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Abstract

Hot-desert deck parks need thermal evidence of whether occupied spaces reach comfort-relevant end states,
not whether the design reduces some calculated heat load. In this paper, a novel Residual Thermal Sufficiency
Analysis (RTSA) is formulated based on COMFA, an approach used to quantify distances between final
temperatures and comfort intervals for adults and children. The application of RTSA is demonstrated for
a 31,700 m? freeway deck park in downtown El Paso, Texas, considering the documented local climate,
ENVI-met simulation validation, COMFA sensation limits, changes in site-scale microclimatology, and
four occupied-place level COMFA transitions. RTSA helps answer questions about which spaces reach
thermal sufficiency after the design, which do not and remain either warm or cool, and what physical control
measures need to be applied to close the rest of the distance. The response to intervention at the site scale
was relatively modest, involving a 0.67 °C drop in air temperature and a 0.30% increase in relative humidity,
while substantial reductions were achieved for solar radiation (—25.2%) and wind speed (—17.2%). At the
place scale, however, a different ranking emerged. Water plaza had the greatest reduction in COMFA value
(from 247 to 69 W m~2), yet it retained significant adult and child heat residual (19 and 29 W m~? according
to Brown and Gillespie thresholds). Amphitheater and pedestrian street had similar performance, falling
from 147 and 149 to 46 and 42 W m~2, achieving adult sufficiency under the Brown and Gillespie limits,
respectively. Pedestrian street had just 2 W m~2 exceeding the child upper limit. Winter green patch was
adjusted from —101 to —55 W m~2. The findings highlight the necessity of focusing thermal design decisions
on residual distance, occupant category, season, and activity zones. RTSA can show designers in which
spaces further canopy, misting, surface cooling, or permeable shelter from wind needs to be considered.

Keywords: outdoor thermal comfort; COMFA; hot-desert park; deck park; heat safety; child thermal comfort;
shade; ENVI-met; residual sufficiency; El Paso

1. Introduction

Urban outdoor heat stress arises from the complex interplay of climate, form, material, wind, and occupant activity.
Urban canopy layer characteristics include street geometry, sky view, thermal storage, and surface moisture, whereas
perceived heat relies on the body’s energy balance rather than air temperature alone [2, 9, 27]. The distinction
is critical to hot and dry cities where direct radiation, ground surface heating, dryness, and wide temperature
difference can cause severe heat exposure in daytime and sometimes cool-side stress following sunset. A public
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place, accordingly, needs different thermal interventions at different times of the day.

Such considerations apply even more intensely to a freeway deck park where the surface plane is artificial, structurally
defined, and paved. Limited soil depth, rooting volume, structural capacity, visual appearance, and maintenance
access preclude many thermal strategies. Thermal assessment has to be strategic in this case as a particular canopy
element, water spraying system, cool surface area, or wind break should be positioned where it affects human
thermal experience within the actual occupied zone. Research of hot-arid streets and courtyards confirms a strong
impact of geometry, orientation, shading, and surface manipulation on pedestrians’ thermal perception especially
with intense solar access [1, 3, 12]. Analogous findings from thermal comfort science show that radiation shading
and cooling tend to influence comfort more significantly than minor temperature variations [5, 11, 18, 24, 25].

Heat-mitigation studies also point out the uninterchangeability between the green, blue, and grey approaches. Trees,
turf, cool pavements, reflectors, water features, and ventilation systems are characterized by differential coverage,
operation costs, and seasonal applicability [4, 16, 19, 22, 26, 30]. Planting may create shadow but can affect airflow
as well; mist can be beneficial in dry environment but is effective only locally and requires operation; a solid surface
can shield against winter wind but excessive shading can be undesirable in summertime. A comprehensive thermal
assessment has thus to associate the actual design element with a specific thermal performance measured as energy
budget change.

