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Abstract: Oases throughout the world have become important ecosystems to replenish food and
water supplies. The Saharan Oases exist above the largest underground water supplies in the World.
In North Africa, oases witness significantly growing populations in the oasis towns and receive
thousands of tourists yearly. In oasis settlements, the majority of the population spends most of the
time outdoors, in extremely hot conditions; however, few studies have investigated urban outdoor
thermal comfort conditions. Therefore, this study aimed to assess thermal comfort in the Tolga Oasis
Complex and test the validity of the ‘oasis effect’ concept. The methodology is based on comparative
field measurement and calculation approaches in the heart of Tolga Palm Grove and in different
urban settlements. Results indicate highest heat stress levels (Physiologically Equivalent
Temperature (PET) index) in the oases Palm Grove in July, PET = 41.7 °C, and urban settlements,
PET = 40.9 °C. Despite the significant difference between the old and new settlement fabrics, our
measurements and calculation did not identify any noticeable variation of thermal comfort. Thus,
the oasis effect on the outdoor thermal comfort was insignificant (during July and August 2018).
Finally, the study discusses ways to improve outdoor spaces design and relieve heat stress in the
settlements of Tolga.

Keywords: urban form; sky view factor; heat stress; oasis effect; physiologically equivalent
temperature; RayMan

1. Introduction

The African Sahara oases are increasingly urbanized, and their future will not be shaped in the
surrounding desert but in the dense vibrant palm groves of Ghardaia (Algeria), Siwa (Egypt), Awjila
(Libya), Tafilalt, (Morroco), Timia (Niger), and Tozeur (Tunisia). An oasis is the combination of a
human settlement and a cultivated area in a desert or semi-desert environment [1]. The oasis is also
a socio-spatial settlement in the middle of the desert, with a cultural identity characteristic to a
particular human settlement [2]. Urban settlements around oases are growing increasingly, with
enormous implications on cooling energy needs, lifestyle, tourism, economy, governance and public
services—as well as rising risks if urban growth is poorly managed. According to the World Bank,
urbanization and climate change are the two most important transformations the Saharan oases will
undergo this century [3,4]. In the same time, the outdoor environment is deteriorating in many oases
settlements, where most of human activities take place [5]. People cannot find shade in the middle of
the day and excessive heat build-up during the day results in shifting the human activities to the
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night and halting any economic activity during summer. The influence of heat stress limits
productivity and forces a large part of oasis population to migrate to cooler areas during the summer,
replicating the older tradition of nomadism in a modern way. Every summer, across the Saharan
desert oases, several families leave their home seeking cooler cities, in their countries. However, this
modern seasonal nomadism, which is mainly due to heat stress, is not sustainable and many families
find it more and more difficult to maintain [6]. Therefore, there is a need to assess the outdoor thermal
comfort in oases settlements and investigate the means to provide livable urban environments for
their inhabitants [7]. In this study, we investigated outdoor urban comfort in an oasis defined as a
fertile spot in a desert, where water is found with more than 500,000 date palm trees. The scale of our
study and its findings confirm the need to define oases and their thermal oasis effects. The research
questions corresponding to the research objective are:

e What are the outdoor thermal comfort conditions in oases settlements during summer?

e How far is the oasis effect beneficial for improving thermal comfort conditions in oases
settlements during summer?

e How to improve outdoor spaces design and relieve heat stress in the urban oasis Complex of
Tolga, one of the largest oasis complexes of the Saharan Desert in North Africa and Algeria?

Our comparative approach allowed answering the questions above and testing several
assumptions and refuting the presence of the ‘oasis effect’ during the months of July and August. The
study shows a common similarity of the heat stress levels (PET index) in the oases settlements fabrics
and Palm Grove in August 2018: A PET urban fabric.August= 36.3 °C; A PET paim grove.August= 36.2 °C. The heat
stress level (PET index), evaluated in July, is slightly higher in the Palm Grove than in the oases
settlements fabrics: A PET paim grovejuly = 41.7 °C; A PET uban fabricjuty = 40.9 °C. However, our study
measurements are limited to daytime hours and should be extended to cover nighttime hours and
other seasons of the year. The ‘oasis effect’ might be present in other climatic conditions and under
other humidity, solar radiation and temperature thresholds.

In this paper, we present the results of a research that was designed to assess thermal comfort
in four oases settlements in Tolga Oasis Complex and compare it with thermal comfort in a palm
grove. More specifically, the study tested the validity of the ‘oasis effect’ following a comparative
field measurement and calculation approach.

2. Literature Review

Several studies investigated outdoor thermal comfort in hot arid climates [8,9]. Venhari et al.
(2019) investigated the correlation between the physiological equivalent temperature (PET) which is
defined as the air temperature at which, in a typical indoor setting (without wind and solar radiation),
the energy budget of human body is balanced with the same core and skin temperature as under the
complex outdoor conditions to be assessed (Mayer and Hoppe 1987, Hoppe 1999, Matzarakis et al.
1999); The mean radiant temperature (Tmrt) represents an equivalent temperature, that summarizes
the effect of all the different short and longwave radiation fluxes, and the sky view factor (SVF) which
is the fraction of visible sky, seen from certain point in Isfahan, Iran [10]. Bigaraz et al. (2019)
compared the outdoor thermal comfort in historical and contemporary urban fabrics of Lar, Iran [11].
Potchter et al. (2013) studies combined effect of urban warming and global warming in the desert city
of Beer Sheva (Israel) and proved their noticeable impact using the PET and Discomfort Index (DI)
[12]. Some years later Cohen et al. (2019) assessed the urban outdoor perception in the same city and
suggested modified PET ranges between 17 °C and 26 °C (arid climate) which is wider than
Mediterranean and hot, humid climates [13]. In Cairo, Egypt, Elnabawi et al. (2016) evaluated the
thermal perception of outdoor urban spaces and indicated that the preferred temperatures were 29
°C PET in summer and 24.5 °C PET in winter [14]. In Ghardaia, Algeria, Ali-Toudert et al. (2006)
assessed the outdoor thermal comfort in relation to the urban street canyon aspect ratio and
orientation [15]. Similarly, Johanssen et al. (2006) investigated the influence of urban geometry on
outdoor thermal comfort in Fez, Morroco [16]. More specifically Zhao et al. (2018) investigated the
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effect of tree locations and arrangement on outdoor microclimate and Middel et al. (2016)
investigated the effect shade in Arizona, USA [17,18].

