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Measurements of the Bioclimatic Effects of Groups of 
Trees in an Argentinian Arid City 

A. Kurbh +, A. Papparelliz, M. Cunsulo3 
Collaborators: E. Montillad, C. Hemeras, V. Ripoll6 

The cbaracteristics anddistribution ofgroups of trees in an urban area asa contribution to thepopulution 'sbygrotthemzic 
comfm were studied in the urban canyms of a city located on the arid zone of SouthAmerica @n Juan -Argentina). 
The p p e r  studies the shade produced by the trees taking into account their actual conditions, since the urban specimens 
usually are modified, as compared with those in the natural environment. It tries to validate the international standards 
as a bioclimatic factor of great value in an arid zone. 
The values of the Shaded Area and Effective Arboreal Covering are analyzed for their real shade ehiency, considering 
the permeability to solar radhtim in winter and summer, the overlapping of the tree tops and the general state of the 
m. It sbows that tbe average shade in tbe wbole city repesents 28.0% of the horizrtal area ofthe urban canyonl or 
10.0 &per inbababitant if reluted to the number ofpeoplel as an average for the whole city; both values diminish to 16% 
and 6.0 dfinbab. respectioely when tbe Effktive Arboreal Covering 13 considered. 
It is concludezithat in a city with a mmtknnul  and climate, having on average a Lund Occupation Factorabout50.0% 
anda BuildingDensity about35Wfha,  the optimum shade area considering the bioclimuiic requirements for summer, 
is between 70.0% and 75.0% of the total horizontal area of the urban canyons. 
These values are compared, with internutionul stanhrak, and it is shown that these standards do m t  consider a number 
of fmttms, such as permeability to mhr radiation, seasonal eflects, and the orientation of streets and buildings with 
respect to sunlight. 

The international standards regarding the urban green spaces within 
cities define a reference value of 10.Omz per inhabitant. This value con- 
siders some of the positive effects that the trees provide to the urban 

substantial variable when calculating the shade requirements in areas 
with a considerable of water, hi& summer temperatures and 
very low winter temperatures, which are speufically the case in arid 
zones in Men-. 

Introduction 
Groups of trees have a potential to improve the temperature and 

bioclimatic design more applicable due to easiness of execution and 
low installation cost, both in consolidated and less consolidated areas, 
andinnewdwehg. 

N e v e r r h b ,  there are in Aqentha no studies focused on the arboreal 

humidity ~nditiom Of cities* They One Of the aspects Of atmosphere, but it doesn't into the conditions, a 

v 

San Juan county is characterized by an arid, high altitude and meso- 

(4.1) and a Penman's aridity index (0.102), big daily (about 14°C) and 

covering pattems of the urban trees for each bioclimatic region, to be 

uhan climate. 
taken as a reference# m g  their Potend to mq the thermal rqo& dimate, with a hi@, Go-Es continentality index 

' Architect MSc., Head Professor UNSJ, Senior Researcher, CONICET ' ~rrhitect, HCA ~ofcssor UNSJ, senior M e r ,  CONICET 

' ~ n ~ e c ~ ~ m p ~ u k s o r ,  ~ z c t i e l ~ a s k s , ~ ~ ~ ~  
Engioeer, Professor, Recollcge, UNSJ, senior Researcher, CONICET 

5AnWecLAdiUnaRofessm~Tasks ,UNSJ 

seasonal (about 16°C) thermal amplitudes, very high clarity index dur- 
ing the entire year @eween 0.6 and 0.75), very low precipitation, and 
a hydric index equal to 53.8, values that well describe the aridity of the 
region (Papparelli, et d, 2001a). 

Architsture student, Scholvsip holder, Perfectiomg studes, UNSJ Inordertovenfythestandardvaluesand, iftheycorrespond, toquanufy 
the real deficit, a study of the trees was carried out for the urban area 
of San Juan city, which is characterized by the following climatic mean 

. ,FacultaddeArquttectum,Urbanismoy 
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Figure 1: Reporrplane of a Wan Node witb 4 C W  

values: the average temperature is 9.7 "C for winter, and 26.2 "C for sum- 
mer. The maximum temperature is 17.0 "C for winter, and 33.4 "C for 
summer and the minimum temperature is 3.8 "C for winter, and 19.5 "C 
for summer. The mean average relative humidity is 51.8% for winter and 
34.9% for summer. Ihe mean maximum relative humidity is 66.3% for 
winter, and 48.7% for summer, and the mean minimum dative humidity 
is about 29.1% for winter, and 24.8% for summer. The amount of heating 
degree days (base 18OQ is 1003 for the entire year. The amount of cool- 
ing degree days (base 23°C) is 312 for 