1.1. From magnitude of cooling to sufficiency in design

Outdoor thermal comfort indices including PET, UTCI, and COMFA were formulated due to the multi-path energy
exchange inherent to human thermal sensation [5, 6, 11, 13, 14, 31]. In particular, COMFA is helpful for design as
the term definitions refer to implementable thermal measures. Shade blocks short-wave radiation, misting and
water evaporation facilitate heat loss through dry air, cooling surface helps with infrared energy exchange, and
vegetation and porous screens mitigate convection. The COMFA index tailored to children illustrates an example
where the same thermal condition does not imply the same degree of sufficiency for child occupants [7].

The problem here is that pre- and post-intervention COMFA values are often regarded as reduction amounts. An
improvement of 178 W m™2 can still result in non-neutral heat exposure whereas a minor reduction can push the
place below the neutral boundary. A winter COMFA value must be evaluated in reverse because an increase towards
the neutral point means better shelter from the wind. The fundamental question, therefore, is not which place
changed the most. What matters more is whether there is any place that achieves neutral or better conditions, which
place is still out of the neutral window, and how a corresponding design measure could bring it closer to neutral.

This paper uses the concept of residual sufficiency analysis for thermal assessment of a desert freeway deck park.
The research questions are: Which occupied zones become neutral under final COMFA evaluations according to
adult and child comfort limits, and what remains to be done with residual heat or cold side? The significance of
the approach is that it treats final COMFA values separately with respect to whether they exceed or fall below the
neutral boundary while preserving adult and child limits as two distinct decision criteria. Moreover, the analysis
assigns each residual to a zone-appropriate design measure.

The paper is structured in a journal style. The next section explains the location and thermal data, occupied zones,
visualization formats, and COMFA boundaries. Section 3 defines the equations and categories used in residual
sufficiency analysis. Section 4 presents the thermal responses and transitions of COMFA in different zones. The
discussion part follows by interpreting the findings for hot-desert urban design, sensitive exposure to young people,
seasonal wind management, and design reviews. Section 6 responds to the research question.

2. Materials and Thermal Record

2.1. Site and occupied zones

This research examines a freeway deck park in downtown El Paso, Texas at coordinates 31.761942 and —106.491952
at elevation approximately 1140 m above sea level. El Paso has a desert mixed climate under the Koppen-Geiger
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classification [28]. According to the thermal record, the city sees summers with temperatures around 3540 °C,
precipitation about 220 mm annually, around 302 sunny days, and plentiful daylight hours. These conditions call
for shortwave management, cooling surface, dry air evaporation, and wind regulation design strategy.

Occupied zones in this project include a water plaza, amphitheater, pedestrian walkway, and winter green patch
with wall. The water plaza is a static leisure and game place where shade and water spray operate nearby users.
The amphitheater is a seat where exposure duration is a significant consideration. The pedestrian passage is a
dynamic place where shading and surface material continuity prevail over local thermal shelter. The winter patch
of vegetation and wind barrier wall creates a cool-side shielding place where reduced wind-related heat loss is
desirable.

(b) Amphitheater

(¢) Pedestrian street (d) Winter green patch

Figure 1. Occupied deck-park zones.

This spatial separation in Fig. 1 is critical since the four locations do not share the same thermal purpose.
Child-sensitive and long-term activities are found in the water plaza area, while the amphitheater focuses on seating
thermal exposures. Meanwhile, the pedestrian walkway manages access within the park, and the winter green
provides an alternative seasonal issue, moving the focus from cooling to sheltering. If the park was viewed merely
as one homogenized surface, the above information would be obscured by the residual design effort required in
each location.

2.2. Measurement and model record

The values are derived from the El Paso deck park data record in Li et al. [20]. The pedestrian level measurements
were made on 26 September 2021 using a MaxiMET GMX501 weather station. Comparison between the observed
conditions and those predicted by ENVI-met resulted in the following correlations: air temperature R> = 0.8245,
RMSE = 0.49 and relative humidity R> = 0.7451, RMSE = 1.08. The hot-day design record consists of three
measurements taken on 10 June 2020 at 12:00, 15:00, and 19:00.
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Table 1. Site and model record.