The most common index used among the above listed studies is the PET [19]. The study of
Potchter et al. (2018) demonstrated that out of 165 human thermal indices that have been developed,
only four (PET, PMV, UTCI, SET*) are widely in use for outdoor thermal perception studies for
different climates [20]. Additionally, Binarti et al. (2020) confirmed the frequent use of PET in most
review studies. They reviewed the frequently used outdoor thermal comfort indices in hot-humid
regions and neutral thermal ranges including PET, mPET, UTCI, SET*, and OUT_SET* [21].
Furthermore, Hirashima et al. (2018) indicated the importance of comparing thermal comfort in
different climate regions and calibrating the PET index scale [22]. Roshan et al. (2017 and 2019) shared
the same recommendation in their studies to estimate the different outdoor ranges and sensation
scales in different regions in Iran [23,24]. Moreover, the study of Matzarakis et al. (2007) confirmed
that the most important meteorological parameter affecting the human energy balance during sunny
weather conditions is the mean radiant temperature (Tmrt) [25]. With the help of the RayMan model
only a limited number of meteorological and other input data can be used to calculate radiation flux
densities, sunshine duration, shadow spaces and thermo-physiologically relevant assessment indices
[6].

Despite the advancement of methods and means to assess outdoor thermal comfort in hot
climates, so far, only limited attention has been paid to outdoor comfort in oases settlements [26].

Saaroni et al. (2004) examined the ‘oasis effect’ which refers to the phenomenon of the cooling
effect caused by vegetation, in a new rural farm settlement within the Negev Desert [27,28]. Similarly,
Potchter et al. (2008) examined the ‘oasis effect’ and its diurnal dynamics in a rural settlement in
Southern Israel [29]. But both studies investigated the oasis effect in urban small settlements
compared to the North African oases settlements. Thus, the scope of those studies and the scale of
the investigated Israeli oasis settlements do not correspond to the nature and scale of the oases in
North Africa. In the same time, the studies that investigated the outdoor thermal comfort in North
Africa’s Oases are limited. In a study dedicated to assess the vegetation effect on the formation of an
‘oasis cool island” Boudjellal et al. (2018) aimed to quantify the oasis cooling effect on two urban
settlements [30]. The study was based on remotely sensed data. Rchid et al. (2012), examined the
influence of palm groves during summer on microclimate in Ghardaia, Algeria and measured only
air temperature as the only meteorological variable [31]. In Tunisia, Sellami et al. (1998) measured the
global radiation and net radiation inside the oasis [32]. However, none of the previous studies
assessed the overall outdoor urban comfort in oases urban settlements. On the other hand, the most
relevant study that we found in literature, is the study of Ali-Toudert et al. (2005) [33]. The study
assessed thermal comfort using the PET index [33]. On-site meteorological measurements were
carried out in the old Saharan city of Beni-Isguen, Algeria (32.40° N). The study investigated the
effectiveness of traditional design solutions in ensuring comfortable outdoor conditions but did not
address the ‘oasis effect’. This study is almost the only study that focused on large scale oasis in the
Sahara.

The type of findings presented above, contribute to the controversial reputation of thermal oases
effects, which may be one of the reasons why the cooling potential of such landscape strategy is
largely unused in practice [7]. Considering this overview of literature, it is clear that there is a need
for continuous measurements to establish the dependence between air temperature and the urban
fabrics in oasis settlements.

3. Methodology

In this research, three methods were used comprising a literature review, field measurements
and modeling. In order to assess the oasis effect on the outdoor thermal comfort we followed an
empirical methodological approach. Figure 1 illustrates the major methodological stages from data
collection to data processing and modeling until the final step of output visualization. The following
subsections explain in detail the methodology.
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Figure 1. Conceptual study framework.

3.1. Literature Review

A literature review is conducted including recent publications that aimed to assess outdoor
thermal comfort in desert regions worldwide. The publications include scientific manuscripts that
focus on the thermal effects of oasis in desert climates. Our initial Scopus and Web of Science research
resulted in more than 40 publications. To narrow and concentrate the scope of our study, the
publications are under three categories: outdoor thermal comfort in hot climate, outdoor thermal
comfort assessment methods, oasis urban climate. In addition, recent studies conducted in Algeria,
are reviewed to improve our knowledge uptake regarding the local context. The results of the
literature review are presented in Section 2.

