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Figure 6. Modelled area and land cover for baseline (top) and NbS scenario (middle). Transit locations (bottom) are

indicated by red markers and locations codes (i.e. On/nm/m/sm/s for north/north median/median/south
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Figure 7. Observed seasonal cycle for Battambang, Cambodia fror2@29;lincluding average minimum surface air

temperature, average mean surface air temperature, average maximum surface air temperature, and precip#ation.
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Executive Summary

This study assessed the cooling performance of proposed natred SR a2f dziA2ya obo{0 | f2y3

Moha Tep Park (PMT Park), a key easist urban corridor characterised lay existingcentral green corridor
surrounded byextensive impervious surfacegth high heat exposure. The analysis supports the development of an
evidencebased investment case for climatesilient urban design and public realm improvements within PMT Park.

The assessment compared existing conditions with the preferred PMT Park NbS concept design (Option 2), which
incorporates additional tree planting, rain gardens, and public realm improvements within the central median.
Modelling focused on thermal comfoaind air temperature outcomes during representative hot conditions in
BattambangA dualmodel framework was applied:

1 SOLWEIG was used to assess pedesddate thermal comfort and heat stress, including Universal Thermal
Climate Index (UTCI) and mean radiant temperature.

1 UT&C was used to assess broader stsgstle air temperature responses associated with vegetation and
evapotranspiration processes.

Results indicate that baseline conditions along PMT Park are characterised by prolonged and intense daytime heat
AGNBaazr gAGK !¢/ L NBFOKAY3I Ga@SNER adaNRy3a KSIFG adaNBaasg
around 17:00. UTCI exceefl3°C between approximately 12:00 and 17:00, indicating severe daytime heat exposure
across much of the corridor. Existing vegetation provides measurable but highly localised cooling benefits, while
extensive paved surfaces and fragmented canopy cover ibanér to poor daytime thermal comfort.

Overall, the NbS scenario demonstrates that increased canopy cover improves localised thermal comfort primarily
through shading and reductions in radiant heat exposure. By reducing incoming solar radiation and heat storage in
paved surfaces, increased végion lowers mean radiant temperature, the dominant driver of outdoor thermal
stress. However, these benefits remain highly localised and generally extend only a short distance beyond shaded
areas, meaning cooling outcomes depend strongly on canopy extentinuity, and placement relative to pedestrian
spaces.

The modelling indicates that the proposed interventions do not substantially reduce overall cescaerair
temperatures. Maximum air temperature reductions are modest (approximately 0.17°C), reflecting the continued
dominance of impervious surfaces atie relatively localised scale of the interventions. The primary cooling benefit is
therefore realised through improvements in thermal comfort, rather than reductions in ambient air temperature.

Overall, the study demonstrates that the proposed NbS concept, particularly the increase in tree canopy, can provide
meaningful improvements in pedestrian thermal comfort and public space usability within PMTTirark.

effectiveness of these cooling benefits will depend on vegetation health, canopy density, irrigation, and ongoing
maintenance

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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1 Introduction

1.1 Background and context

Battambang is a rapidly urbanising city and a key economic and cultural centre investiCambodia. Growth,
combined with climate change, is increasing pressure on urban infrastructure and environmental conditions,
particularly in relation to urban heaflooding, and liveability (WSCA & ICEM, 2024). Within this context, streets play a
critical role in supporting economic activity, tourism, and daily movement across the city. However, many streets in
Battambang face consistent challenges, including:

limited tree canopy and extensive impervious surfaces contributing to elevated heat

inadequate drainage resulting in frequent flooding during the wet season

increasing heat stress affecting safety, accessibility, and public use

disproportionate impacts on vulnerable groups, including children, elderly people, and informal workers
(WSCA & ICEM, 2024)

= -4 —a -

F 4Gl Yol Mah@Rep RatkBPMT Park) exemplifies these broader urban challenges. It is a kepsast
corridor located approximately 300 m north of Battambang Central Market, connecting major destinations including
the provincial hospital and National RouteFsgurel). The parkincludes a central median that functions as a linear
park, with existing grassed areas and trees. Historically, this corridor followed a canal connected to the Ramgkae
and underlying drainage infrastructure remains a defining feature of the site.

Despite these characteristics,
the corridor currently ) . - A
underperforms as a public s o S waibly * ) « it = B
space. Observed conditions ' e
include: (a) limited shade :
along pedestrian paths and
seating areas, reducing
thermal comfort, (b)
underutilisation of the central
median due to heaexposure,
particularly during daytime
and (c) localised flooding
associated with existing
drainage infrastructure and
low points along the corridor
(WSCA, 2025).

s
Py

These conditions make PMT
Park a suitable location to
assess howmature-based
solutions (NbS) can address
urban heat improve public
space function, and contribute i

. . qp Battambang Central
to broader climateresilient 0 T . , Market
urban development in L= o T
Battambang. ' ‘ s T e
Figurel.. GG Yol y3aQa tac¢ tFN] FyR ad2NNRdzyRa&

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas



3 | Heat Mapping Analysis of Nature-based Solutions for Urban Cooling: PMT Park (Battambang, Cambodia)