Record item Value

Interpretation for RTSA

31,700 m? deck area; 1140 m elevation;
35-40 °C summer temperatures; 220 mm
annual rainfall; 302 sunny days

Air temperature R? = 0.8245, RMSE = 0.49;
relative humidity R% =0.7451, RMSE = 1.08

Deck and climate

Model validation

Hot-day record 10 June 2020 at 12:00, 15:00, and 19:00

Site-scale response Air temperature —0.67 °C; relative humidity

+0.30%; wind speed —17.2%; solar radiation

High radiation and low moisture make shade
geometry, surface heat, dry-air evaporation,
and wind control primary design variables.
Pedestrian-height outputs have sufficient
comparative reliability for zone-level
interpretation.

Midday, peak-afternoon, and evening
conditions are kept separate.

Radiation and wind changed more strongly
than bulk air temperature.

-25.2%

Focused wind response ~ 22.8-30.2% reduction in selected locations Wind moderation is spatially concentrated

and should be tied to occupied use.

The record in Table 1 establishes why final sufficiency cannot be inferred from air-temperature change alone. A
0.67 °C decrease appears modest, but a 25.2% solar-radiation reduction and a 17.2% wind-speed reduction can
have substantial effects on the body energy budget. The validation values also justify comparative interpretation
while preserving caution about exact person-to-person sensation.

l

ENVI-met validation

Air temperature
Re=0.8245 RMSE =0.49

Relative humidity
R’ =0.7451 RMSE = 1.08

Pedestrian-height comparison

asered

e

(b) Model check

(c) 12:00 (d) 15:00 (e) 19:00

Figure 2. Measurement and modelling record.

The sequence in Fig. 2 connects the calculations to a measured and modelled thermal record. The field panel
represents pedestrian-height observation, the model-check panel indicates validation against measured temperature
and humidity, and the time panels separate thermal conditions that are likely to be governed by different combinations
of radiation, surface heat, and wind.

2.3. Thermal controls and COMFA thresholds

Each occupied zone is linked to a physical control pathway. The water plaza combines mist with canopy shading;
the documented components are 79 W m~2 from mist-related convective and evaporative effects and 99 W m~2
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from canopy radiation blocking. The amphitheater combines tree shade, grass surface, and a 22 W m~2 winter
wind-blocking benefit. The pedestrian street uses roof shade, tree shade, and cooler ground exposure for a 107 W
m~2 summer COMFA reduction. The winter green patch uses a vertical wall and tree-row alignment to increase

COMFA from —101 to =55 W m~2 in winter.

r

(c) Cool pavement (d) Wind shelter

Figure 3. Thermal control elements.

The visual controls in Fig. 3 correspond to the COMFA pathways used in the calculations. Shade changes shortwave
exposure, mist supports evaporative relief in dry air, cooler paving reduces surface-related radiant loading, and
permeable shelter moderates convective heat loss. This connection allows the final residuals to be translated into
buildable design actions rather than left as comfort classifications.

Table 2. Zone-level thermal inputs.

Occupied zone COMFA transition Main control channel Thermal interpretation

Water plaza 247 to 69 W m™2 Mist and canopy shade Strongest summer reduction, but strict
adult and child limits require residual
correction.

Amphitheater 147t0 46 Wm™2;22 W Tree canopy, grass sur- Seated use can reach adult sufficiency

m~2 winter wind benefit  face, and wind filtering while retaining a small child heat residual.
Pedestrian street 149 to 42 W m~2 Roof shade, tree shade, Continuous route shade nearly completes
and cooler ground child sufficiency and reaches adult

sufficiency.

Winter green patch  —101 to —55 W m~2 Vertical wall and treerow  Cold-side deficit is reduced by protecting

users from excessive wind exposure.

The values in Table 2 show that the largest COMFA change is not automatically the most complete thermal result.
The water plaza changes the most, but it begins farthest above strict neutral limits. The pedestrian street changes
less, yet ends closest to the child upper neutral boundary. The winter green patch is evaluated by upward movement
toward neutral because it begins on the cool side.
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Table 3. COMFA sensation limits.