3.2. Field Studies

The context of this study is a complex of oasis settlements in Biskra Province, situated in the
South of Algeria. The study area is Tolga city (34° 43’ 00” N and 5° 23’ 0" E) positioned within a six
oasis Complex, situated at elevation 147 m above sea level and located in south-east Algeria, 363 km
south of the capital Algiers. Tolga city is located at an altitude of 87 m in the northern part of the
Sahara Desert. The Oasis Complex has a population of 150,036 according to the census of 2017. The
study area has a hot arid climate (Koppen BWh) with a variation between summer and winter
temperatures. In an average for a period of 30 years (1987-2017) the warmest month is July with an
average of 34.6 °C and the coldest is January with average of 11.8 °C. According to the meteorological
station WMO 605265, the highest temperature registered in the last decade is 46.8 °C in July and the
lowest is 3.0 °C in January. The monthly average of sunshine duration between 2007 and 2017 is 268
h/month, with 358 h/month in July (WMO 605265). Thus, the highest global radiation is taken in July
with 246 Kw/m?2. Tolga Oasis Complex does not have a heavy rainfall. The average rainfall is 126 mm
millimeters yearly. Tolga is well-known internationally for high-quality dates (Deglet Nour) with a
production of 1,356,202 quinto of dates in 2017. It has more than 1,006,600 date palm trees. The study
context is considered as one of the largest oasis Complex of the Saharan Desert in North Africa [6].
In this study, two municipalities related to the urban oasis Complex of Tolga territory are selected,
namely Tolga and Lichana.

3.2.1. Site’s Selection Criteria

Overall, five sites are selected to conduct a measurement campaign in order to assess outdoor
thermal comfort and investigate the oasis effect on urban climate. The selection of the five sites is
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based on four main criteria: (i) level of vegetation and oases settlement fabric [10,34], (ii) the age of
the oases settlement fabric [16], (iii) the size of the built-up settlement, and (iv) the relation between
the built-up settlement and the Palm Grove. The differences between the old and new urban fabrics
are mainly related to the urban form and the connection with palm grove. Most of old oasis
settlements have an irregular urban form and close to the palm grove (<100 m). Thus, the urban
density is high (<15 ha), streets are narrow (<4 m). In contrary, the new oasis settlements have regular
urban form, far from the Palm Grove (>1000 m), with a large built area (>20 ha). The urban
characteristics of the old settlements (Old Lichana, Old Tolga, and Old Farfar) are showed on the
irregular urban form, streets are between 2.20-4.00 m, and occupancy of built-up area is around 0.80.
Building materials are generally with local materials (stone, lime, and palm trunk), no asphalt inside
streets. Old settlements are closer to the palm grove than the new ones (<100 m). In the other hand,
the new settlements (New Tolga Downtown), the urban form has a regular geometry, streets are
wider >3.20, urban occupancy is <0.60, and farther from the palm grove (>1000 m). Thus, the housing
materials are modern; houses are built on brick, concrete, with a reflective color. Inside the most of
the new settlements we can see some little green areas: grass, Ficus rubiginosa. We would like to
confirm that the site’s urban morphological details are more explained in the Table 1.

After applying all these criteria, on the Oasis Complex of Tolga, five different oases settlements
are identified as case studies: (1) Old Tolga, (2) Old Lichana, (3) New Tolga Downtown, (4) Old Farfar,
and (5) a Palm Grove, as a reference point (Figure 2). Appendix A provides further details on the
study site.

Source: Agence Nationale d'’Aménagement du Territoire ANAT
Author: Mchamed Elhadi MATALLAH
Date: 01/20/2020

Figure 2. Map of the selected sites in Tolga oasis Complex.

To assess the oasis effect, measurement of several outdoor climate parameters was done
simultaneously together with fish-eye images. In total, twelve measurement points were selected:

e  Three points in Old Lichana (1, 2, 3),

e Three points in Old Tolga (4, 5, 6),

e Three points in New Tolga Downtown (7, 8, 9),
. Two points in Old Farfar (10, 11), and

e A reference point, inside the Palm Grove (12).
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Table 1. Morphological characteristics of sites and measurement points in Tolga Oasis Complex, July

and August 2018.
. Area . Street Width of Height of the
Sites (ha) Location  SVF Direction Streets (m) Stiets (m)
1 0.02 E-W 2.20 3.20
Old Lichana 4.20 2 0.07 E-W 3.70 3.50
3 0.27 N-S 3.50 5.75
4 0.32 N-S 3.40 3.70
Old Tolga 14 5 0.18 E-W 3.15 7.10
6 0.56 N-S 4.00 3.00
New Tolga 7 0.39 E-W 3.20 6.40
Downtown 22 8 0.42 N-S 3.90 6.40
9 0.67 - - -
10 0.05 N-S 2.30 3.10
Old Farfar 250 11 0.34 E-W 2.75 6.20
Palm Grove - 12 0.37 - - -

3.2.2. Meteorological Measurements and Fish-Eye Images

The parameters measured during the study are: air temperature (Ta), relative humidity (Ru), air
velocity (Va), and surface temperature (Ts). The measurements were taken using the Testo 480
measurement station (Figure 4), which is a reliable and validated instrument for data acquisition
(Table 2) [35]. The sensors were kept at 1.40 m height from the ground to avoid the effect of surface
contact [33]. The fish-eye images are picked by using Canon EOS 6D camera (Table 2) at each
measurement point (Figure 3). The fish-eye images took the degree of the opening to sky inside the
street, in consideration. The camera was oriented to the sky (Figure 4). To calculate the SVF in
RayMan the images were treated by the software.

Figure 3. Fish-eye images of 12 studied points: (1, 2, 3) Old Lichana; (4, 5, 6) Old Tolga; (7, 8, 9) New
Tolga Downtown; (10, 11) Old Farfar; (12) Palm Grove.
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Table 2. Instruments used for the data measurement.