1.2 Study purpose, objectives and scope

The purpose of this study is to quantify the cooling benefits of NbS along PMT Park and support the development of an
evidencebased investment case. Key objectives include:

quantifying spatial heat patterns and identifying hotspots

modelling the cooling potential of NbS interventions

supporting stakeholder engagement and decisiaking

providing policNB f S@IF yi SGARSYyOS F2NJ . FidrYolyaQa {YFNI /A

= =4 -—a -

The study focuses on the PMT Park corridor between Street 526 and Street 156, including a surrounding buffer (50m
from the centreline) to ensure nearby buildings, trees, and street geometry that influence shading, wind flow, and local
microclimate conditios are accurately represented. Key elements of scope include:

1 assessment of baseline and NbS scenarios

1 analysis of a representative hot day derived from ERAfate data

1 evaluation of thermal comfort (Universal Thermal Climate Index, UTCI), mean radiant temperature (Tmrt), and
air temperature

9 focus on locakcale impacts relevant to street design and public space use

2 PMT Park NbS concept

2.1 Corridor description and current conditions

PMT Park is a dual carriageway with a central median that functions as a linear park. The corridor supports a mix of
transport, recreation, and community uses, including:

I pedestrian movement and informal recreation
1 proximity to schools, hospital, and cultural facilities
1 evening and weekend activity linked to nearby attractions (WSCA, 2025)

Key existing conditions include:

1 centralised tree planting with limited shade along pathways

1ERAS is a global climate reanalysis dataset produced by the European Centre for MediRange Weather Forecasts (ECMWF), combining
observations and atmospheric modelling to provide consistent historical weather data (e.g. temperature, humidity, radiatioa} hourly
time steps (Hersbach et al., 2020).

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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1 poor accessibility and limited inclusive design features
i drainage infrastructure beneath the corridor
i areas of localised flooding (WSCA, 2025)

These existing conditions have led to PMT Park being identified as a priority site for the implementation of NbS. The
corridor presents a strong opportunity to address urban heat, improve stormwater management, and enhance public
space outcomes through antegrated, multifunctional design approach.

2.2 Overview of proposed NDbS interventions

The NbS concept for PMT Park has been developed through an iterativeobjalttive cedesign process involving
government representatives, technical partners, and local stakeholders. This process resulted in three design options
with increasing levelsfantervention, functionality, and amenity.

Option 2 was identified as the preferred option by Battambang officials. This preferred design responds to a range of
stakeholder priorities, including stormwater management, public space activation, accessibility, safety, and urban
amenity, and was not geifically optimised for urban heatitigation (WSCA, 2025; 1+1>2, 2026). Urban cooling is one

of several cebenefits of the proposed interventions, rather than the primary design driver.

Under the preferred concept, the design integrates NbS with public realm improvements to create a multifunctional
urban corridor, combining water management, landscape enhancement, and social infrastructure. It includes new NbS
interventions (four rain gatens in the central median and rows of passively irrigated trees adjacent to the roadway),
improved connectivity and enhanced amenity and accessibility across the site (including conversion of a roundabout
into a public plaza, expanded seating, gatheringpa, playgrounds, additional parking, and pedestrian access ramps).
Extracts from the latest Option 2 landscape design, which form the basis of this analysis, are preseigtae4n(p5).

Refer to the full design documentation for further detail (1+1>2, 2026).

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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;

(fop), section (miadle) and renr (bottom) (

a

s'igh Option 2 depicted in plan

Figured. NbS de 1+1>2, 2026).
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3 Methodology

3.1 Models

The study applies a duaiodel framework to assess the cooling performance of NbS at two complementary scales,
capturing both humarscale thermal experience (mean radiant temperature and Universal Thermal Climate Index) and
broader physical climate respoes (air temperature and hydrology). SpecificaBQLWEIG used to represent fine

scale thermal comfort processes (e.g. shading and radiative exchange),UNl&l@captures broader urban canopy
processes, including vegetatigrater interactions and their influence on air temperature. Together, these models
provide a complementary assessment of how NbS influences thermal conditions along PMT Park, from highty localis
pedestrianlevel heat stress to wider streastcaled weather influences.

Solar and LongWave Environmental Irradiance Geonf8@yWEIG

SOLWEIG is a microclimate model that simulates spatial variations in radiation and shading within complex urban
environments. It calculatesiean radiant temperature (Tmrt)a key driver of human thermal comfort, by accounting

for solar exposure, urban geometry, and vegetation. This enablesréggitution mapping of thermal comfort indices

such asUniversal Thermal Climate Index (UTGdapturing finescale differences in shade and heat exposure along
streets and public spaceBi¢urebs).

UTCI
Equivalent Temperature (°C)
Meteorological -\ e CUE| extreme heat stress |30
m e -

InPUt 8 u_: | Very strong heat stress |3

- :’_ strong heat stress
. © 30 - e ' 30

@ air temperature 2 HSHeraimalslieen

(Te) o 20 3 L 20

o e|  no thermal stress

7] E
=y 10 - 10
diation o L

i e 2 e slight cold stress
(Terd) 0 )
10 3 moderate cold stress 10

O humidity e —
(I'H, pa) -20 - strong cold stress -20
ki N -30 -30
wind Koa f| very strong cold stress
I (Va) Clothing model -40 -40
temperature-dependent insulation extreme cold stress

reduced by wind and walking -50 - -50

Figure5.¢ KS ! yAGSNAEIf C¢KSNXYIFft /fAYLFGS LYRSE o6! ¢/ L0 NBLNB&HJWEE K3
temperature that combines air temperature, radiation, humidity and wind, and accounts for how the human body responds to thes
conditions(including typical clothing), with categories ranging from cold to extreme heat stress (adapted from Brdde et al., 2011).