Thermal sensation ~ Kenny et al. Brown and Gillespie Cheng and Brown, children
Cold < -150 < -150 Not specified

Cool —150 to —20 —150to =50 —140to -110

Neutral -20 to 150 -50t0 50 —110to 40

Warm 151 to 250 50 to 150 40 to 80

Hot > 250 > 150 > 80

The thresholds in Table 3 explain why one final COMFA value can support different conclusions. A final value of
69 W m~? is neutral under the broader Kenny et al. adult interval but remains warm under the Brown and Gillespie
adult interval and under the child interval. The analysis therefore treats the selected comfort interval as a design
boundary rather than as a descriptive label.

(a) Cool-side use (b) Neutral use (c) Warm-side use

Figure 4. Thermal state references.

The reference provided in Fig. 4 makes the reasoning about the COMFA direction clear. Warm side locations should
move downward into the neutral interval, while cool side locations should move upward. This visual explanation is
used later when interpreting the green patch in winter. There, the beneficial COMFA change will be an increase.

3. Analytical Procedure

3.1. Residual distance from neutral conditions

For a given comfort interpretation s, the neutral interval is specified as [Lg, Us]. For the occupied zone i, its initial
COMFA level is E? and its final COMFA level is El1 The residual distance above the upper neutral boundary,
defined as the heat side residual, is:

H; (E) = max(0, E - Uy) (1)

while the residual distance below the lower neutral boundary, the cold side residual, is:
Cis(E) = max(0, Ly — E) ()
and finally the total residual outside the neutral interval is:

Ris(E) = H;4(E) + C; 5(E). 3

Zero residual implies a COMFA value within the selected neutral interval. Positive residual indicates the thermal
distance that must still be removed. Residual sign determines the required design direction. For example, heat-side
residual requires reduction in body energy budget, while cold-side residual requires an increase toward neutral
conditions.
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3.2. Closure fraction and normalized residual
The residual closure fraction is determined according to:

Ris(EY) - R s(E))

s = , Ris(E9>0 4
i,s Ri’S(ElQ) l,s( i ) ( )
while the normalized residual is:
Ri,s(Eil)
iy = . &)
Us - Ls

While the two indicators have the same maximum values (1 — Q; s and N; ), a high residual closure does not imply
low residual. Similarly, the converse may also apply if a small COMFA reduction has been sufficient to reach the
necessary neutral boundary.

3.3. Diagnostic categories

Each zone i is classified into one of four categories per comfort interpretation s. The sufficient-retained category
has both initial and final COMFA values lying within the selected neutral interval. If the initial COMFA value of a
zone lies outside the neutral interval, but its final value lies within, the category is neutralized. Zones with an initial
COMFA value lying outside the neutral interval that moved closer but did not cross the neutral interval boundaries
are called narrowed-residual. Finally, the persistent-residual category has both initial and final COMFA levels
lying outside the neutral interval. These definitions refer to end-state sufficiency and not to preferences or other
aesthetics.

The ability to classify a park as having multiple thermal outcomes at the same time is the reason to use the residual
sufficiency metric as opposed to determining a single site-level heat reduction value.

4. Results

4.1. Dominant environmental response channels

Design intervention affected solar radiation and wind speed more effectively than bulk air temperature and relative
humidity. Mean air temperature dropped by 0.67 °C and relative humidity increased by 0.30%. Solar radiation
averaged 25.2% reduction and wind speed averaged 17.2% reduction, while concentrated wind speed reduction
reached 22.8-30.2%.

The numbers show that the thermal benefit in this deck park is not primarily a drop in ambient air temperature. The
change in radiation and wind fields creates the thermal effect. This observation is corroborated by numerous outdoor
comfort studies, which demonstrate how mean radiant temperature, shading, exposure to surface temperature and
wind can dominate thermal sensation under clear sky conditions [10, 18, 22, 24]. As seen in Fig. 3, physical control
elements influence different components of body energy budget.

4.2. COMFA transitions by occupied zone

Four zones showed different COMFA reductions and transitions. The water plaza changed from 247 to 69 W m~2,
which corresponds to a 178 W m~2 reduction. The amphitheater decreased COMFA from 147 to 46 W m~2, or a
101 W m~2 reduction. The pedestrian street experienced a 107 W m~? reduction, decreasing COMFA from 149 to
42 W m~2. Finally, the winter green patch transitioned from —101 to —55 W m~2, increasing COMFA by 46 W
m~2.
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Amphitheat
147—46 W m2

(b) 147 to 46 W m™2

Winter green patch
—-101— -55 W m~2

(¢) 149 to 42 W m2 (d) —101 to =55 W m2
Figure 5. Zone-level COMFA transitions.