Meteorological Data Parameters

Variable Device Probe Reference  Unit  Accuracy Method of Storage
Air temperature Testo 480 120 .
°C +0.5°C Automat
(Ta) 0563 4800 0636 9743 * utomatic
Relative humidity 12 o .
- o +1.0% Automat
(Ru) 0636 9743 i +1.0% utomatic
. . Helix 100 ® mm .
Wind velocity (Va) - 0635 9343 m/s +0.1 m/s Automatic
Surface 12 ® (200 mm) .
- ° +0.5 ° Aut t
temperature (Ts) 0635 1543 c H0.5°C utomatic
Fish-eye images parameters
Camera Focal length Resolution Dimensions Colors representation
Canon EOS 6D 8 mm 72 ppp 5472 x 3648 sRGB

(@ (b)

Figure 4. Instruments used for the study fields: (a) meteorological station, (b) fish-eye camera.

The meteorological measurements which are: air temperature, relative humidity, wind velocity
also to the surface temperature, this one is necessary to calculate Tmrt. The measurements are
performed between July, 20th to 29th (except 27th) and August, 10th to 17th, 2018, which represent
the hottest period of the year. This period was selected to estimate the impact of the oasis effect on
the outdoor thermal comfort during extreme hot days of the year, which is the main aim of this study.
The measurements were taken at 05:00 a.m., 09:00 a.m., 01:00 p.m., 05:00 p.m., and 09:00 p.m.
following the study of (Sebti et al., 2013) in Ouargla city in the South of Algeria [36].

3.3. Modeling Process (RayMan Model)

RayMan Pro 3.1 Beta software is a micro-scale model developed for environmental meteorology
[25,37]. The program is used to calculate the mean radiant temperature (Tmrt) and Physiologically
Equivalent Temperature (PET) thermal comfort index at the twelve studied points. GIMP 2.10 (GNU
Image Manipulation Program) developed for the image’s manipulation, is used for processing of the
fish-eye images, which are modelled on a square shape. For the SVF calculation it's necessary to
process the fish-eye image with the GIMP on square shape with high resolution (300 dpi) and transfer
it into the RayMan software. All the studied meteorological and fish-eye images are inserted in
RayMan model (Input data) to calculate Tmrt, PET, and SVF indices (Table 3). PET and SVF values
are performed in RayMan output data tables. Simultaneously, to the meteorological measurements
and fish-eye images, other geographical data is used in this study as: longitude (°E) 4°56’, the latitude
(°N) 34°38’, the altitude (m) 147, and the time zone (UTC + h) 1.0. The RayMan output data are
visualized in tables (data tables).
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Table 3. Summary of meteorological data input in RayMan.

. . New Tolga Palm
Mete(];r:tl:gxcal Unit Month Old Lichana Old Tolga Downtown Old Farfar Grove
1 2 3 4 5 6 7 8 9 10 11 12
Ta05:00 A.M. 307 318 318 30 302 298 309 308 30 353 353 29.2
Ta09:00 A.M. 348 36 396 34 338 36 325 344 336 375 375 37
Ta01:00 P.M. °C July 40.1 424 459 419 392 406 387 376 395 414 415 43.9
Ta05:00 P.M. 423 43 439 424 402 408 382 388 39 422 428 39.8
Ta09:00 P.M. 36.6 382 381 337 345 346 355 353 349 389 39.1 34.4
Ta05:00 AM. 281 284 276 278 269 278 303 284 286 281 277 27.2
Ta09:00 A.M. 31.7 322 331 315 303 317 337 322 328 308 306 33.1
Ta01:00 P.M. °C  August 35 358 362 341 326 352 382 40 387 344 343 33.8
Ta05:00 P.M. 336 341 346 331 33 345 395 393 393 317 311 33.4
Ta09:00 P.M. 30 308 303 292 291 301 346 35 341 297 294 28.8
Ru05:00 A.M. 354 332 298 328 307 296 269 274 284 205 217 45.8
Ru09:00 A.M. 323 30 22 269 266 249 331 312 316 195 20 33.9
Ru01:00 P.M. % July 209 182 152 176 196 19 234 232 232 163 162 214
Ru05:00 P.M. 199 17 144 178 186 214 206 209 203 145 14 35.8
R 09:00 P.M. 228 201 191 287 265 239 24 247 247 17 168 359
Ru05:00 A.M. 553 539 57 485 502 507 42 471 464 573 594 60.8
Ru09:00 A.M. 478 471 454 518 533 508 365 382 381 544 531 473
Ru01:00 P.M. %  August 39 364 368 427 468 413 248 23 242 387 364 454
Ru05:00 P.M. 40.8 412 403 413 438 411 183 179 184 331 367 48.4
R 09:00 P.M. 521 492 498 489 477 444 289 291 301 409 43.1 60.1
Va05:00 A.M. 075 065 00 020 11 00 115 135 04 07 02 0.0
Va 09:00 AM. 095 08 05 09 17 04 08 08 045 225 025 0.55
Va01:00 P.M. m/s July 045 03 15 08 065 04 115 13 04 05 00 0.15
Va 05:00 P.M. 025 000 00 00 015 00 08 11 05 00 00 0.0
Va 09:00 P.M. 025 04 00 075 055 05 00 08 02 1.0 07 0.0
Va 05:00 A.M. 065 095 06 03 05 03 065 045 025 0.0 00 0.35
Va09:00 A M. 12 02 045 06 06 05 09 165 05 02 025 0.7
Va 01:00 P.M. m/s August 065 02 02 07 13 05 13 155 04 105 035 0.25
Va 05:00 P.M. 04 03 02 075 025 00 13 195 025 09 055 0.6
Va 09:00 P.M. 075 04 06 025 045 00 055 08 025 02 025 0.0
Ts 05:00 A.M. 328 332 33 313 323 306 324 313 32 359 355 32.5
Ts 09:00 A.M. 347 36 38 331 333 353 32 344 319 364 368 34.5
Ts 01:00 P.M. °C July 39.1 409 459 427 374 434 381 407 375 386 398 38.8
Ts 05:00 P.M. 404 427 439 421 392 407 406 395 40 394 409 40
Ts 09:00 P.M. 38 389 381 358 354 359 359 353 355 386 386 379
Ts 05:00 A.M. 29 298 28 283 284 293 304 293 313 286 281 30
Ts 09:00 A.M. 312 318 337 324 311 33 317 317 32 297 30 31
Ts 01:00 P.M. °C  August 339 35 37 344 305 374 363 397 36 32 327 334
Ts 05:00 P.M. 329 339 35 356 324 38 437 39 39 311 308 30.2
Ts 09:00 P.M. 305 31.6 311 304 292 31 35 348 342 303 303 29.5