Urban TethysChloriSUT&Q

UT&C is an urban ecohydrological model that simulates the coupled energy and water balance of urban environments.
It represents interactions between built form, vegetation, and hydrology, including processes such as
evapotranspiration, soil moisture dynagsi, and surface heat exchange. The model prodaicgsmperature, humidity,

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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and surface temperature outputs at the urban canopy streedle, enabling assessment of broader cooling effects
associated with vegetation and watsensitive interventions.

3.2 Scenarios
The SOLWEIG and UT&C models are used to assess a:

1 Baselinescenariorepresenting existing conditions along PMT Park.
1 NbS scenarioepresenting the preferred PMT Park design (i.e. Option 2 presented above).

The modelled area and land cover for both scenarios is presentedjime6 (p8) with a discussion of the key inputs
and assumptions underpinning each scenario are described below.

3.3 Inputs and assumptions

The SOLWEIG and UT&C models are used to adBasslaescenariorepresenting existing conditions along PMT Park
and anNbSscenariorepresentingthe preferred PMT Park design (i.e. Option 2 presented above). The modelled area
and land cover for both scenarios is presentedrigure6 (p8) with a discussion of the key inputs and assumptions
underpinning each scenario are described below.

Meteorological inputs

The KopperGeiger climate classification for Battambang is Awy (winter tropical savanng, reflecting a tropical
seasonal climate with distinct dry and wet periods. Battambang experiences a generally hot dry season (typically
November to April) followed by a wetter monsoon season (approximately May to Octdbguré7, p9). The hottest
conditions typically occur during the late dry season (March to April), prior to the onset of the monsoon, while the wet
season brings similar air temperature ranges but higher humgdity.

For the SOLWEIGhermal comfort analysis, aingle representative hot day (21 February 2020as selected, with
meteorological inputs derived from ERAS reanalysis data due to the absence of loegbesitic observations. This day
reflects commonly experienced hot conditions in Battambang during the dry season, rather than peak or extreme heat
conditions. This selection aligns with the purpose of the analysis, which is to assess NbS performance under conditions
that are regularly experienced by street users, where cooling benefits are most likely to be consistently realised. Given
the scale andhature of the proposed interventions, these measures are not expected to substantially reduce extreme
heat conditions; therefore, focusing on typical higkat days provides a more appropriate basis for evaluating their
practical effectiveness.

Conditions on the selected day are representative of typical February conditions, which are characterised by low rainfall
(less than 20 mm for the month), air temperatures ranging from the low 20s te38fi€, average humidity levels of

around 50%. Air tereratures on 21 February 2020 range from approximately 22°C in the morning to 34°C in the late
afternoon, while humidity fluctuates from around 75% to 35% across theFdgyres, p9). Cloudless conditions prevail,
providing a clear basis for assessing the effects of shading on reducing thermal stress between shaded and fully exposed
locations.

In contrast, theUT&Cmaodelling uses a longedwo-week period (1529 February 2020Q)also derived from ERA5
reanalysis data, to examine the impacts of vegetation and irrigation on stdé air temperature and humidity. This
reflects the nature of the model, which produces spatially averaged outputs across the entire street rathéinta
scale, timespecific thermal conditions. The longer simulation period provides sufficient data to analyse and identify
trends and patterns associated with the interventions, smoothing stesrh variability and enabling clearer
interpretation of Nb&driven changes in air temperature and humidity.

2 Across the year, aerage mean air temperature varies by <4°C and average maximum surface air temperature by <3°C

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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Figure7. Observed seasonal cycle for Battambang, Cambodia from2@8Q, including average minimum surface air temperature,
average mean surface air temperature, average maximum surface air temperature, and precigitation.
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Figure8. Weather on representative hot day in Battambang selected for modelling (21 February 2020).

3World Bank Group, 2021. Climate Change Knowledge Portal: Cambogidistorical Climate Data. Washington, DC: World Bank. Available at:
https://climateknowledgeportal.worldbank.org/country/Cambodia/climate -data-historical (Accessed: 05/05/2026).
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Note on solar exposure and interpretation of resultBMT Park is oriented eastest in a lowlatitude tropical setting
6dmocb0X GgKSNBE (GKS adzyQa LRaAltAzy &aKAFda aSlrazylffe
representative modelling date (21 February), the sun remains in the southetnopshe sky throughout the day,
resulting in solar radiation primarily originating from the south and shadows cast toward the north at midday. However,
because solar angles are high, shadows are relatively short at midday and do not extend far agisstth&s a result,
differences in heat exposure between the north and south sides of the corridor are less pronounced than in higher
latitude cities, with thermal conditions more strongly influenced by localised shading than by a consistent directional
exposure pattern.

Timestep

SOLWEIG model simulations were undertaken dtaurly timestepover a full 24hour period, while UT&C uselgourly
timesteps over a two week periodSOLWEIG results are presented as spatial maps and longitudinal profiles along the

PMT Park corridor, illustrating temporal and spatial variations in heat exposure across both baseline and NbS scenarios.

Transit locations are indicated by red markers armtations codes (i.e. On/nm/m/sm/s for north/north
median/median/south median/south) ifFigure6 (p8). UT&C results are shown as a time series air temperature

difference between the baseline and NbS scenarios across the two week period and as differences between hourly

averages across the time period.