From the visual transition in Fig. 5, it can be observed that just because the largest numerical difference is obtained
does not mean that the most sufficient final state is achieved. The water plaza will still exceed the adult and child
upper neutral limits strictly. As for the amphitheater and pedestrian street, they will end up being within the strict
adult limits due to the closeness of their original values to adult limits. Lastly, the winter green patch shows the
reverse case whereby a positive COMFA difference can actually be helpful.

4.3. Adult and child sufficiency status

For sufficiency, the result depends on whether the neutral interval chosen is for adult or child. In case of the neutral
interval according to Kenny et al. for adults, the water plaza is classified as sufficient after being warm before, while
the other two places maintain sufficiency; only the winter green place will be classified as cool. For the Brown and
Gillespie neutral interval, the two aforementioned areas qualify as being sufficient after remaining warm, but water
plaza and the winter green patch stay warm and cool respectively.

Table 4. Thermal sufficiency status.

Occupied zone Kenny et al. Brown and Gillespie Cheng and Brown, children

Water plaza Warm to sufficient Hot to warm residual Hot to warm residual

Amphitheater Sufficient retained Warm to sufficient Hot to warm residual

Pedestrian street Sufficient retained Warm to sufficient Hot to warm residual, near sufficient

Winter green patch ~ Cool residual retained ~ Cool residual, near sufficient ~ Sufficient retained

The classifications in Table 4 show that user group changes the design conclusion. Adult sufficiency under Brown
and Gillespie occurs at the amphitheater and pedestrian street, but the child interval still identifies warm-side
exposure at both zones. The water plaza remains unresolved under both strict adult and child limits despite its large
reduction. This finding prevents an adult-neutral result from being generalized to all users.
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(a) Water plaza (b) Amphitheater (c) Pedestrian street

Figure 6. Final summer status.

These three panels for summer status (Fig. 6) make visible the adult/child discrepancy at the activity scale. The
amphitheater and the pedestrian street are both sufficient for adults under the Brown and Gillespie criteria; however,
the child interval remains more stringent. The pedestrian street is closer to meeting child criteria, while the water
plaza remains the largest remaining warm-side residual even with the most substantial gross reduction.

4.4. Residual closure and design action

The residual closure value indicates what percentage of the gross violation has been mitigated. In the case of the
water plaza, the Brown and Gillespie heat residual dropped from 197 W m~2 down to 19 W m~2, resulting in 90.4%
closure. When applying the child interval, the heat residual dropped from 207 W m~2 to 29 W m~2, resulting in
86.0% closure. The amphitheater completely closes on the Brown and Gillespie criteria, leaving only a 6 W m~2
heat residual for the children. The pedestrian street achieves complete closure on the Brown and Gillespie criteria,
leaving just 2 W m~2 for the child interval.

Table 5. Residual closure and design need.

Occupied zone Interpretation Initial residual ~ Final residual ~ Design reading

Water plaza Kenny et al. 97 heat 0 Neutralized under broad adult limits.

Water plaza Brown and Gillespie 197 heat 19 heat Large closure but additional adult heat
reduction remains.

Water plaza Children 207 heat 29 heat Largest final child residual; shade and
mist reliability remain critical.

Amphitheater Brown and Gillespie 97 heat 0 Adult sufficiency reached for seated
use.

Amphitheater Children 107 heat 6 heat Small residual remains at seating and
waiting edges.

Pedestrian street Brown and Gillespie 99 heat 0 Adult route sufficiency reached.

Pedestrian street Children 109 heat 2 heat Near child sufficiency; continuity

refinements are likely decisive.
Winter green patch ~ Kenny et al. 81 cold 35 cold Partial cold-side correction under
broad adult limits.

Winter green patch ~ Brown and Gillespie 51 cold 5 cold Near adult cold-side sufficiency with
calibrated shelter.

