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Figure 3: Rhino poaching and conservation key words in SANParks annual reports 

As depicted in table 4 and figure 4, the importance of reporting on its performance relative to its 

responsibility to preserve its rhino population is further highlighted by the analysis of the key words as a 

percentage of the total words count in the annual reports for the respective years included in the study.  

Whereas, the identified words only constituted 1.26% in 2006, the frequency with which these words were 

used has shown a steady increase to represent 5.23% by 2015, but spiking in 2011 to 17.66% illustrating the 

extent of the rhino poaching problem.  Again, the increased use of the key word themes relating to rhino 

(5.85%), poaching (4.93%) and crime (3.44%) showed significant spikes in 2011.  By comparison, the key 

words rhino only represented 0.51%, poaching 0.31% and crime 0.08% of the total words contained in the 

2006 annual report.   

Table 4: Rhino poaching and conservation key words in SANParks annual reports (2006 to 2015) 

Percentage of total 
words 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 TOTAL 

Arrest 0.13% 0.16% 0.44% 0.66% 0.26% 1.99% 2.02% 0.40% 0.66% 0.65% 0.69% 
Crime 0.08% 0.30% 0.23% 0.14% 0.56% 3.44% 1.08% 0.99% 0.90% 0.19% 0.72% 
Firearms 0.23% 0.00% 0.00% 0.10% 0.68% 0.81% 0.35% 0.43% 0.29% 0.00% 0.27% 
Horns 0.00% 0.16% 0.13% 0.21% 0.26% 0.64% 1.18% 0.08% 0.00% 0.13% 0.26% 
Poaching 0.31% 0.51% 0.43% 1.16% 1.51% 4.93% 3.59% 3.50% 2.62% 2.11% 1.94% 
Rhino 0.51% 0.96% 1.04% 1.17% 2.25% 5.85% 4.38% 3.39% 3.59% 2.14% 2.40% 
Total 1.26% 2.10% 2.27% 3.43% 5.51% 17.66% 12.60% 8.80% 8.06% 5.23% 6.27% 
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Figure 4: Rhino poaching and conservation key words as a percentage of total words  

4.2 Disclosure of rhino-related issues in annual reports from 2006 to 2015 

As stated in the theoretical framework in section, in South Africa, the PFMA requires all public entities 

including SANParks, to report on their performance relative to their approved predetermined objectives.  A 

detailed scrutiny of these “performance reports” for the ten-year period covered by this study reveals that in 

2006, 2007 and 2009 the word “rhino” was not referred to at all.  In 2008, the only reference to “rhino” was 

in relation to the performance objective relating to “enhancing SANParks” reputation; in this regard 

SANParks stated that “several reports on rhino poaching in the KNP also led to a high negative coverage 

15% in April 2007”, but failed to describe any meaningful intervention to address this matter.  Although it 

falls outside the period covered by this study, it is pertinent to note that SANParks only commenced 

disclosing its performance information in 2006.   

In 2010, the Performance Information narrative, SANParks introduced the rhino poaching problem, under 

the performance objective “improve parks’ safety and security”, by reporting that “the reality of poaching, 

particularly in the Kruger National Park, continued to receive attention.”  It also announced that the “Anti-

Poaching Strategy document” (including rhino) was completed and proposed “implementation of the 

National Environmental Crime Investigation Unit”, which will be headed by SANParks.  Aligned to the 

spike in key words depicted in figures 3 and 4, the extent of disclosure by SANParks of rhino poaching 

related issues similarly exploded in 2011. 

SANParks reached the tipping point of reporting on the impact of rhino poaching related activity in 2011, by 

comprehensively disclosing its performance objectives relating to “Media Reputation Rating”, “Number of 

Stakeholder Engagement Interventions”, “% progress against implementation of Listed Species Management 

Programme”, and “% progress against implementation of Resources Protection Programme”.  Specific 

SANParks performance described included proactively engaging media, infrastructural and Public Private 

Partnership initiatives, participation in the Lead SA Rhino Action Group civil initiative, completion of the 4th 

KNP white rhino demography survey, completion of the first draft of the SANParks rhino strategy, and 
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completing 90% of the SANParks Resources Protection programme. 