A BUC is defined as the homogeneous and continuous area of urban 
land, having an urbgn index of simii value, which identifies its temtorial 
condition and its state of spatial situation. It is embraced between two 
representative isolines of the Land Occupation Factor (FOS), which act 
as limits d e t h g  an area that sumunds the u h  centre. These 
limits were defined for the city of San Juan, Argentina (Ria, Papparelli, 
2001) by the following urban indexes: 

the entire year. n e  daily mean global Urban Band Laad Occupation Factor (FOS) Building Density (DE) 
solar radiation is 580 W / d  for J&WY Eminently ,,ban 
and 277 W/mz for July. The total annual 
precipitation is less than 50 mm.  pa^ Urban 
parelll, etal, 2001b). Suburban 

'Ihe present study on theurban trees Not ut.ban 
comprises the whole city accodng to 
the urban limit established for the year 
1995 (Pappareh, Kurb;ln, Chsulo, 2001c), through a sampling of 48 
Urban Nodes distributed along the 16 cardinal orientations with or ip  
in the center of the aty: 25 de Mayo square. In total 179 Urban Channels 
(0 were reported. A CW is defined as the urban public space limited 
by the nxhmy, sidewalks and adjacent constructio~~. 

In this this studyelecuonic schedules were used to ccansfez the infor- 
mation of each CW about: quantity of trees, arboreal species, he@ of 
the shaft, heght and diameter of the ueetop, arboreal form (ideal and 
real), overaU state. As example, Figure 1 shows a CW, with all the raised 
information. 
The spatd distribution of the trees along the streets in the city is an 

important factor when it is necessary to maintain or to increase the 
number of trees in ultwn canyons. In addition, the cities present dif- 
ferent characteristics talang into account the spatial disuibution of the 
buildmgs. In the aty of San Juan, four Chcteristic Urban Bands @UC) 
are distinguished: Eminently Urban, U h m ,  Sub& and Not Urban 
(Papparelli, K u f i ,  Cbnsulo, 2001~). 

FOS 250% DE 2 20.000m3/ha 

50% >FOS 230% 20.000m3ha > DE 2 10.000m3/ha 

30% >FOS 25% 10.000m3/ha > DE 2 1.500m3ha 

5%>FOS 1.500m3/ha > DE 

Other work @poll, Kurbin, 2001) from the same research program 
parucularizes the study of the urban trees in each one of these Urban 
Characteristic Bands, in order to obtain results according to the dimen- 
sions of the CW, taking into account the distribution and volume of 
the buildings. 

Arboreal Shade Area per Inhabitant 
The conditions ofarboreal covering in the citywere compared keeping 

in mind intematid pamneters, relating the arboreal areas (ii plant 
and conside* the overlapping) with the n u m k  of inhabitants within 
the U h  Node. 
Following guidelines of other work (Nowak, McPhmn, 1993) on ar- 

boreal covering, they were also related to the areas of green spaces and 
the number of families in the city, mlring into account the population 
data of the year 2001 corresponding to our area of study. 

The number (414129) of inhabitants of the city of San Juan and its sur- 
roundings (INDEC, 2002), and its u h  extension (7700 Ha), results in 
a density for the urban area about 54 inhabha. The number of families 
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U 
I s 
m 

+ 

100 - 
8 

O T  - 
1000 2000 3000 4000 5000 6000 0 

Distance to the urban centre (m) 

Table 1: Permeability of trees for Winter and Summer accordmg thevolume ofthetreetop, the leaves 
area, the color, transparency and density of 
the leaves, and the foliation cycle. 

In previous works (Papparelli, Kurbin, Cun- 
sulo, et al, 1996) the arboreal permeability 
for summer and winter of the 19 more usual 
forest species among the public trees of San 
Juan's city were obtained, combining predic- 
tive radiative methods (Canton, Conegoso 
and de Rosa, 1993) with photometric ones. 
The values are presented in Table 1. 

The Arboreal Covering was calculated 
considering two aspects: the permeability 
(P) to the solar radiation in summer and 
winter, and the overall conservation state of 
the treetop. The latter concept involves the 
age, the amount ofartlficial watering provided 
and the quality of the pruning made to allow 
the passing of the electric wires. 

The Shade Areas (SJ as projection on an 
tntemlobium contortrsiiiquurn (limbo) horizontal plane of the arboreal treetop, 
71puana tipu ( I !Pa) were obtained accordmg to the following 

formula: 
Note: the name between brackets is the Spanish denomination. 

is about 92000, resulting in an average of 20 families per Urban Node in 
the three urban bands. 