In the study measurements, we should mention that the air temperature extremes, are taken at
1:00 p.m., with Tair maxJuy = 45.9°C and Tair max-august= 40.4 °C. Thus, daily means are ATairjuy= 37 °C and
ATair-august = 33.3 °C. Moreover, the relative humidity values were swept between Hr max= 64.8% in
August in the point (12) inside the Palm Grove, and Hrmin=13.1% in July in the point (10).

4. Results

4.1. SVF and Thermal Comfort Levels Assessment Heat Stress Level’s Assessment

The assessment of PET shows that during the studied period there are five different thermal
comfort zones (Table 4): Neutral, slightly warm, warm, hot, and very hot. PET ranges were based on
the study of (Cohen et al., 2019) in arid climate (BWh) (Table 5). Results show an increase in the PET
values during the daytime and after sunrise until sunset, in all measurement points. The assessment
of PET, shows a peak zone over 42 °C at the daylight hours (from 9:00 a.m. to 5:00 p.m.) causing an
extreme heat stress (Table 4). Minimum values of PET (<26 °C), representing the neutral zone, were
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obtained in the Palm Grove at 5:00 a.m. in August (point 12). Results demonstrate a close similarity
of heat stress levels in almost all measurement points during July and August at daylight hours.

Table 4. Assessment of the outdoor thermal comfort level stress via PET index in the five study cases
between July and August.

Measurement PET 9:00 PET 1:00 PET 5:00 PET 9:00
C . . PET 5:00 a.m.
District Point a.m. p-m. p.m. p-m.

August Jul

July August July August Jul August July August

1 30 273 1399 385 37.8 36.7 293
Old Lichana 2 31.5 27.4 415 387 382 313
3 31.3 26.4 39.1 419 374 292
4 28.8 26.7 38.6 36.7 375 328 283
Old Tolga 5 28.8 26.1 (402 353 405 338 28
6 27.6 262 (415 373 327 284
New Tolea 7 28.9 284 403 40.1 33.9 332
Do ntov%n 8 28.3 26.6 35.7 33.8 335
W 9 281 267 411 3 32
10 35.1 28.4 36.5 385 29.8
©ld Farfar 11 339 269 . 39.8 379 382 28
Palm Grove 12 28.8 25.7 34 27.8
17-26 26-28 28-37 37-42
Thermal Neutral Slightly warm Warm Hot Very hot
comfort
stress level No thermal Slight heat Moderate heat Strong heat Extreme heat
stress stress stress stress stress

Table 5. The original (Physiologically Equivalent Temperature) PET scale for Middle/Western Europe
(Ctb) and the adjusted PET scale for Beer Sheva in Israel (BWh). Sources: @ [19], ®[13].

Mid/West Europe Beer Sheva, Israel

Thermal Sensation 1996 @ 2019 ®
Cfb BWh

Very Cold 4 6
Cold 8 8
Cool 13 13
Slightly Cool 18 17
Neutral 23 26
Slightly Warm 29 28
Warm 35 37
Hot 41 42
Very Hot - -

4.2. PET and Tmrt Values Assessment at the Measurement Points

(a) PET values assessment

The assessment of PET in July and August, shows that the July averages are higher than August
during the daytime in all the measurement points (Figure 5) with PETavejuly=41 °C, PETave August = 36.2
°C. This decrease in August is mainly due to the wind velocity, which influence the level of the heat
stress. PET values were similar in the three measurement points (7, 8, 9) of the downtown 11
December neighborhood (Table 1) between July and August during the entire daytime where
PETavejuy = 38.8 °C, PETave.august = 38.7 °C. PET values are lower in August than July in most of other
measurement points (1, 2, 3, 4, 5, 6, 10, 11, 12) (Table 1) PETavejuy= 41.8 °C, PETave.August= 35.4 °C.
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PET averages obtained at the points (1, 2, 3, 4, 5, 6, 10, 11, 12) are higher than (7, 8, 9) points in
July and lower in August (Figure 5). The highest value of PET, in July, was observed at the (3) point
of the Old Lichana, with a PETmax = 55.1 °C at 1:00 p.m. The point (9) in the downtown 11 December
neighbourhood, showed the highest value in August with PETmax = 50.6 °C at 1:00 p.m. The lowest
value PETmin = 27.6 °C was obtained at the point (6) in Old Tolga at 5:00 a.m. in July. The PETmin =25.7
°C in August was calculated at 5:00 a.m. at the point (12) inside the Palm grove.