From 2012 to 2014, “Enhancing Organisational Reputation”, with a specific performance indicator based on 

the Media Reputation Rating remained on of the key performance indicators.  In this regard, the report 

narrative identified the KNP as the most impacted area, collaborative initiatives to increase public awareness 

of the extent of the problem, sponsorships secured as well as the interventions implemented to combat rhino 

poaching were described.  By 2015, rhino poaching and conservation efforts were no longer being reported 

under the “Enhancing Organisational Reputation” performance indicator.  It is suggested that the SANParks 

decision to remove this rhino poaching metric represents a change in strategic approach, from using rhino-

related disclosure to manage legitimacy to deliberately focus on its efforts to conserve its rhino population.  

This change in strategic approach appears to emerge from the introduction of “Improving the State of 

Conservation Estate” as a new strategic performance objective category from 2011 to 2014.  In 2015, this 

category was renamed as “Promoting Effective Management of National Parks”.  Amongst others, within the 

context of this paper, this performance objective specifically includes a performance information disclosure 

category dealing with the monitoring of its progress towards its implementation of its biodiversity 

improvement, and listed species management programmes.  In 2013, indicative of its significance as a 

component of the SANParks’ biodiversity strategy, an additional performance information category 

“Poaching Incident Rate” was introduced as an integral element within this strategic objective.  The detailed 

performance narrative not only includes disclosure of information relating to rhino poaching statistics and 

anti-poaching measures, but also multi-stakeholder collaborative and funding initiatives as well as 

information relating to the apprehension of criminals involved in rhino poaching.  Aligned to the literature 

review finding that rhino horn products are amongst the most expensive goods in the world (Hübschle, 2016; 

Shepard et al., 2017), and the existence a huge value differential between the value/price of live rhinos and 

their horns, in the annual report of 2012, SANParks comments on “the need for innovative strategic thinking 

and exploring of several possibilities that will reduce the difference between demand and supply of rhino 

horn which determines its financial value and hence incentive for poaching”, which is exacerbated by the 

ongoing cost of anti-poaching interventions.  In the 2013 annual report, SANParks clarifies that poaching is 

unacceptable by rewording the performance indicator “% of Acceptable Animal Population Decline due to 

Poaching” to “Poaching Incidents Rate” and specifically targeting zero growth. 

4.3 The Auditor-General’s involvement in performance information 

The report of the Auditor-General for the year ended 2007 first introduced its responsibilities relating to the 

audit of performance information by stating that “I conducted my engagement in accordance with section 13 

of the Public Audit Act, 2004 (Act No. 25 of 2004) read with General Notice 646 of 2007, issued in 

Government Gazette No. 29919 of 25 May 2007”.  Without actually providing an opinion on the veracity of 

the disclosed performance information for 2007, the Auditor-General nevertheless found that performance 

disclosures did not include all the predetermined objectives.  In 2008 and 2009, the Auditor-General stated 

that the engagement “included performing procedures of an audit nature to obtain sufficient appropriate 
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evidence about the performance information and related systems, processes and procedures.  Again without 

providing an opinion about the veracity of the disclosed performance information that “the evidence I have 

obtained is sufficient and appropriate to report that no significant findings have been identified as a result of 

my review.”  Despite referring to its mandated responsibilities relating to performance information, in 2010 

the Auditor-General simply referred to having “no matters to report” on SANParks’ predetermined 

objectives.  Similarly, in 2011, the Auditor-General stated that “there were no material findings on the annual 

performance report concerning the presentation, usefulness and reliability of the information”.   

In 2012 and 2013, but still without providing an audit opinion, the Auditor-General provided additional 

information relating to its mandated performance information responsibilities, by stating that “I performed 

procedures to obtain evidence about the usefulness and reliability of the information in the annual 

performance report...” and continues by disclosing that “the reported performance against predetermined 

objectives was evaluated against the overall criteria of usefulness and reliability”.  The Auditor-General 

advises that “the usefulness of information in the annual performance report relates to whether it is presented 

in accordance with the National Treasury annual reporting principles and whether the reported performance 

is consistent with the planned objectives. The usefulness of information further relates to whether indicators 

and targets are measurable (i.e. well defined, verifiable, specific, measurable and time bound) and relevant as 

required by the National Treasury Framework for managing programme performance information.  The 

reliability of the information in respect of the selected objectives is assessed to determine whether it 

adequately reflects the facts (i.e. whether it is valid, accurate and complete).”  However, instead of providing 

an opinion on the veracity of the performance information disclosures, the Auditor-General reports that 

“there were no material findings on the annual performance report concerning the usefulness and reliability 

of the information.” 