S, = Unitary area of each tree * C, 

The values of the horizontal projection of the public trees in the whole 
u~anpubliclandareawereobtainedbymeansofmode~g. For theeight 
main cardud orientations a polynomial fit of the values calculated for 
each raisedNode @poll, Kurbin, 2001) was used. These curves and their 
equations allow one to find the modeled shade area for any point of the 
city, following the btribution characteristics of the public trees. 

As an example, in Figure 2 a sample orientation is presented, repre- 
senting in the ordmte the d u e s  of shade area and in the abscissa the 
distances to downtown. The points represent the raised values witlun 
the urban canyons and the line represents the 
polynormal adjustment. 

where 

C; Treetop ouerlapping coeficient: 4 categories varyingfrom isolated 
tree (C,= 1) to treetops overlapped 75% (C,= 0,25) 

The net area S, takes into account the incidence of the permeability, 
and was calculated as follows: 

s, = s, *( 1 - P) 

Effective Arboreal Covering 
International standards spec@ 10.Omz/iab. 

of green space. In San Juan (Rep. Argentina) 
the Planning and Urban Development Office, 
&tribute them in the following way: 

- Urban trees: 2.0 rnz/inhab. 

- Neighborhood green space: 2.5 m2/lnhab. 

- Urban parks: 2.5 m*/inhab. 
- Regional parks: 3.0 m2/iihab. 

The Shade Area constitutes a fundamental 
biodunatic datum that describes the shaded 
roadway and sidewalk area, both in winter as 
in summer. However, the trees present dif- 
ferentiated permeability to the solar radiation 
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100 4 

where 

P: Winter or summerpermeability 

The Arboreal Covering (C,) was calculated as: 

c, = s, c, 

where 

C i  Overall commation state coeficient depending on tbe conditions 

The Effective Arboreal Coverings for winter and summer for the south 
orientation are presented In F~gure 3. In ordinates are represented the 
covering values, and in abscissas the distances to downtown. The points 
represent the rajsed values and the line represents the polynomial 
adjustment. 

of the trees ( i  good, good, not sogoo4 bud and very bad). 

Optimum Effective Arboreal Covering 
In the a ty  of San Juan, as in most of the cities with an arid mesothermal 

climate, the bioclimatic requirements are not equally critical for winter and 
summer, since the percentage of hours per year in which heating or active 
coo@ are required varies as a function of the most rigorous season. 

Considering the studies of bioclimatic design smtegies (Papparelli, et 
al, 2000), calculatedwith D. Watson’s method (1983), the climatic season 
with more demands in this city is the summer. The percentage of hours 
forsummerandwinterwithwents ofmehamalorconventional 
conditioning are distributed according to the following detail: 

. Wmter 

. Summer 

: 27% of the 24 hours of the day E 06hs 5Ormn 

: 46% of the 24 hours of the day E llhs OOmin 

Therefore, from the total hours per day with requirements for active 
conditioning, 37.0% corresponds to winter and 63.0% to summer. This 
indicates that, related to the urban trees, the effective arboreal covering 
of the summer is more important. 

300 1 SUMMER 

y=4E-09X)-4E-O58+0,07Qx+ 93.18 

0 

. 

04 A - 
0 1000 2000 3000 4000 5000 6000 7000 

Distance to the urban centre (m) 

y =  2E-092 

WINTER 

2E-058 + 0 , 0 4 3 1 ~  + 46,647 

* /  v 
0 1000 2000 3000 4000 5000 6000 7000 

Distance to the urban centre (m) 

Figure 3: Effective Arboreal Covering for summer and winter (south orientation) 

In a city showing the biggest arboreal cover 
w i t h  their urban canyons during summer 
and the minor one during winter, the trees 
wiU inhence the urban chate,  muffhg the 
dady wave of temperature and elevating the 
humidity percentage. Therefore an optimum 
could be considered, an Eiffective kboreal 
Covering of the canyon similar to the per- 
centages of requirement of seasonal active 
conditioning. Since the values of summer 
covering can be considered as the optimum 
minimum, and those of winter as optimum 
maximum, only the first were considered, 
assuming that smaller winter values wdl be a 
favorable bioclimatic load. 