Urban form

The urban form for the baseline scenarios wgenerated through a combination of Google's Open Building database
and Meta's canopy cover database, providing starting points for footprints and heights then corrected and refined to
an approximately 2m resolution using visual inspection of satellite street view imagery and converted to GIS

shapefiles. In the NbS scenario, the street geometry and building heights and form were unchanged. As a result, these

locations in the modelled areas will show no differences between the scenarios.
SOLWEIG will utilise the full thredmensional form to determine the movement and distribution of radiation and heat

across the modelled period. UT&C utilises a theoretical urban canyon ofeassbrientation and average canyon
height of 6m, width of 26, roof width of 5m, and tree radius of 0.3m.

Landcover

Land cover for the SOLWEIG baseline modelling was determined by classifying satellite imagery of the site and assigning
groundlevel areas into classifications of paving, buildings, trees, grass, bare soil and water. These classifications were

then updatedto reflect land cover changes in the NbS scenario.

Aboveground vegetation (trees and shrubs) is represented differently in the two models. In SOLWEIG, vegetation is

explicitly defined by canopy size and height, allowing detailed simulation of shading effects. Shrubs are treated similarly

to trees but withlower heights and smaller canopies, meaning they contribute to shading but to a lesser extent. As a
result, these smaller canopies will contribute to cooler ground surfaces, but taller tree cover is required to provide
thermal comfort benefits at pedestin levels (2m heights).

In UT&C, land cover is represented using fractional percentages of buildings, paved surfaces, bare soil, grass, trees, and

water. Vegetation is represented more generally through changes in land cover fractions and average vegetation height.
Increases inegetation therefore result in a greater proportion of vegetated surface and a higher average canopy height
across the street. This effectively reduces the urban canyon vtidtreight ratio and, in turn, decreases the amount of

net radiation reaching urbasurfaces. Increases of vegetated surfaces and water features also shift urban energy
balances towards larger amounts of evapotranspiration and reduced amounts radiated heat and heat storage in the
urban surfaces.

Building fractions remain constant across the two scenarios, while the NbS scenario includes reductions in paved and

grass areas and corresponding increases in trees and water and barEadddl). Tree cover increases from 17% to

21%, while paved surfaces reduce from 49% to 45%. Water increases marginally from 0% to 1% (with raingardens

represented as water), and grass cover reduces from 10% to 8%, reflecting the conversion of some grassed areas
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paved surfaces and raingardens. Despite these changes, the corridor remains dominated by hard surfaces, with
buildings, roads and paving accounting for 72% of land cover in the baseline scenario and 68% in the NbS scenario.

Tablel. Land cover faction changes across scenarios

Building 23% 23%

Paved 49% 45%

Bare Soil 1% 2%

Grass 10% 8%

Trees 17% 21%

Water 0% 1%
Vegetation

The location of groundcover, shrubs and trees was defined based on design documentation provided by 1+1>2 (2026).
Vegetation characteristics used in the modelling, including height and canopy diameter, are provided in Appendix A.
Changes in vegetation beeen the baseline and NbS scenarios are confined to the central median. Key changes include:

1 Removal of existing trees associated with the proposed works.

1 Planting of new rows of passively irrigated trees along the road corridor.

1 Addition of four raingardens, representing vegetated areas that are intermittently inundated (refer to the
discussion below for how these areas are represented in the model).

There are many smaller localised changes to pervious areas and impressions surfaces across the site across the two
scenarios. These changes are varied and numerous, in many cases the NbS scenario results in more pervious surfaces,
but this is not always #case as in some instances pervious areas in the baseline are converted to impervious surfaces
(e.g. conversion of grass to paved benches). For example, the closure of a roundabout at the intersection of Street 518
and PMT Park will result in the replacent of road with vegetation, coupled with the replacement of grass with paving.

Refer to the discussion of results for a summary of the changes in impervious fractions across each scenario.

Raingardens

The four proposed raingardens are represented in the model as water surfaces. While raingardens function as vegetated
systems that alternate between wet and dry conditions, SOLWEIG does not explicitly represent intermittently inundated
soils or distinguisbetween irrigated and noiirrigated vegetation. As such, these areas are simplified as standing water

to approximate their potential cooling effect when inundated.

This representation is likely to overestimate evaporative cooling relative to typical conditions, as the raingardens will
not be continuously saturated. However, it enables their contribution to local thermal conditions to be captured under
periods when weer is present (e.g. following rainfall or irrigation), noting that actual performance will vary depending

on rainfall patterns, drainage characteristics, and maintenance. Furthermore, in SOLWEIG, this assumption is expected
to have only a minor influencen results, as the model does not explicitly simulate latent heat fluxes or evaporative
cooling. Any effects are therefore limited to small reductions in surface temperatures. In UT&C, raingardens are also
represented as standing water, which may sligliierestimate the amount of water present during the modelled
period. However, as water comprises only a small proportion of total land cover (approximately 1%), the overall cooling
effect is likely to be limited and may not be detectable in the results.