Still retaining its explanatory disclosure approach adopted in 2012, by 2014, the Auditor General reported on 

certain material findings relating to SANParks’ performance objectives.  These reports include a lack of 

material findings on certain performance objectives; and an inability to corroborate reported performance 

information against credible supporting evidence against which, caused by inadequate information systems 

and poor internal control measures.  It is particularly disconcerting that the Auditor-General’s report reveals 

that “the reported performance information of three significantly important targets was not valid, accurate 

and complete when compared to the source information or evidence provided.  This was due to a lack of 

standard operating procedures or documented system descriptions for the accurate recording of actual 

achievements, recording and monitoring of performance/monitoring of the completeness of source 

documentation in support of actual achievements/frequent review of the validity of reported achievements 

against source documentation.”  Since the performance objective “Improving Conservation Estate” 

specifically includes important disclosures relating to rhino poaching, and although no further information is 

provided about the “three significantly important targets”, this may imply that the rhino-related disclosures 

being investigated are unreliable.  In 2015, the Auditor-General continued to report on the lack of proper 

systems and processes and formal standard operating procedures, and that a significantly important target 
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could not be verified against the source data or evidence provided.  Unfortunately, neither the 2014 nor the 

2015 Auditor-General’s report disclose for which specific targets they were unable to access reliable 

corroborating evidence.  These material inadequacies have caused the Auditor-General to raised doubts 

about whether SANParks could realistically deliver on its declared performance objectives and achieve its 

planned performance targets.  

The analysis of the Auditor-General’s reports over the ten-year period covered by the study appears to 

suggest that the auditing of performance information is an evolving field.  As the practice has become more 

established, the Auditor-General appears to have increased the extent of its disclosures relating to SANParks’ 

performance information.  Even though none of the rhino-related key were used in the Auditor-General’s 

reports, the inadequate systems, poor state of internal controls, and the adverse findings about the reliability 

of some of the disclosures appears to reflect the perspective of an independent and objective party that 

SANParks may actually not be optimally delivering on its mandate. 

5. Conclusion 

This paper represents one of the early papers examining the emerging phenomenon of “extinction 

accounting”.  It adopts an exploratory interpretative research approach to understand the extent to which 

SANParks, as the state-owned entity with the specific mandate to preserve South Africa’s biodiversity, has 

used its annual reports to illustrate the gravitas of the rhino poaching problem and to account to its 

stakeholders about the manner in which it has discharged its mandated responsibilities.  Since this 

phenomenon is usually studied within the context of the natural sciences and not within the governance and 

accountability disciplines, the paper provides the theoretical foundation by comprehensively contextualising 

and describing the rhino poaching phenomenon.  It continues by introducing the role played by SANParks in 

the preservation of biodiversity, including of the rhino.  As a state-owned entity, the paper appropriately 

describes the legislative and regulatory mandate that SANParks is obliged to comply with, which includes 

the governance and reporting requirements. 

The study uses Atlas.ti to analyse the key words relating to rhino poaching and rhino conservation within 

SANParks.  The study seeks to understand whether the exponential increase in rhino poaching is mirrored by 

an increase in SANParks’ disclosures relating to the impact of rhino poaching at the protected areas under its 

control.  Unsurprisingly, the key word count reflects an increase in the frequency with which these key 

words have been used over the period from 2006 to 2015.  Significantly, the 173% increase in rhino 

poaching in 2010 (illustrated in figure 1) appears to show a strong association by a 179% increase in the 

usage of the key words in 2011 (reporting on the 2010 performance, and illustrated by figure 3).  Similarly, 

the key words as a percentage of total words in the annual reports also revealed a significant spike in 2011. 