The arboreal shade area as related with the 
cover percentage (63,0%) was obtained with 
the following formula: 

S,=C, + [ l - ( P * C $ ] -  %S s s  = S  + H ~ r i -  
Zotltalarea ofthe CW 100 

Consideringthatthebiggestquantityin forest 
species in the city of San Juan is constituted by 
M m a l b a  and Platanusacm~olia, and that 
the typical CW has awidth of 18.0111 (3260m2 
of horizontal area), for a group of trees in very 
good state (C, = l), with isolated trees (C, = 
1) and an Arboreal Covering for both species 
of 63% for summer, the optimum percent- 
age values of Arboreal Shade that cover in 
homogeneous form the streets of the urban 
canyons resulted: 

-Mom alba: 69.9% 

- Pkztanus acerifolia: 75.0% 
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35 J I 
0 lo00 ZOO0 3000 4000 5WO 6000 7000 8000 

Distance to the urban centre (ml 

Correlation Between 
Arboreal Covering and 
Climatic Variables 

In a previous paper (Papparelli, et a1 
20016) the temperature and relative hu- 
midity were modeled using a database of 
climaticmobilemeasurements carried out 
simultaneously, in the same urban nodes 
in those where the arboreal covering was 

Asanwample,inFigure 4 and Figure 5 the 
logarithmic adjustments of the tendency 
of each climatic variable for summer and 
winter respeceively for the south orienta- 
tion are shown. 

The Urban Climatic Load is determined 
mainly by the influence on the natural 
climate of the urbanization elements: 
construction, the area of the street frame 
andtheconfiguntionorthepublicgmupof 
aees.Thesethreeaspectscanbequantitied 
by means of the following urban indexes: 
Indicator of Building Mass 0, Indica- 
t o r o f l l h  Road 0 and Indicator of 
U b  Tree Density (IFU) (Papparelli et 
4 1998)- 
Each one of these Indicators influences 

the Climatic Load with percentages mi- 
tive or negative) varying as a function of 
the modality of the urban distribution, the 
consrmction density, the buildingvolumes, 
the dimension of the urban canyons, and 
the species, disaibution and maintenance 
of the trees in these canyons. 

Accordmg to this study, In the city of 
San Juan h e  incidence ofthe Indicamr of 
Urban Grove in the Urban Climatic Load 
has in the summer a negative percentage 
etFectof-46.2%. This means that it cam 
in the average temperature of the whole 
cityadeaeaseof2.1"C. Ontheother hand, 
thehfluenceontherelative humidityisof 
+45.4%, that is, an increase of 5.2% over 
the average humidity in the aty. 

The other Indicaton show during the 
summer the bllowing incidence: 

analyted. 

. 
39 ~ 

38 . 
37 . 
36- 

Indicator of Building Mass 

- Temperature 
sumer: + 46.2% = + 2.1"C 

summer: - 46.4% = - 5.3% 
- Relativehumidity 

Indicator of Urban Road 

ORIENTATION: SOUTH CLIMATIC SEASON SUMMER H)o 

I000 2000 3000 SO00 5000 6000 7000 8lk31 

Distance to the urban centre (ml 

ORIENTATION: SOUTH CLIMATIC SEASON SUMMER 2000 

46 
45 1 

y = 1.4277ln(x) + 30,634 

39 
38 
37 
36 

Figure 4: Model of the temperature and relative humidity tendency for summer. Soub orientation. 

ORIENTATION SOUTH CLIMATIC SEASON WINTER 2000 

9 4  
0 1wo 2oM) 3000 4000 so00 6Ooo 7000 8 

Distance to the urban centre (m) 

Figure 5: Model oftbe temperature and relative bumdity tendency for winter. Soutb orientation 
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- Temperature - Relative humidity 
Summer: + 53.8% = + 2.5"C Summer: - 53.6% = - 6.2% 

26 . 

SUMMER RELATIVE HUMIDITY - I.M.E. CORRELATION 
CARDINAL ORIENTACION: SOUTH 

- 5 32 1 

y = -9E-05~ + 30,86 

10000 15000 20000 25000 30000 35000 

INDICATOR OF BUILDING MASS (1.M.E) 

24 4 
0 5000 

SUMMER RELATIVE HUMITY - I.F.U. CORRELATION 
CARDINAL ORIENTATION: SOUTH 

-7 24 
40 50 60 70 80 90 100 110 120 130 140 150 

I INDICATOR OF TREE DENSITY (I.F.U.) 

I , ,  , , ' 

SUMMER RELATIVE HUMIDITY - I.V.U. CORRELATION 
CARDINAL ORIENTACION: SOUTH 

26 - 

Y = -0, WO3x + 35,095 

24 c- 
12000 14000 16000 18000 20000 22000 24000 

INDICATOR OF URBAN ROAD (I.V.U.) 

Modeling each Indicator along 
the 8 main cardinal orientations, 
with the origin in the urban cen- 
tre, the representative straight 
lineadjustmentverifiesaninvene 
tendency for the IF0 with respect 
to thelMEandNU, since contrary 
to these, the IFU b i n i s h e s  the 
temperature loads and increases 
that of relative humidity (Figure 
6a and 6b). 