Irrigation

The central median park within PMT Park is understood to be serviced by an existing, fixed irrigation system that is
currently installed and operationdlWhile the full spatial extent and configuration of the irrigation network are not
known, it is understood that irrigation is applied across the majority of the park. In the absence of detailed mapping,

4 Information provided by ICEM based on discussions with Battambang municipal authorities regarding irrigation practices aloRMT Park
(Teak Seng, pers. comm., February 2026).
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irrigation is therefore assumed to cover all vegetated areas within the central mebiiggation is applied on a
scheduled basis, with frequent watering during the dry season (typically multiple times per week) and reduced
frequency during the wet season (noting substantial natural irrigation will be provided via rainfall during this) period
Accordingly, vegetation within the central median is modelled as irrigated under baseline conditions.

For modelling purposes, irrigation is represented through land cover classifications, rather than through explicit
simulation of irrigation timing, application rates, or system type (e.g. sprinkler or drip). It is assumed that irrigation is
sufficient to maintain soil moisture and vegetation health, such that these areas exhibit the thermal characteristics of
well-irrigated surfaces. Both models used in the study also assume that grass surfaces are provided with sufficient
irrigation to maintain vegetatiohealth, therefore unirrigated grass surfaces will be classified as bare soil. As the thermal
characteristics of unirrigated grass more closely match that of bare soil, this will produce more representative results.

Given this assumption of consistently irrigated conditions under the baseline, the potential for the NbS scenario to
deliver additional cooling through increased soil moisture and evapotranspiration is inherently limited. In some
locations, the introductia of new built elements or replacement of permeable, irrigated surfaces with less permeable
materials may reduce evapotranspiration and result in localised increases in thermal stress relative to the baseline.

Traffic

Sitespecific traffic data for PMT Park is not available, and tredlimted heat inputs are therefore not explicitly
represented in the baseline model. As a result, anthropogenic heat contributions from vehicles are exchided.
simplification is expected to result in a minor underestimation of absolute air and surface temperatures, particularly
during peak traffic periods (e.g. morning and afternoon peaks). Based on typical urban conditions, the magnitude of this
effect is expected to be modestor modelling purposes, traffic conditions are assumed to remain consistent between
the baseline and NbS scenarios. Accordingly, while absolute temperature values may be slightly underestimated, the
omission of traffic heat inputs does not materially affebe relative differences in thermal outcomes between
scenarios, which are the primary focus of the analysis.

3.4 Scope and limitations

The two modelling tools have distinct and complementary capabilities that should be considered when interpreting
results. In simple terms, SOLWEIG shows how hot it feels at specific locations along the street, while UT&C represents
changes in overall aiemperature across the area. SOLWEIG results primarily represent localised thermal comfort
effects driven by shading, surface materials, and urban geometry, while UT&C outputs represent broader air
temperature responses and vegetatipmater interactions athe urban canopy scale.

SOLWEIG does not simulate evapotranspiration or air temperaturefrardfore does not capture cooling effects
associated with vegetatiaqwater processes. Because it operates at a very fine spatial scale, results can also be sensitive
to input data (e.g. vegetation structure and surface characteristics) and may showsddcahriation over short
distances. In addition, SOLWEIG does not explicitly represent intermittently inundated soils or distinguish between
irrigated and norrrigated vegetation, requiring simplifying assumptions in the representation of features such a
raingardens and irrigated landscapes. As a result, SOLWEIG is most appropriate for assessing localised thermal comfort
benefits, particularly those associated with canopy shading and surface modifications, with outputs used for identifying
where people vill feel cooler or hotter along the street.

UT&C captures evapotranspiration, soil moisture dynamics, and their influence on air temperature. These processes are
represented at a coarser spatial resolution and do not resolvedaade shading effects or microclimatic variation at

the level of indiidual pedestrian areas. Accordingly, UT&C is most appropriate for assessing overall changes in air
temperature across the corridor, with outputs including hourly air temperature profiles, spatial patterns of average
streetlevel (canyon) air temperatureh@se results provide an indication of how vegetation and water influence overall

5 Battambang has a tropical monsoon climate with a wet season from May to October, with an average of 23 rainy days and 178imm
precipitation per month (Nomad Season, 2026
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thermal conditions across the corridor, but should be interpreted as indicative of general trends rather thandiae
spatial variation.

The application of these models focuses on corrsicalle thermal conditions along PMT Park, comparing existing
conditions with the preferred NbS design (Option 2), and does not capture broadevid#yheat dynamics. Given the

scale of the NbS design aitsl multi-objective focus, reductions in air temperature derived from UT&C are expected to

be modest, relative to the more pronounced improvements in thermal comfort indicators (UTCI anjdd&nwed from
SOLWEIG, which are driven by localised shading and surface effects that shape user experience at the street scale.
Accordingly, the results focus primarily on SOLWieI&ed thermal comfort indicators, which are well suited to the

spatial €ale and resolution of the street design and provide the most direct insight into how users will experience heat
along the corridor.

For this assessment, both models simulate thermal conditions for a single representative hot day at an hourly timestep.
This enables detailed assessment of diurnal thermal performance under typicahdagttonditions, including how

heat exposure and coiolg benefits vary throughout the day. However, this approach represents a simplified snapshot
of conditions and does not capture variability across different weather conditions, seasons, or-tiemgeslimate
patterns.