Although rhino poaching related performance disclosures only really emerged in 2010, since then and 

aligned to the growth in rhino poaching, the nature and extent of rhino poaching related performance 

disclosures has continued to evolve.  Initially, rhino poaching was disclosed part of SANParks legitimisation 

24 
SDC 2017



efforts in order to enhance its reputation.  In 2011, the extent of disclosure expanded to reflect on its 

stakeholder engagement interventions and its specific biodiversity preservation mandate.  By 2015, 

SANParks rhino poaching disclosures were entirely about its conservation efforts, and no longer linked to 

reputation management.   

The Auditor-General first included the auditing of SANParks’ performance information in 2007.  Since then, 

the nature and scope of its audits on performance information, has expanded with the quality of its reports 

more comprehensively reflecting pertinent information relating to the systemic weaknesses, but also 

reporting that the reported performance relating to certain targets may be unreliable.            

In conclusion, while recognising the crucial role that SANParks plays in combatting rhino poaching within 

the areas under its control, and acknowledging that the extent to which SANParks has increased its rhino-

related to reflect the growth in rhino poaching, the concerns expressed in the Auditor-General’s reports 

suggest that much work remains to be done. 
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Abstract 
 
The urban heat island effect is highly related to urbanization and urban population, which 
impacts on global warming, air pollution, increased energy usage, etc. For tropical cities, 
especially totally urbanized Singapore, the increasing urban warming further decreases 
thermal comfort. Climate sensitive urban design as an important mitigation effort has thus 
received greater attention in recent years. On this basis, the paper focuses on the wind 
environment and sustainable urban design. It tries to answer the question of whether air 
velocity should be considered as an important factor in achieving better thermal comfort in 
Singapore since, compared to other cities, winds in Singapore are generally light with the 
mean surface wind speed normally less than 2.5 m/s 1. Through literature review and 
re-evaluation of past research, this paper examines the relationship between urban wind 
environment and thermal comfort and demonstrates the need for and importance of 
improving the wind circulation by urban design, because even light wind will compensate 
significantly for an increase in operative temperature. Finally, the paper suggests an approach 
to wind sensitive urban design in tropical cities that could improve the thermal environment 
and comfort. 
 

Key words 
 
Wind sensitive urban design, thermal comfort, wind speed, CDF simulation, Singapore 
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1. Introduction 
 
Global climate change (GCC) and the urban heat island (UHI) are both man-made problems, 
highly related to urbanization and urban population.2 The improvement of the urban wind 
environment could decrease energy used for cooling, CO2 emissions, and air pollutants, 
improve the thermal comfort, and mitigate UHI. The importance of air velocity in urban 
design has been proved by many studies, e.g. Peter Bosselmann, Edward Ng, etc.3 But in 
Singapore wind sensitive urban design has not received enough attention yet. Due to the 
area’s light air velocity, most research on mitigation suggestions for Singapore emphasize 
introducing greenery, cool materials, etc. rather than improving the wind profile. Based on 
the research conducted in the Cooler Calmer Singapore Impact Project at Singapore-ETH 
Centre (SEC)4, this study examines the role of the wind environment in creating better 
thermal comfort in Singapore and similar tropical humid cities, and suggests that wind 
sensitive urban design as an important mitigation option which needs to be refocused upon by 
the government and researchers in order to develop a livable urban environment and reduce 
urban warming in Singapore. 
 
2. Definition 
 
2.1. Wind environment 
 
The urban wind environment refers to the wind speed and direction in urban area. Because of 
the difference of wind pressure, heat absorption and topographic conditions between urban 
and natural areas, the urban microclimate is quite different from the atmospheric environment. 
Wind behaviors in the city are impacted by many factors that could be summarized, from 
large to small scale, as follows: atmospheric circulation pattern, certain topographic wind 
profile, urban morphology and roughness properties of the urban areas, and the surface drag 
by buildings, trees, grassland and so forth. For setting a base for the urban wind profile, T. R. 
Oke and Edward Ng suggest distinguishing urban climate layers, including the urban 
boundary layer (UBL), roughness sublayer (RSL), urban canopy layer (UCL) and podium 
layer, in which the urban canopy layer and podium layer are the focus of the urban wind 
environment5 (figure 1). 
 