(b) Tmrt values assessment

The Tmrt values are very sensitive to the solar time (Figure 5), their values were too close to the
air temperature (Ta) at 5:00 a.m., and 9:00 p.m. Otherwise, Tmrt values increase in the daytime (9:00
a.m., 1:00 p.m., 5:00 p.m.). The highest value of Tmrt in July was observed at the point (3), with a
Tmrtmax =61.0 °C at 1:00 p.m. The point (9), shows the highest value in August with Tmrtmax = 60.3 °C
at 1:00 p.m.

The lowest value of Tmrtmin = 25.5 °C was obtained at the point (6) at 5:00 a.m. in July. As well
as the Tmrtmin = 24.4 °C in August was taken at 5:00 a.m. at the point (6) and (12) point inside the Palm
Grove. The (1, 2 and 10) points in old Lichana and old Farfar respectively representing the lowest
SVF (<0.1) shows a high Tmrt levels in July all the day, compared to the other points. Tmrt averages
at points (1, 2, 3, 4, 5, 6, 10, 11, 12) were higher than the (7, 8, 9) in July with 45.2 °C, 42.6 °C
respectively. Whereas, they were lower in August with 39.6 °C and 42.7 °C.

4.3. Assessment of PET and Tmrt Depending on the SVF

The assessment of PET and Tmrt depending on the SVF [10,38], is illustrated in the (Figure 6). It
represents two distinguished thermal periods of the day. The first period was observed during
sunrise and sunset time (5:00 a.m. and 9:00 p.m.), and the second period was in daylight hours (9:00
a.m., 1:00 p.m., 5:00 p.m.). PET and Tmrt values were too close in the first period (5:00 a.m. and 9:00
p-m.) (Figure 6) in July and August, the curves were approximately superposed.



Atmosphere 2020, 11, 185

PET (°C)

PET (°C)

S

3

o

60

50

=

n

=

0

60

50

PET (°C)

o

PET (°C)

PET (°C)

@

L

2

S

>

1=}

o

6

@w B o
& ©

n
S

0

o

0

PET values in twelve different points between July and
August at 5:00 am

0,020,050,070,180,270,320,340,370,390,42 0,56 0,67
SVF value

(a)

BPET 5:00 am (July)
OPET 5:00 am (August)

PET values in twelve different points between July and
August at 9:00 am

0,020,050,070,180,270,320,340,370,39 0,42 0,56 0,67
SVF value

(©

PET values in twelve different points between July and
August at 1:00 pm

BPET 1:00 pm (July)
TPET 1:00 pm (August)

0,02 0,05 0,07 0,18 0,27 0,32 0,34 0,37 0,39 0,42 0,56 0,67
SVF value

(e)

PET values in twelve different points between July and
August at 5:00 pm

BPET 5:00 pm (July)
QPET 5:00 pm (August)

0,02 0,05 0,07 0,18 0,27 0,32 0,34 0,37 0,39 0,42 0,56 0,67

SVF value
(9)

PET values in twelve different points between July and
August at 9:00 pm

I

0,020,050,070,180,270,320,340,370,390,420,56 0,67
SVF value

(U}

BPET 9:00 am (July)
OPET 9:00 am (August)

BPET 9:00 pm (July)
OPET 9:00 pm (August)

Tmrt (°C)

Tmrt (°C)

Tmrt (°C)

Tmrt (°C)

Tmrt (°C)

=

=

70

60

o

5

@

»

0

0

0

11 of 18

Tmrt values in twelve different points between July and
August at 5:00 am

I

0,020,050,070,180,270,320,340,370,390,42 0,56 0,67
SVF value

(b)

Tmrt values in twelve different points between July and
August at 9:00 am

BTmrt 9:00 am (July)
aTmrt 9:00 am (August)

0,020,050,070,180,270,320.34 0,37 0,390,42 0,56 0,67
SVF value

(d)

Tmrt values in twelve different points between July and
August at 1:00 pm

0,020,050,070,180,270,320,340,370,390,420,56 0,67
SVF value

®

Tmrt values in twelve different points between July and
August at 5:00 pm

(i

0,020,050,070,180, 27') %.)f' 340,370,390,420,560,67
F value

(h)

Tmrt values in twelve different points between July and
August at 9:00 pm

0,020,050,070,180,270,320,340,370,390,420,56 0,67
SVF value

()

WTmrt 5:00 am (July)
aTmrt 5:00 am (August)

| Tt 1:00 pm (July)
OTmrt 1:00 pm (August)

WTmrt 5:00 pm (July)
aTmrt 5:00 pm (August)

WTmrt 9:00 pm (July)
OTmrt 9:00 pm (August)

Figure 5. Assessment of PET and Tmrt levels in 12 studied points during July and August 2018 at 5:00

a.m., 9:00 a.m., 1:00 p.m., 5:00 p.m., and 9:00 p.m.: (a,c,e,g i) are PET values; (b,d,f h,j) are Tmrt values.

A significant difference, between PET and Tmrt values in the second period (9:00 a.m., 1:00 p.m.,
5:00 p.m.) (Figure 6) was found in July and August, relative likely to the elevation of air temperature
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in this period of the day. Otherwise, the curves were parallel, which means the difference is stable all
the day. The average of dif. value between PET and Tmrt in July and August was negligible in the
first period (Table 6) with A dif. value July = 0.9 °C and A dif. value August =-0.75 °C. The average
of dif. value between PET and Tmrt was higher in the second zone with A dif. value July = 6.71 °C
and A dif. value July =7.56 °C (Table 6). No significant impact is observed of the SVF values on the
PET and Tmrt variations all the day in July and August.