4 Results

4.1 Baseline scenario

Baseline modelling indicatesustained and elevated heat stress conditions along PMT Paharacterised by a
prolonged period of strong to very strong heat stress during the dd&ermal conditions escalate rapidly in the
momningg 6AGK YSRALFY !¢/ L AYyONBI &aAy3 NI-DI0R toderystbBgYieatsifeds ( K SN
by 09:00 Figure9, pl14). This rapid progression indicates an early onset of heat exposure, with limited buffering of
incoming solar radiation as the day begif®eak conditions occur between 09:00 and 17;00ith median UTIC
indicatingvery strong heat stress for nine consecutive houwWithin this period, UTCI exceeds 40°C from 12:00 and

17:00, reflecting the most extreme daytime heat exposure. Following this peak, heat stress declines through the evening
0dzi  NBYlFAya St S@IFGSRI ¢ Al K -estaflBhed udth 28300 This plotioNdsed didgrnal@ychf R A G A ;
reflects thestrong influence of solar radiatioon thermal conditions across the corridor. Median UTCI increases rapidly

after sunrise (~06:30), reaching very strong heat stress by around 09:00 as incoming solar radiation intensifies. UTCI
then declines through the late afternoon and evening as sadration decreases, althougtesidual heat stored in

urban surfaces means heat stress persisistil approximately 21:00. This pattern indicates that daytime thermal
comfort is strongly controlled by radiative exposure, while the persistence of evening heat stress reflects the
contribution of stored heat from paved and built surfaces.

Spatially, thermal conditions are clustered into distinct groupings and are strongly associated with land cover and
shading conditionsHigurel10, p14). Large sections of the corridor are road and paved areas and generally receive little
shading from adjacent trees or buildings. The easst orientation of the street ensures sustained solar exposure and

the high heat absorbance capacity of the hardfaces result in consistently high UTCI values. Areas with tree cover,
both in the central median and on the northern and southern sections of the street, show greatly reduced values of
UTCI compared to the exposed areas, however tihesefits are highly localisedOther areas adjacent to the northern

sides of buildings show some reductions in heat stress due to shading from the buildings themself but reduce in size at
mid-day under higher solar angles. Across the exposed unshaded areas, some differentiationbstaeen areas of
irrigated grass that are cooler compared to the road and paved areas. These differences are smaller in magnitude to the
reductions in the fully shaded areas and largely confined to the central median but still provide cooling behesi¢és. T
results indicate that shading and the urban materials are the primary determinant of thermal comfort at the street
scale Existing vegetation already provides measurable cooling benefits, but the discontinuous nature of shade means
that large parts of the corridor remain exposed during the hottest parts of the dayis contributes to poor daytime
thermal comfort and limits the usability of the median and adjacent public realm.
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Street 501, UTCI, 2020-02-21
Distribution of UTC| temperatures across Street 501, baseline configuation
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Figure9. Spatial distributions of UTCI at 1.5m high (pedestrian height) across PMT Park for on 21 February 2020 for 24 hours for the
baseline scenario. TheaXis represents UTCI ifi @ith the mean UTCI temperatures are annotated with red tick and median with
black tick. The-#xis represents the time of day (24hr clock).
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4.2 NbS Scenario

4.2.1Thermal comfort and heat stress

The NbS scenario shows a similar overall diurnal pattern of heat exposure to the baseline scenattiosustained

and elevated heat stress across the corridor during the day. UTCI values increase rapidly after sunrise, transitioning from
Gy2 GKSNXFE adaNBaaégd d nrYynn G2 a@SNE aUGNRBy3 KSlhd &iNB
(Figure1115). Peak conditions continue to occur between approximately 09:00 and 17:00, with UTCI exceeding 40°C
FNRBY mMuYnn G2 mtYnnd |ISHFG adiNBaa GKSy RSOf A yeStablisiied NP dz3 K
at 23:00.

Street 501, UTCI, 2020-02-21
Distribution of UTC| temperatures across Street 501, NBS configuation
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Figurell Spatial distributions of UTCI at 1.5m high (pedestrian height) across PMT Park for on 21 February 2020 for 24 hours for the
NbS scenario. Theaxis represents UTCI ifi @ith the mean UTCI temperatures are annotated with red tick and median with black
tick. The Yaxis represents the time of day (24hr clock).

This similarity in overall distribution indicates that tRBS interventions do not substantially alter the median thermal
experience across the entire street corridofhis is consistent with the continued dominance of impervious surfaces
and the scale of the intervention relative to the broader street environment. However, changes in the distribution of
thermal conditions are evident. Compared to the baseline, ther@ inodest increase in the proportion of the corridor
experiencing lower UTCI values during the daytime period (@8700), reflected in an increase in the distribution of
lower UTCI values and a reduction in mean UTCI over this p&hindicates thathe interventions extend the area

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas



16 | Heat Mapping Analysis of Nature-based Solutions for Urban Cooling: PMT Park (Battambang, Cambodia)

of relatively cooler conditions associated with the central median, rather than shifting the overall corridige
thermal profile. Substantial reductions in corrideicale air temperature would require much larger increases in canopy
cover and reductions in impervious surfaces than represented in the current scenarios.