 
Figure 1 Urban climate layers6 
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2.2 Thermal comfort 
 
Thermal comfort should be defined by two related aspects. First, it has a historical, cultural, 
and socio-political meaning and played the central role in transforming urban and built space 
in tropical cities, where “much of the twentieth century was about building cool, comfortable 
spaces, through increasingly sophisticated forms of mechanical air conditioning”7. The 
representative example is Singapore – often referred to as the air-conditioned nation. 
Air-conditioning made it feasible to ensure thermal comfort while addressing the modernist 
architectural doctrine, rather than through ingenious climatically responsive design. 
 On the other hand, thermal comfort could be examined from a technological 
perspective. It is influenced by complicated factors, including environmental variables, wind 
speed, air temperature, mean radiant temperature, as well as the physical and physiological 
aspects of the human body. But the understanding of thermal comfort is still far from 
complete comprehension. There are more than 100 indices on thermal comfort, such as 
physiologically equivalent temperature (PET), standard effective temperature (SET), and so 
forth. Based on observations and surveys, a localized model of thermal sensation vote (TSV) 
has been developed for Singapore. The formula is a function of four independent variables: 
air temperature (Ta), relative humidity (RH), wind speed (V), and mean radiant temperature 
(Tmrt), which is expressed by the following (Eq. 1)8: 
 

TSV = 0.398Ta + 0.023RH − 0.329V + 0.038Tmrt − 14.061        (1) 
 
It demonstrates that the relative humidity (RH) has a relatively minor effect, while the air 
temperature (Ta) and air velocity (V) are the most important variables affecting TSV in 
outdoor urban spaces in Singapore. Other important indices will be examined in section 5.  
 
2.3 Climate sensitive urban design 
 
Climate sensitive urban design refers to design which is responsive to climate change. The 
notion can be traced to “Design with Nature”, written by Ian L. McHarg in 19699. Compared 
to the notion of general “sustainable urban design”, climate sensitive urban design focuses 
especially on urban climate, e.g. wind and thermal environment. It is very important to 
understand its meaning from historical, cultural, and political perspectives. In the colonial 
times, a tropical climate was regarded as a symbol of an “uncivilized” nation that needed 
climate responsive design as an approach cultivating the locals. Later, climate sensitive 
design became a local tradition, representing the national identity under modernization. 
Hence a number of studies agree that both thermal modernity and natural forces are the prime 
determinants of architectural and urban space in the tropics10. On this basis, the architects and 
urban designers in Singapore and Malaysia have become national figures for their 
climatically responsive design in their practice, such as Ken Yeang, Tay Kheng Soon, 
WOHA, etc. 
 From a technological perspective, for improving the urban wind environment, Peter 
Bosselmann summarized the impact of buildings ordination and arrangement on wind 
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distribution at ground level in 1984, for example, downwash vortex at the foot of a building, 
corner effect, wake effect, tower among lower building effect, gap effect, pressure connection 
effect, channel effect, venturi effect, pyramid effect, shelter effect11 (figure 2). His work 
demonstrates the significance of urban design on the urban wind profile. 

 
Figure 2 Typical air flow pattern: a single building (left), downwash vortex (middle) and 