Table 6. Difference values between PET and Tmrt between July and August 2018.

PET. Tmrt Difference’s dif 5:00 am. dif 9:00 a.m. dif 1:00 p.m. dif 5:00 p.m. dif 9:00 p.m.
Average July August July August July August July August July August
A dif max (°C) 100 08 109 105 900 103 770 820 -020 0.20
A dif min (°C) -210 -1.70 4.60 510 520 740 320 400 -240 230

Average (°C) -063 -081 708 788 714 873 527 608 -120 -1.23




Atmosphere 2020, 11, 185

PET (July) 5:00 am

PET, Tmrt: July - 5:00 am

ET (July) 5:00 am
it

PET (July) 8:00 am

PIYYevy
885258

PET (July) 1:00 pm

PET, Tmet: July - 9:00 am

—— PET (July) 9:00 am
= = Tma (July) 9:00 am

2

Tmrt (July) 9:00 am

Y]

07

0.1

PET, Tmrt: July - 5:00 pm

—— PET (July) 5:00 pm
= = Tmd (July) §:00 pm |

0.7

0.1

0.2 03 0.4 05
SVF

(g)

PET, Tmrt: July - 9:00 pm

0.7

€
&
2
-
=
S
3
= 40r
jm
a
o
g
8
&
=
3
E
]
a

—— PET (July) 800 pm
= = Tmd (July) 9:00 pm |

0.1

02 03 04 05
SVF

(@)

0.7

Tmrt (July) 5:00 am

Tmet (July) 1:00 pm

Tt (July) 5:00 pm

Tmrt (July) 9:00 pm

PET, Tmrt: August - 5:00 am

PET (August) 5:00 am
Tmet (August) 5:00 am
g
&
2
8
-
3
4
<
=
w
a
30 30
28 28
26 26
24 24
" " . L " .
0 0.1 02 03 04 05 08 07
SVF
PET, Tmrt: August - 9:00 am
—— PET (August) 9:00 am
= = Tet (August) 9:00 am
60
5
2N
8 iy 50
& voan o L
b3 v T il e .
7 BEE 20t~ -
- G T ™ N rpe— p— -
g B
<40 40
B
w
a 35
— . S . |
0 0.1 02 03 04 0s 08 07
SVF
PET, Tmrt: August - 1:00 pm
PET (August)
Tt (August)
iiaian -
’ -
8B e =
=48
T 46
2 a4
ES
42
<4
= 38
w
a
€
&
s
S s0
*
B a5
4
< 40
=
W
o 3s
0 0.1 02 03 0.4 05 08 07
SVF
PET, Tmrt: August - 8:00 pm
‘ PET (August) 900 pm
— = Tmn (August) 0:00 pm
E
2
7
g
<
-]

13 of 18

Tmrt (August) 5:00 am

Tmrt (August) 9:00 am

E
&
o
8
w
B
F
2
Ei
<
€
L]
(-

Figure 6. Variations between PET and Tmrt values depending on the SVF during July and August
2018: (a,c,e,g i) are July variations; (b,d,f/h,j) are August variations.
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5. Discussion

The main aim of this study was to assess the outdoor thermal comfort and investigate the oasis
effect in the Tolga Oasis Complex. An investigation and comparison of thermal comfort parameters
and values, in five different locations, took place between July and August 2018.

5.1. Findings

The study shows a common similarity of the heat stress levels (PET index) in the oases
settlements fabrics and Palm Grove in August A PET uban fabric August= 36.3 °C, A PET paim grove August= 36.2
°C. The heat stress level (PET index), evaluated in July, is slightly higher in the Palm Grove than in
the oases settlements fabrics, A PET paim groveJuly = 41.7 °C, A PET wban fabricjuy = 40.9 °C. The difference is
mainly caused by the shading factor, which is higher in the oases settlements fabrics, and slightly due
to the variation of wind velocity between sites, which the A Vair urban fabricjuly = 0.6 m/s, A Vair Paim Grove July
= 0.1 m/s (Table 3). In the same time-peroid, the Palm Grove is more influenced by the increase of
diurnal solar direct radiation A Tmrt urban fabricjuly = 44.5 °C, A Tmrt paim groveJuly = 45.1 °C, which causes a
warming-effect.

Surprisingly, the influence of the urban fabric on the PET was insignificant. Despite the significant
difference between the old and new oases settlement fabrics, our measurements and calculation did
not identify any noticeable variation of urban thermal comfort. We processed the housing materials
(albedo parameters of surroundings) in all the study period additionally to the SVF, which is the
streets level’s opening to the sky. The SVF values indicate that the street is wide or narrow, and how
much the street is shaded or exposed to sun radiation (its ranges are from 0 to 1, where 0 means that
the sky is totally covered by terrain or obstacles, while 1 stands for a free sky). RayMan took all these
parameters to calculate Tmrt, and PET index, which makes it very sensitive to surrounding
conditions (meteorological and thermophysical). RayMan represents current relevant software for
the urban climate assessment. No significant impact of the SVF on the thermal heat stress was found.
More surprisingly, the ‘oasis effect’” on the outdoor thermal comfort was insignificant (during the
study period).

We refer to the insignificant correlation between the PET and SVF in the study period to
illuminate three factors: (a) most of the measurement points are similar to neighborhoods in the Tolga
Oasis Complex content, with air conditioners practically in each house, which participate as heat
sources inside the streets; (b) the building materials used by the inhabitants were not used rationally;
(c) certainly there are a climatic thresholds like air temperature, relative humidity, and wind velocity
thresholds which influence the oasis effect, and have an impact on the thermal stress. The SVF will
be connected to thermal balance (PET) in limited climatic thresholds.

