes of wind resource
mapping: At PCD-Tower (100 m AGL), monthly MB ranged
from <0.1 to 2.8 m s (with observed means of 2.9 to 5.1 ms™)
and annual MB was 1.4 ms™ (observed mean of 3.3ms?). At
TMD-DM (~10 m AGL), monthly MB ranged from 1.1 to
4.3 ms? (with observed means of 1.3 to 3.1 ms™) and annual
MB was 2.1 m s (observed mean of 2.3 ms™). In our opinion,
the larger discrepancies seen at TMD-DM are possibly due to
larger influence on winds by the surroundings of the near-
surface wind monitoring station, and our confidence in its use is
much less than in the PCD-Tower case. Seasonal directional
wind patterns were well captured, being compatible with
regional prevailing winds (see Section 3). Model performance
was acceptable for near-surface temperature: At PCD-Tower,
monthly MB was in the acceptable range of —2.0 to 0.5°C
(observed means of 26.0 to 30.5°C) and annual MB was —1.0°C
(observed mean of 28.3°C). At TMD-DM, monthly MB was in
the range of —3.8 to 0.6°C (observed means of 27.3 to 30.9°C)
and annual MB was —0.7°C (observed mean of 29.0°C).

Wind power density was calculated using hourly simulated
wind speed, temperature, pressure, and relative humidity. Values
for these variables were interpolated to desired heights from
MM5 vertical levels using a cubic spline method. It is noted that
relative humidity was used to account for air density dependency
on moisture. Annual and three-monthly (DJF, MAM, JJA, and
SON as sequential calendar months) mean wind power densities
at a grid cell and height were derived from hourly data.

3. Results and Discussion

A number of 1-km resolution wind resource maps over
Bangkok were generated for heights of 20 to 300 m AGL
(Figures 4 and 5). Since the study is in context of energy, it is
more appropriate to discuss wind power density rather than

b) 80 m

d) 300 m

‘Wind Power Density (W m)

Figure 4. Maps of annual wind power density at 20 m, 80 m, 100 m, and 300 m above ground level.
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Figure 5. Maps of three-monthly wind power density at 20 m and 100 m above ground level.

wind speed. As seen in the figures, wind power density varies
spatially (both horizontally and vertically) and temporally (here,
three-monthly). Overall wind resource is relatively poor at 20 m
(<50-125 W m, Figure 4a) and improves at greater heights
(100-200 W m at 100 m and 200-300 W m™ at 200-300 m,
Figures 4c-d). For most parts of Bangkok, the vertical gradient
of wind resource is relatively large for heights within about 100

m. Above 200 m it becomes small, implying no significantly
increased benefit in terms of wind energy utilization beyond
such heights. Also, at these heights, wind resource is somewhat
uniform across the province (i.e., 200-250 W m2 at 200 m).
Wind resource in the city center, especially within 100 m, is
lower than surrounding areas (i.e., as low as 50 W m? at 20 m
and 125 W m at 100 m), and this contrast is more evident in
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the middle of the wet season (Figure 5e) when winds due to the
southwest monsoon are strong in magnitude. This is due
mainly to higher surface roughness in the city center than in the
outskirts. The larger wind resource year round in southwest
Bangkok (i.e., up to 125 W m™ at 20 m and 200 W m? at 100 m,
see Figure 4) is likely attributed to its proximity to the Gulf of
Thailand, as winds lose power with distance inland due to surface
friction. During June-August, wind strength peaks, especially
near the coast (i.e., 175-200 W m™ at 20 m and 275-300 W m™
at 100 m, Figures 5e-f). In September-November, wind resource
within 100 m is relatively homogeneous across the province and
is the lowest among all periods (i.e., <75 W m™ at 20 m and 75-
125 W m at 100 m, Figures 5g-h), which is reasonable since
these months fall in the late wet season and the southwest-to-
northeast monsoon transition. In December-February (Figures 5a-
b), when the northeast monsoon prevails, wind resource within
100 m is higher over the upwind east side of the city and near
the coast (at 20 m, 75-100 W m™), but is lower downwind
(southwest) of the city (50-75 W m™). In the hot season (around
March-May), the southerly summer kite winds that typically
flow through the study area during this period approximately
delineate the urbanized and non-urbanized portions of the city
(seen at both 20 m and 100 m in Figures 5c-d).

We compared these results with those of previous works:
World Bank (WB) and Department of Energy Development and
Promotion (DEDP) studies from 2001 [4-5], and the Joint
Graduate School of Energy and Environment (JGSEE) and
Department of Alternative Energy Development and Efficiency
(DEDE) studies from 2010 [6-7]. Stronger wind resource near
the coast (in terms of overall average wind power density)
given in this study is also seen in WB and JGSEE but is not
apparent in DEDP and DEDE. Reduced wind power density
over the city center is most visible in DEDP and JGSEE but it
has a lesser spatial extent than in this study, possibly due to the
enhanced representation of urban/built-up areas in the modeling
in this study. For most parts of Bangkok, wind resource found
here is about one-half of what is given in DEDP and JGSEE,
but there is better agreement with JGSEE over the city center
and its surroundings. This is not surprising because JGSEE also
used Land Development Department land cover which has
urban land cover over Bangkok larger than the default, but it
did not incorporate our additional higher surface roughness
zones which suppress wind speed. Increased wind resource in
the wet season seen here is also apparent in JGSEE and DEDE.

4. Conclusions and Recommendations

A set of 1-km wind resource maps at multiple heights
(up to 300 m AGL) was developed for Bangkok using
atmospheric modeling that was enhanced with satellite-derived
and other land-related information, in support of future wind
energy utilization in Bangkok. On average, wind resource
within 100 m is highest in southwest Bangkok near the coast
(e.g., up to 125 W m? at 20 m and 200 W m at 100 m) and
poorest over and around the city center (e.g., <50 W m? at 20
m and 125 W m™ at 100 m). Wind resource increases with
height rapidly near the ground and varies little above 200 m,
where wind resource becomes fairly uniform over most of the
province (e.g., 200-250 W m at 200 m), even over the city
center, implying that rooftop and building integrated turbines
could be attractive at those heights. Wind resource varies
seasonally, being highest during June to August and lowest
during September to November. The seasonally averaged wind
directions appear to agree with regional prevailing winds (e.g.,
dry northeast monsoon, wet southwest monsoon, and kite winds).

The wind resource modeling employed here was
intended to characterize winds at a city scale in support of the

overall wind resource potential estimation, and the 1-km
resolution used here is suitable given the uniform topography in
and around Bangkok. To overcome the technical limitations in
this study, we recommend the following for future modeling
efforts: use of urban canopy treatment for mesoscale modeling,
coupling of mesoscale modeling with turbulence modeling or
computational fluid dynamics at a local or micro-scale for finer
(<1 km) resolutions, and longer-term simulation to better
understand inter-annual wind resource variability.
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