tower among lower building (right)12 
 
3. Approaches to studying the wind environment 
 
To mitigate UHI, government agencies and researchers increasingly pay attention to the 
urban microclimate, including wind environment, thermal environment, noise environment, 
and so forth. For an urban wind behaviors study, there are three main approaches: on-site 
measurement, physical model simulation, and computer simulation. 
 The advantage of the first method is that it is simple and easy to apply and to obtain 
first-hand data. Other methods need measurement data to set the boundary condition and 
validate the model. For example, Tan, Wong, and Jusuf conducted a large-scale measurement 
covering a variety of urban typologies to estimate the mean radiant temperature by air 
temperature, wind speed, and so on 13 . However, because of the complicated outdoor 
environment, the observed data is highly constrained by the specific surrounding conditions, 
so cannot be directly used for other places under different microclimatic environments, and 
therefore is limited in predicting urban planning results. 
 The second approach for wind environment studies is wind tunnels. It is beneficial for 
controlling the experiment conditions, simulating large-scale urban areas, and getting 
accurate results. The disadvantages are that it is time-consuming and expensive. 
 Thirdly, the use of CFD (computational fluid dynamics) for urban wind simulation is 
gaining momentum in scientific circles14. A number of tools have been discussed and 
examined on their accuracy and usage in wind simulation, e.g. scSTREAM, Fluent, CFX, 
STAR-CD, OpenFORM, ENVI-met, etc. Compared to wind tunnel and full-scale 
measurements, the benefits are decisive: being readily available, inexpensive, enabling 
changes easily with no restrictions, and able to analyze complex environmental problems. 
Therefore, the CFD simulation has a special advantage in the initial stages of urban design 
and when examining as-yet unbuilt urban projects. The more detailed application of CFD in 
wind sensitive urban design will be discussed in section 6. 
 
4. Singapore’s wind conditions 
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4.1 Wind speed in Singapore 
Changi Climate Station recorded that the mean wind speed was 2.65 m/s from 1982 to 2016 
(2.31 m/s in 2016) (figure 3). By calculating the data from all 19 Singapore weather stations 
in 2016, the city’s mean wind speed was calculated as 2.27 m/s15. On this basis, it can be 
concluded that “winds in Singapore are generally light, with the mean surface wind speed 
normally less than 2.5 m/s except during the presence of a Northeast Monsoon surge when 
mean speeds of 10m/s or more have been observed.” 16 Even for the prevailing wind, 
obtained from the National Environmental Agency (NEA) for a period of 18 years, the 
velocities of the four prevailing wind directions averaged to 2.7m/s (at 15.00m).17 
 However, because the wind speed data is from weather stations, whose instruments are 
normally 10m above the ground, it is also crucial to know the air velocity at pedestrian level 
(1.5m). According to measured data conducted by Yang, Wong and Jusuf at 17 different 
outdoor locations in Singapore, the mean wind speed is 0.97 m/s, the standard deviation is 
0.66, while the min wind speed is 0.08 m/s, and the max is 4.49 m/s.18 

 
Figure 3 Annual wind rose (m/s) (1982–2016) and hourly variation of surface wind speed 

(m/s) and direction for each month (1983–2016 average)19 
 

4.2 Light wind’s impact on thermal environment in Singapore 
 
Although it is believed that the urban wind helps to improve thermal comfort and mitigate 
UHI, the question is, given the mean wind speed at around 1m/s at pedestrian level, should 
air velocity be considered as an important factor in achieving better thermal comfort in urban 
design? 
 Yang, Wong, and Zhang point out that the perception of wind is highly related to air 
temperature, so “when the air temperature gets closer to body temperature (37 ºC), heat 
transfer from the human body to the environment is reduced, and thus even the increase of air 
movement (speeding up evaporation) would not make people feel comfortable under 
extremely high temperature and high humidity in a hot and humid climate.”20 However, in 
Singapore, according to the Changi Climate Station, the mean daily temperature of the whole 
year is around 26–28 ºC, and the daily temperature range has a minimum usually not falling 
below 23–25ºC during the night and maximum not rising above 31–33ºC during the day.21 
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Although the higher the PET, the higher the wind speed required to feel comfortable, a wind 
speed of 1m/s could still improve the thermal comfort in an outdoor area. 
 Furthermore, Jusuf and Wong developed a STEVE tool (the application of the 
screening tool for estate environment evaluation), based on measurement data, to simulate the 
thermal environment in Singapore. Both the tool and their research give the conclusion that, 
although various wind conditions for the same urban layout iteration could bring down the 
outdoor average temperature by as much as 0.3 ºC, and maximum temperature as much as 
0.77 ºC, “[i]t seems that there is no significant difference regarding the wind condition from 
one design iteration to another. […] the various design options do not seem to affect the wind 
condition.”22 The conclusion is quite misleading on applying wind sensitive urban design in 
Singapore. Firstly, the design scenarios they propose are under certain conditions and quite 
limited, actually ignoring other possibilities. Secondly, their conclusion is based on the mean 
wind speed; however, the wind speed is highly variable from one point to just a few meters 
away in reality. That is why CDF simulation is needed to understand the complex situation of 
the urban wind profile. Wind sensitive urban design could help to optimize the wind 
environment, not only improving the wind for the whole urban area, but also mitigating the 
heat at specific places, such as a widely used public spaces. 
 Therefore, some research supports the importance of wind-responsive design despite 
the light wind conditions. Kim and Baik argue that the UHI intensity is strong during clear 
and windless nights in Seoul, so “for wind speeds greater than about 0.8 m/s, the maximum 
UHI intensity decreases as the wind speed increases”23. Hong Kong in summer has similar 
urban climate conditions to Singapore. Based on Edward Ng’s research, “Urban Climatic 
Map and Standards for Wind Environment”24 was published for urban governance and 
research. In the “Executive Summary”, the report proposes the planning and design measures 
to improve urban wind behaviors, summarizing the design strategies on greenery, ground 
coverage, proximity to openness and connectivity, building volume, building permeability, 
building heights. It is believed that “for designers, it is possible to design our outdoor 
environment to maximize wind speed and minimize solar radiation to achieve comfort in the 
hot tropical summer months of Hong Kong.”25 (See figure 2.) 
 