The residual values in Table 5 give a more precise design reading than the raw COMFA transitions. The water
plaza is not weak; it is the strongest cooling zone but begins with the largest heat-side excess. The pedestrian street
is the clearest near-completion case because only 2 W m~2 remains under the child interval. The winter green
patch is a shelter problem rather than a cooling problem, so its remaining need should be addressed through wind
permeability and solar access rather than additional mist or shade.

Landscape Architecture 2023, 113(3), 107-120 doi: 10.70517/1a20231133-07


https://doi.org/10.70517/la20231133-07

Boundary-Resolved Thermal Sufficiency of Occupied Zones 116 of 120

(c¢) Pedestrian street (d) Winter green patch

Figure 7. Residual design actions.

The action views in Fig. 7 translate the final residuals into different design priorities. The water plaza needs denser
shade and dependable mist near occupied edges. The amphitheater needs shaded seating and waiting protection.
The pedestrian street needs uninterrupted route shade because its child residual is nearly closed. The winter green
patch requires permeable shelter, not stronger cooling, because its remaining problem is cold-side exposure.

(a) Water plaza (b) Amphitheater (c¢) Pedestrian street (d) Winter green patch

Figure 8. Residual correction set.

The last residual set in Fig. 8 represents the graphically synthesized results. Each of its four panels shows the
non-uniformity of the residual design task. Much of the additional work should go into improving the water plaza
under the child-sensitive regime; targeted shading of the amphitheater needs to be done on edges where seats are
located; the pedestrian street is almost complete for children; and wind shelter is required for the winter green patch,
but not additional cooling devices for hot summers.

5. Discussion

5.1. Final sufficiency vs. gross COMFA reduction

First, the results indicate the difference between gross COMFA reduction and final thermal sufficiency. The gross
reduction is 178 W m~? for the water plaza, thus making it the largest intervention by absolute value and the best
solution for a summer heat wave. RTSA interprets this differently: the initial value of 178 + (=79) W m~2 = 99 W
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m~2 is still greater than the Brown and Gillespie adult threshold value by 19 W m~2 and higher than the child upper
limit by 29 W m~2. Meanwhile, the amphitheater and pedestrian street interventions have a COMFA reduction of
101 and 107 W m~2, respectively, but both reach sufficiency under the adult Brown and Gillespie neutral interval
because the gross initial values are closer to the adult limit.

This distinction is critical to design review and planning in hot-deserts. An architectural project might achieve
substantial thermal benefits and still leave a popular location with a high density of usage outside of the neutral
range for adults and/or children. Alternatively, moderate changes might bring the location inside the relevant neutral
interval and therefore be highly valuable. The key evidence in such situations is the final residual distance, not
simply the gross reduction in energy.

5.2. Thermal pathways and radiation

Second, the findings demonstrate why temperature is not sufficient as the primary indicator. Even though the
0.67 °C average decrease may seem insignificant, the corresponding change in the radiation and wind is much more
relevant to the energy balance described in COMFA. This is supported by previous research, which has shown
that the mean radiant temperature and shade are crucial factors contributing to outdoor thermal comfort on warm
days [10, 18, 24]. This is also consistent with studies demonstrating that local cooling and shading effects often
outweigh the importance of uniform site-scale air temperature decrease in green and blue infrastructure design
(4,17, 19, 22, 26].

Hence, it should be recognized that the reduction in site-scale air temperature in the El Paso deck-park case does
not mean that the cooling effect is marginal or negligible. Rather, there is a specific change in the pathway to the
thermal sensation, involving the radiation and wind. RTSA evaluates this change based on the locations where
people spend time on the deck: sit down, walk through the site, wait for transportation, and use other facilities. The
site-scale analysis is less relevant to this case because of practical constraints: it is unrealistic to cool the whole site
uniformly.