5.2. Strength and Limitations of the Study

The strength of this study is mainly due to its empirical and comparative approach to assess
urban thermal comfort in an oasis Complex. None of the previously published papers compared
urban thermal comfort in a large-scale Palm Grove community, in North Africa. Therefore, this study
provides a quantification of outdoor thermal conditions inside and outside a Palm Grove during
summer, in the arid climate of Algeria. Our findings are limited to the study period and frequency of
measurements; however, it is considered as a following step for the work of Ali-Toudert conducted
in Ghardaia (2007) [15,39]. This study represents a step in the assessment of outdoor thermal comfort
and overheating conditions in a hot arid climate oasis Complex.

Unfortunately, across the reviewed literature there is a large confusion and wrong
understanding of the definition of an oasis, which is essentially associated with lower temperatures
and higher relative humidity [40] regardless of the context. This is mainly due to the lack of a
definition of an oasis. According to literature an oases can be an urban park or even a tiny lawn field
with isolated trees in a rural settlement.
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Furthermore, the overheating in oases settlements is critical to the human body and has a
significant impact on inhabitants” well-being, productivity, and satisfaction. With climate change and
the recurring heat waves, human health in oases settlements can be subject to increases in morbidity
and mortality [41]. Although there is strong evidence linking extreme heat with excesses in mortality,
there is less literature describing the impact on morbidity, including the impacts on specific age
groups in oases communities during heat waves. This study focused on quantifying the physical heat
by measuring and modeling urban thermal comfort during extreme summer climatic conditions. We
hope that our findings can be coupled to epidemiological analysis to estimate the socio-economic
impact of heat stress on oases inhabitant and tourism activities. Our findings indicate the urgency of
providing an integrated outdoor spaces design procedure to relieve heat stress in oases settlements.

5.3. Implication on Practice and Research

This study identified the impact of the oasis on the outdoor thermal comfort during summer in
Tolga Oases Complex. Based on our findings, we advise urban planners and landscape architects to
not overestimate the passive cooling effect of the oasis palm grove. Therefore, urban designers and
city planners should assure shading in public spaces and prepare the outdoor spaces to host people
during extreme heat stress conditions in oases urban settlements. Natural ventilation or increasing
the air flow and providing outdoor shading are an essential design element in oasis urban fabric. The
reflectivity of ground and facade surfaces should be considered too [42]. Glare is another important
aspect that needs to be avoided increasing the satisfaction of people with the perceived temperature.

Future research should focus on investigating outdoor thermal comfort on an annual basis. The
cooling effect might be mostly effective outside the extreme hot summer months. Additionally, the
urban outdoor thermal perception should be investigated through field surveys to assess the local
comfort [43]. The authors are aware that behavioral and psychological adaptations have proven to
have a remarkable impact on thermal perception [44]. This approach can add several
recommendations for developing an adaptive urban oasis model and bioclimatic design
recommendations in oasis zone of Algeria [45].

6. Conclusions

An empirical investigation of thermal comfort in four urban fabrics and an oasis palm grove was
performed and compared between July and August 2018. The monitored data: Ta, Ry, Va, Ts and fish-
eye images were taken in several times in the day. The modeling and calculation was based on three
principal parameters namely, SVF, Tmrt, and PET index with the help of RayMan model. The study
shows a common similarity of heat stress levels (PET index), during daytime in August, between the
oasis urban fabric and palm grove A PET urban fabric August= 36.3 °C, A PET paim grove.august= 36.2 °C. The heat
stress level (PET index) evaluated in July is slightly higher in the palm grove than in the urban fabric
APET urban fabric. July =40.9 °C, APET paim grovejuy=41.7 °C. The difference is related to higher shaded
area in the urban fabric compared to the palm grove. No significant impact of SVF on the thermal
heat stress was found. Additionally, the ‘oasis effect’ on the outdoor thermal comfort was
insignificant (during the study period). Furthermore, PET values are more sensitive at midday due
to high insolation. Finally, all findings and results of this study apply to the summer season,
especially in the warmest months of the year (July and August). Future studies should further
investigate the heat stress level in other seasons and months of the year in urban oasis settlements.
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Appendix A

For the second criterion, the size of built-up space, four different sizes are selected: (a) tiny size,
less than 3.0 ha, (b) small size, between 3.0 ha and 10.0 ha, (c) medium size, between 10.0 ha and 20.0
ha, and finally, (d) large size, over 20.0 ha. The selected oases settlements are reported respectively:
(a) New Tolga Downtown (22 ha), (b) Old Tolga (14 ha), (c) Old Lichana (4.2 ha) and finally, (d) Old
Farfar with 2.5 ha. For the third criterion, the age of the oases settlement fabric is distinguished
through two different vintages: Old settlements, built before 1900 (Old Tolga, Old Lichana, Old
Farfar), and new settlements built after 1980 (New Tolga Downtown). For the fourth criterion, the
relation between the built-up settlement and the Palm Grove, two different relations are established:
(a) the heart of the Palm Grove (reference point), and (b) the distance between Palm Grove peripheries
and the oases settlement fabric border.

The four selected oases settlement comprise several residential individual buildings. The old
neighborhoods 1, 2 and 4 are ancient and unplanned settlements, while Old Tolga is entirely rebuilt
by its inhabitants, after 1990. The new oases settlement (3), in the downtown, represents a planned
urban settlement. The buildings in the selected neighborhoods are characterized mainly as low-rise
developments with two storeys housing units (G+1), which is the most common residential urban
typology in Southern Algeria.
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