5. To what extent does light wind impact on thermal comfort? 
 
This section will clarify to what extent wind at 1m/s could impact on thermal comfort. As 
mentioned in section 2, there are many indices to measure thermal comfort, in which air 
velocity plays an important role in affecting TSV in outdoor urban spaces in Singapore. This 
section continues to explore the other two famous indices – ASHRAE Standard 55 (American 
Society of Heating, Refrigerating, and Air-Conditioning Engineers) and PET (physiologically 
equivalent temperature). Although ASHRAE Standard and PET were initially developed for 
the study of indoor thermal comfort, they have also been widely used for outdoor thermal 
comfort studies in recent years26. 
 
5.1 ASHRAE Standard 55 
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Referring to ASHRAE 55 2013, the maximum comfort operative temperature for the humid 
tropics is about 27.5°C without any sensible air movement over the human body. Thus, the 
maximum comfort operative temperature may be increased if wind is introduced. Rohinton 
Emmanuel summarized that “at an air speed of 1 m/s, the maximum comfort operative 
temperature may be extended to 30.5°C. That is to say, a 1 m/s air speed may compensate for 
an increase of about 3°C in operative.”27 (figure 4). Since the mean temperature in Singapore 
is not above 31–33ºC during the day, a wind speed of 1m/s could increase the thermal 
comfort range significantly in Singapore. 
 

 
Figure 4 A simplified comfort outdoor temperature chart28 

 
5.2 PET 
 
Based on their study in one Singapore urban street, Yang, Wong, and Li believe “a variation 
of 1 m/s in wind speed only leads to a variation of 1.4°C in PET”29, which “could be viewed 
as negligible”30. However, based on the PET formulation, the following simplified equation31 
(Eq. 2) is proposed by Rohinton Emmanuel for the typical climatic conditions of the tropics. 
 

      PET = 1.2 Ta – 2.2 V + 0.55 (Tmrt – Ta)                   (2) 
 

PET physiological equivalent temperature in °C 
Ta  air temperature in °C 
Tmrt mean radiant temperature in °C 
V air speed in m/s 
 

For his study, a 1 m/s difference in air speed will lead to a variation of 2.2 °C in PET. 
That is to say, a 1m/s increase in wind speed may compensate for a 1.8°C increase in air 
temperature, which is less than the number obtained by ASHRAE 55 2013 standard, but both 
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results show the significance of a 1 m/s difference in thermal comfort in tropics. The 
conclusion is similar when using another index. For example, Vicky Cheng et al. used the 
thermal sensation (TS) to study the thermal environment of Hong Kong in summer, where the 
weather is also hot and humid. They conclude that “it can be inferred that the effect of 
increasing wind speed from 0.3 m/s to 1 m/s is equivalent to a drop of about 1.9°C in air 
temperature.”32 (figure 5) 
 