Spatial patterns show that these improvements are concentrated in areas influenced by increased vegEigtiom (

12 andFigurel3, pl7). The southerrand northernsectiors of the streetandnorthernedge of the median (transts, n
andnm) are still exposed to high levels of incoming solar radiation in the NbS scenario due to the wigleesastreet
orientation, low building heights, and high solar angles, resulting in limited shading relief. In contrast, the enhanced
canopy coverage agss thesouthern and centramedian has moderated exposure levels(trarsih and m) and
northern edges (transiim), providing significant thermal comfort improvements

Decreases in UTCI of6°C are observed across large sections of the mid ssuthernmedian during the late morning

FYR SIFENIe FFGSNyz22ys aKATUAYy3a O2yRAGAZY A (Fyhd®l¥ pl8 ISNE &
Reductions of 84°C are also observed across approximately-thirel of the median at midday. Cooling extends west

of vegetated areas in the morning and east in the afternoon, reflecting the movement of shade across the corridor as

the sun moves acroghe sky. This creates temporally varying zones of reduced heat exposure, particularly adjacent to
vegetated areasHowever, thecooling effect remains highly localised, generally extending only a few metres from

shaded areas.

Note, some small modelling anomalies may appear in the results due to therdsghution modelling scale and
differences created during the digitisation of the urban form into modelling input. For example, in Figure 14 at 8:00, in
the 8s transit, an incigse of 5.3°C UTCI for location 4 in the NbS scenario is surprising. However, differences of 5°C UTCI
(shaded vs unshaded locations) are common within both scenarios and direct comparison of individual pixels across the
modelling results can result in agtit misalignment of locations where shade and full sun exposure has been assigned

in each scenario.

Several gaps remain where nogdouth streets cross and interrupt the continuity of the central median (e.g. locations
3, 8 and 11), creatinlpcalised breaks in canopy cover and resulting in higher levels of thermal stidesiever, the

broad distribution of vegetation across the remainder of the median provides consistent thermal comfort improvements
across most other locations.

Some increases in UTCI occur within vegetated areas of the NbS scenario during the morning period; however, these
FNBE fSada aA3AYyAFAOFYd A GSYLISNIGdzZNBa NBYlFAY Ay GKS wn
approximately half of théocations show a slight decrease in UTCI of around 1°C, while the remaining locations show
At A3KG AYyONBlFrasSa 2F | aAYATI NI YIIyAiddzRSd 'a 020K aoSyl
period, these differences are of limited sificénce.

4.2.2 Air temperature

Changes in air temperature under the NbS scenario are mod&stoss the representative hot day (21 February 2020),
maximum reductions reach 0.17°C in the early evening and approximately 0.13°C during-tifeemmiolon and at night,
with very slight increases occurring during the smdrning. Similar patterns are gbrved across the 29 February
2020 period in both hourly averages and daily time sefégufel5, pl9).

These results reflect thbmited capacity of the intervention to influence corridescale air temperature Although
vegetation and water surfaces contribute to cooling through evapotranspiration, their effect is constrained by the
relatively small proportion of the vegetated area in the street corridor and the continued dominance of impervious
surfaces. Anyokalised cooling generated within the median is also rapidly mixed across the broader street environment
through wind and atmospheric exchange, diluting the cooling effect and limiting the persistence of cenad®mair
temperature reductions.

Accordingly, while the NbS scenario introdueeeasurable but small reductions in air temperaturéhe primary

cooling benefit is realised throughmprovements in thermal comfortdriven by shading, rather than through changes
in ambient air temperature.
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Hourly air temperature differences between baseline and NBS scenarios

—— Hourly differences on 21 February 2020
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Figurelb. Differences in air temperatures (degrees C) between the baseline and NbS scenarios. Top: Hourly air temperature
differences on 21 February 2020 and from285~ebruary 2020 (hourly averages). Bottom: Detailed hourly differences aci23s 15
February 2020.
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4.3Key findings

Overall, the NbS scenario demonstrates that increased canopy cover improves localised thermal comfort primarily by
reducing radiant heat exposure. The dominant cooling mechanism is shading, which reduces incoming solar radiation,
lowers mean radiant tempeature, and limits heat storage in paved surfaces. Reductions in heat storage in hard
impervious surfaces, through their replacement with natural vegetated surfaces, can also enable reductions in surface
temperatures, especially stored heat that will berealiated, slowing down the process of cooling down during the
evenings and across the night. Because mean radiant temperature is the primary driver of outdoor thermal stress,
reductions in radiant exposure produce substantially larger improvements intbidiCin air temperature. However,

these benefits are highly localised and generally extend only a short distance from shaded areas, meaning cooling
outcomes depend strongly on the extent, continuity, and placement of canopy relative to pedestrian areas.

Large reductions in air temperature are difficult to achieve in this context because the corridor remains dominated by
hard, impervious surfaces. Buildings and paved areas account for 72% of land cover in the baseline scenario and 68% in
the NbS scenaridAlthough wellirrigated turf grass and other vegetated surfaces can reduce air temperature through
evapotranspiration, published evidence indicates that reductions of around 1°C generally require substantially larger
and more continuous vegetated areas théne approximately 2&30% pervious or vegetated cover represented in the
modelled scenarios. Any evaporative cooling generated by vegetation and water within the median is therefore likely
to be overwhelmed by heat stored and released from surroundingegaand built surfaces. In addition, wind and
atmospheric mixing mean that localised air temperature reductions within the median are rapidly dispersed across the
wider street corridor and warmed by adjacent impervious areas. Comparable evaporative itdiiegies, such as
pavement watering policies used in cities including Paris and Seoul during extreme heat days, have demonstrated air
temperature reductions of approximatelyc2°C, highlighting both the potential and the limitations of evaporative
cooling in highly urbanised settings.