5.3. Adult versus child thresholds and design implications

Third, the results show that adult and child thresholds significantly affect the conclusion about sufficiency. All
three summer zones remain warm under child-neutral interpretation, despite being within Brown and Gillespie
adult neutral intervals. Specifically, the residual energy of heat side is reduced by 29 W m~2 in the water plaza, 6
W m~2 in the amphitheater, and 2 W m~2 in the pedestrian street. These numbers clearly indicate that a general
recommendation cannot be formulated, and further design efforts should be made towards reducing the heat residual
in a certain order of priority: the water plaza first, followed by the amphitheater seating edge and shade continuity
on the pedestrian street.

The reason is the sensitivity of the water plaza area to prolonged and intensive activity among children and
adults together, while the amphitheater seating area is associated with long-term staying in the same spot during
performances, games, and conversations. Hence, both heat residuals need additional reduction for safety reasons.
For instance, additional shade and mist in the water plaza would be helpful.

5.4. Heat side versus cold side in seasonal settings

Finally, the results demonstrate that the winter green patch is also a relevant location requiring additional design
attention. The COMFA change of the zone leads to a positive effect (=101 to =55 W m~2) because the initial value
lies below the lower adult limit. The Brown and Gillespie adult residual changes from 51 W m~2 to 5 W m~2,
reaching 90.2% closure of the violation. This indicates the importance of a different seasonal strategy that involves
thermal protection against cold winds and convective losses.

It should be noted that the seasonality affects the interpretation of vertical elements’ function: a solid fence can
create excessive shelter during a hot summer day and prevent proper ventilation. Instead, wind-calibrated walls
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and tree rows can reduce the impact of the winds in winter and preserve some ventilation in summer. The design
requirement is therefore precise calibration of wind protection.

In particular, the winter green patch must be well-protected against cold-side air movement, but not excessively
isolated. This way, the nearby routes to the thermally comfortable areas will retain the advantage of ventilation.

5.5. Design implication and recommendations for future projects

RTSA can become an effective tool of thermal design review since it is based on available quantities: initial and
final COMFA and neutral interval. In addition to the conventional thermal design evidence, the proposed method
provides more accurate information about the nature of residual violation and the type of action needed next: shade,
mist, surface cooling, heat or wind shelter, etc.

Specifically, for the deck park projects, the method can be useful due to budget limitations: large trees may not
fit structural constraints, mist systems require operation, cool surface materials produce glare and are difficult to
maintain, and wind screens may block ventilation. In such cases, thermal evaluation helps designers focus their
attention on those areas that require more shade and sheltering: water plaza, amphitheater edges, and pedestrian
streets.

The most urgent task is therefore the water plaza, which requires additional shading and mist system installation
because of the highest child-sensitivity risk. In addition, the amphitheater edges need targeted shading, and
continuous shade along the pedestrian streets should be completed. Finally, the wind shelter around the winter
green patch should be installed to filter the cold winds.

6. Conclusions

This paper has identified which occupied zones of a hot-desert freeway deck park meet the thermal sufficiency
criteria following design interventions, which zones remain outside the adult and child neutral intervals, and what
design actions are necessary. As has been discussed previously, the answer to the question depends heavily on adult
and child thresholds. Only the amphitheater and pedestrian streets reach adult sufficiency, but the water plaza and
winter green patch zones are still thermally uncomfortable even after cooling interventions.

Under the child-neutral interval criteria, the situation looks slightly differently: the residual values for all summer
zones remain significant. Still, they differ significantly by magnitude: the water plaza requires residual correction
of 29 W m~2, the amphitheater — 6 W m~2, and the pedestrian street has only 2 W m~2 left to be reduced. On the
contrary, the winter green patch improves due to increased COMFA from —101 to —55 W m~2, resulting in 90.2%
closure of the Brown and Gillespie adult cold-side residual.

The major conclusion of the paper is the significance of residual sufficiency as the key design evidence. Under
gross COMFA reduction criteria, the water plaza would be the best solution. However, the final value suggests that
it remains a problematic case due to excessive residual heat energy. The pedestrian street is close to completion of
residual design in terms of children safety, whereas the amphitheater requires additional protection for seated and
waiting individuals.

Thus, the design action for the current example includes concentrated installation of dense shade and reliable mist
at the water plaza; targeted design measures for the amphitheater edges; uninterrupted shade continuity on the
pedestrian streets; and wind-permeable shelter around the winter green patch.
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