 
Figure 5 Effects of changing wind conditions on thermal sensation in summer Hong Kong33 
 
 In conclusion, there is a great improvement in thermal comfort when introducing wind 
even at around 1m/s. This study doesn’t intend to compare the influence of different 
mitigation strategies, such as greenery, shadow, cool materials, etc., but demonstrates the 
crucial role of light wind in Singapore and other tropical cities. Furthermore, although the 
mean wind speed in Singapore is low, it is important to know there will be the stronger wind 
in particular season and places. For example, the measurement data proved 3m/s mean wind 
speed around Marina Bay on a typical clear sunny day - 18th of March 201134. Meanwhile, 
Yang, Zhang and Fu believe the air velocity at 0.6-1 m/s also supplies the comfort feeling if a 
person standing in the shadow of buildings or trees,35 which indicates the importance to 
combine the urban design considering wind and shadow. 
 
6. Wind sensitive urban design for better thermal comfort 
 
Many tropical and sub-tropical cities have already compiled design guideline books on 
strategies for mitigating UHI and creating a better thermal environment. Wind sensitive urban 
design should be an important part of this strategy36. Besides, as discussed in section 3, more 
attention has been paid to simulation aided urban design on wind environment at the initial 
planning stage, especially CFD simulation. For example, the work by Setaih shows the effect 
of urban design on the wind environment, using ANSYS. Based on the simulation, he tests 
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small changes by design, resulting in an enhanced wind velocity to a maximum of 1.3 to 2.3 
m/s through implementing new high rise buildings (X) and introducing two 45o tall 
rectangular buildings along the proposed new road.37 (figure 6) 

 
Figure 6 Comparison of the air velocity data between the field measurement, the CFD result 

of the current situation and the new design.38 
 

 Another case is a study conducted at Singapore ETH Centre. The Cooler Calmer 
Singapore Impact Project is an interdisciplinary research project aiming to “contribute to the 
development of new urban designs that enhance convection and provide enhancements on a 
pedestrian level for outdoor thermal comfort”39, and testing the simulation, helping urban 
designer in practice. The Kent Vale II (figure 7), which has a Green Mark Platinum rating, is 
studied as an example, not only to help to understand the wind profile of the built 
environment of an excellent project, but also to explore the possibilities for improving 
thermal comfort during the design process. OpenFORM is chosen here as the CFD software 
to simulate the existing case and different design strategies40. 

Take the case of the “void deck” (free ground floor) popular in Singapore as an 
example. The research tries to clarify whether it is a good climatic responsive design strategy 
to be promoted in Singapore. Using the NUS meteorological station, on 17th Dec 2012 with 
the mean wind speed of 1.67m/s, wind direction from NNE and the cutting plane at 2 m 
above ground, the study compares the thermal environment between existing cases and the 
new design under the same climatic conditions in order to find out the impact of “void deck”. 
The results shows that the void deck improves the wind not only at the free ground floor, but 
also the open space at the downwind direction (figure 8). As a consequence, the void deck 
provides a cooler public space. The comfort zone is much larger than the original design, 
especially the area with much stronger wind (figure 9). So it demonstrates that 
wind-responsive design could help to achieve better thermal environments in Singapore. 
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Figure 7 Kent Vale II and its simplified model 

   
Figure 8 Wind simulation of existing case     Figure 9 Temperature simulation of existing 
(above) and new design (bottom) at 15:0041   case (above) and new design (bottom) at 
15:0042 
 
7. Summary 
 
Following a review of the literature on study approaches to urban wind profiles and the 
debate on light wind’s impact on thermal comfort, this paper demonstrates that the wind 
speed has a positive effect on thermal environment in warm climates. Since “tropical areas 
are often characterized by low wind speeds, especially when they are affected by the 
intertropical convergence zone (ITCZ)”43, it is crucial to understand the importance of 
improving the wind environment, not only for Singapore but also other cities in hot humid 
climates, for people’s comfort. Wind sensitive urban design based on CFD simulation is, 
therefore, proposed and recommended for better examination of the wind environment and 
achieving comfortable and livable city in tropics. 
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