Key findings are as follows:

1 Baseline conditions along PMT Park are characterised by prolonged daytime heat stress, with UTCI transitioning
G2 a@SNE &aiGNRy3a KSIG adNBaaé oeé | LIINREAYLFGStE naoYn.
40°C between approximately 12:00 ahd:00.

I The NbS scenario does not substantially alter the overall corvidide thermal profile, reflecting the continued
dominance of impervious surfaces and the relatively localised scale of the interventions.

1 Increased tree canopy within the central median produces significant localised improvements in thermal
comfort, particularly across the centre and southern portions of the median where shading is most effective
during the middle of the day.

1 UTCI reductions of approximatelg@® C occur across large sections of the mid and northern median during the
late morning and early afternoon (approximately 10;0@:00), with reductions of@°C occurring across other
portions of the median around midday.

1 Cooling benefits vary spatially and temporally, shifting from the western side of vegetated areas in the morning
to the eastern side in the afternoon as shade patterns move across the corridor.

1 The strongest cooling effects are confined to shaded areas and adjacent pedestrian spaces, with thermal
benefits generally extending only a few metres beyond canopy cover.

I Changes in air temperature are comparatively modest, with maximum reductions of approximately 0.17°C
occurring in the early evening and smaller reductions during theaft&tnoon, indicating limited corrider
scale cooling from evapotranspiration and maigtrelated processes.

The effectiveness of these cooling benefits will depend on vegetation health, canopy density, irrigation, and ongoing
maintenance. Dense, healthy canopy cover is required to maximise shading performance, with cooling effectiveness
closely linked to leaf &@a index and canopy continuity. Poor vegetation health or canopy loss would substantially reduce
thermal comfort benefits. Maintaining adequate soil moisture is also important, both to sustain vegetation health and
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to reduce surface heat storage. Wealligated grass and vegetated surfaces can provide additional cooling relief,
whereas dry grass can exhibit thermal behaviour similar to concrete, increasing surface heat loadsdiated heat.

5 Conclusions

PMT Park currently experiences prolonged daytime heat stress driven by extensive impervious surfaces, fragmented
canopy cover, and high solar exposure associated with thewast street orientation. While existing vegetation
provides measurable coolinghbefits, these are highly localised and insufficient to prevent large areas of the corridor
remaining exposed during the hottest parts of the day, limiting pedestrian comfort and public space usability.

Heatmodelling indicates that the proposed NbS interventions, particularly increased tree canopy within the central
median, can deliver meaningful improvements in pedestrian thermal comfort at the street scale. Cooling benefits are
primarily achieved throughteding, which reduces radiant heat exposure and lowers UTCI across shaded sections of

the corridor. Localised UTCI reductions of approximate’6 were observed during late morning and early
FFOGSNYy22y LISNA2RazI aKAFTOIAYyENR2XS @ NS4 & GTremPcriefi @iSap a & NBI2
concentrated around shaded areas and extend only a short distance beyond canopy cover.

Consistent with the scale and objectives of the design, the interventions do not substantially reduce eswraioair
temperatures, with only minor reductions observed. The results therefore demonstrate that the primary value of the
proposed NbS intervgions lies in improving human thermal experience and the usability of public space, rather than
materially reducing ambient air temperature across the corridor.

Overall, the study highlights the importance of canopy extent, continuity, vegetation health, irrigation, aritong

maintenance in sustaining cooling performance over time. It also demonstrates the broader role that integrated NbS
can play in supportip climate resilience, liveability, and public amenity outcomes in Battambang.
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Appendix A Supplementary modelling results

Table2. Vegetation data provided by 1+1>2

Range Adopted Range Adopted
Groundcover
Zoysia japonica n/a n/a n/a n/a
AXOnopus compressus n/a n/a n/a n/a
Cyperus spp. 0.1¢0.6 0.5 0.3¢0.8 0.6
(dense sedge clumps)
Cyperus involucratus 0.%¢1.8 15 0.6¢1.2 1.0
(umbrella sedge spread
Typha orientalis 0.3¢0.5 0.5 0.8¢2.0 15
(colonyforming reeds)
Vetiveria zizanioides 0.5¢1.5 1.2 0.6¢1.2 0.9
(tight bunch grass)
Scirpusspp. 0.2¢0.3 0.3 0.6¢1.5 1.0
(rhizomatous spread)
Shrub
Clerodendrumsp. 1.0¢ 3.0 2.0 0.8¢2.0 1.2
Canna indica 1.5¢3.0 25 1.0¢2.0 1.6
(rhizomatous clumping)
Ruellia simplex 0.9¢1.2 1.1 0.%¢1.8 1.4
(spreading perennial)
Duranta erecta 3.0¢6.0 4.5 3.06.0 4.5
(rounded shrub canopy)
Hibiscus rosgsinensis 1.2¢3.0 2.0 1.2¢2.4 1.8
(typical mature spread)
Ixora 0.3%0.9 0.7 0912 1.0
(dense rounded shrub)
Medium Tree
Mitrella mesnyi 6¢12 10 5¢10 7
(rounded small tree
canopy)
Spathodea campanulata 10¢20 15 10¢18 14
(African Tulip Tree) (broad spreading
canopy)
Cassia fistula 8¢15 12 6¢12 9
(moderately spreading
crown)
Tall tree
Lagerstroemia tomentosa 10¢15 13 6¢12 9
(broad irregular crown)
Borassus flabellifer 15¢30 22 3¢6 4

(fan palm crown spread)
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