Results 
In a city having an arid and 

mesothermal climate, the major- 
ity of the arboreal species of 50 
years old as maximum, irrigated 
by means ofurban canals, reach 
a treetop diameter varying be- 
tween 4.5m and 8.5m. 

Distributing the urban p u p  
of 24 trees per s a t  as average 
(12ineachsidewalk,withlthurban 

longitude),the shadearearesults 
in 10.0 m2/inhab., as an average 
for the whole city. The values for 
inhabitant for each BUC are: 8.0 
m2/inhab. in the Eminently Urban 
Band; 12.0m2/inhab.intheUh 
Band and 15.0 m2/inhab. in the 
suburb0nBand. 

If this shade is qualified by its 
conservation state and m e r  
arboreal penneabiity (the mmt 
rigorous season), the Arbold 
Covering diminishes to 6.0 mz/ 
inhab. as average for the whole 
settlement being 4.0 m*/mhab. 
in the Eminently Urban Band, 
7.0 m*/inhab. in the Urban Band 
and 9.0 m2/inhab. in the Subur- 
banBand. 

In relation to the total horizon- 
tal area of the roadway plus the 
sidewalk of the urban canyons, 
the average shade am in the 
whole city represents only 
28.0%, and an avenge Effective 

s v e e t s o f a p p ~ l y l 0 o m o f  

Figure 6a: Cmekztion modeling of the urban indicators with the relative humidity. South cardinal orienta- for Summer 
tion; climatic season: summer. of 16.0%. 
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In a city of the arid zone having a land Occupation Factor about 50.0% 
andaBui ld ingDen~ityabout35~~~,  onavexage,theoptimumshade 
area considering the bioclimatic requirements for summer, is between 
70.0% and 75.0% of the total horizontal area of the urban canvons. 

In the Urban Climatic Load the percentile influence of the Building Mass 
Indicator and the Indicator of Urban Road remain practically constant 
along the year. The one that fluctuates between winter and summer 
is the Indicator of Urban Tree Density (IFU) when intervening in the 

SUMMER TEMPERATURE - I.M.E. CORRELATION 
CARDINAL ORIENTATION: SOUTH 

26 4 
0 5000 10000 15000 20000 25000 30000 35000 

INDICATOR OF BUILDING MASS (1.M.E) 

- 

SUMMER TEMPERATURE - I.F.U. CORRELATION 
CARDINAL OR IENTACION: SOUTH 

Y 

I y = -0,0121~ + 29,652 

26 4 
40 50 60 70 80 90 100 110 120 130 140 150 

IlNDlCATOR OF TREE DENSITY (1.F.U.) 

___- 

SUMMER TEMPERATURE - I.V.U. CORRELATION 
CAR DIN AL ORIENTATION : SO UTH 

1 

26 I- 
12000 14000 16000 18000 20000 22000 24000 

INDICATOR OF URBAN ROAD fi.V.U.1 

Figure 6b: Correlation modeling of the urban indicators with the temperature. South cardinal orientation; 
climatic season: summer. 

. .  
modification of the temperature 
and relative humidity: duninishng 
the temperatureload andincreas- 
ing the relative humidity. 

Conclusions 
The urban trees are a signifi- 

cant factor in the balance of the 
Urban C h t i c  Load in an arid 
zone, since they constitute the 
most influential indicator in the 
modification of the temperature 
and relativehumidity. Theyare the 
only d l e  with possibilities of 
kingadaptedmthequimnents 
of each climatic season. 

The few existing standards are 
inadequate for cities of arid zones 
because they don’t take advantage 
of the hygrothermic potentdties 
of the urban public trees as con- 
ditioning elements of the open 
spaces, as demonstrated in the 
present study. Accordingly, in a 
city that exceeds the established 
value by 400%, the shade area in 
theuhan canyons doesn’t exceed 
28.0%. The value dunhishes to 
16.0% if its efficiency is qualified 
for the most rigorous season, the 
summer. 

Therefore the urban bioclimatic 
design of the green spaces can- 
not be governed by the current 
international norm. Specific 
studies should be d e d  out that 
contemplate the species adapted 
to the soil and the dimate, their 
permeability to the seasonal solar 
radntion, the treetop dwneter in 
mature age and the shaft height. 
Simultaneously an effective main- 
tenance of the species should be 
provided, offering irrigation and 
pruning conditions that don’t 
deform the arboreal morphology, 
and allow the normal growth of 
thespecimens.LJnderthosemndi- 
tions, a covering of at least 70.0% 
ofthe horizontal area of the urban 
canyons can be provided. 
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