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Thermal based functional evaluation of urban park vegetation
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Abstract—An evalustion of the urhan park vegetation was conducted by integrating airborne multispectral scanning system ( MSS )}
thermal band data with meteorological. MSS data acquired in the morning and afternoon were utilized to assess the radiant energy
budge: of different ground cover types and its relationship with the surface types. The spatial distribution of surface temperature { Ts}
and surface albedo (A) varied between different surfaces. However, the spatial variability of net radiation ( Rn) was reduced by
negative feedback of A-Ts relationship. The Normalized Difference Vegetation Index (NDVI) had a negative correlation with Ts but
positively correlated to Rr of the different surface types. Thermal response number { TRN), which expresses the dissipative behavior
of radiant energy, correctly characterized each ground cover type according to the validated surface property. Forested and lawn
covered sites had the highest TRN valnes consistent with their tendeney to tesist microclimatic change. The approsch shows that by
utilizing rthe MSS thermal signatures, we can relate the microenvironment processes to the biophysical character of each site offering
an apportunity to diagnose site-specific problems. The approach is proposed as a direct and easily adaptable method for monitoring the
urban green park areas and for making cbjective dec:sions about their management.
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1 Introduction

Comprehensive methads for evaluation of the urban park vegetation are necessary in order to
solve many of the probiems facing managers of urban park vegetation. Many restoration work
through planting have been reported ( Lassini, 1993). The revegetative areas become of great
ecological value within the suburban ecotopes (Naveh, 1998) and they should be managed
objectively. Spatial information rclating microclimatic processes to atl elements within sach
landscapes is essential for monitoring purposes.

The heterogeneity of ground covers acress the landscape results to a contrast of temperatures
creating energy gradients and spatial discontinuity of microclimates in the landscape. Because
thermal infrared { TIR } measurements are indicative of net surface energy balance, they are an
important source of ground information such as surface wetness, canopy stress conditions and
evapotranspiration rates (Price, 1989). In this study we explore the thermal conditions of different
ground cover types within an urban park using airborne MSS thermal band data. The objectives
are to estimate the spatial distribution of surface temperature ( Ts), surface albedo (A ), net
radiation flux (Rn) and to quantify each surface type according to its surface properties.

2 Materials and methods
2.1 Stwdy area and data processing

The study area is the reclaimed site of Expo '70 park that was converted into a forested park
after revegetation with indigenous plant species. It is located in Osaka Prefecture in Suita City,
within latitudes 34°47" and 34°48’N and longitudes 135°31" and 135°32’E with a mean altitude of
50.5m above sea level. The zone is highly urbanized and the park has multipurpose uses of
recreation, education and conservation.

MSS data sensed on October 3 (14:10 pm) and October 7 (09:12 am), 1993 represented the
afternoon (pm) and morning (am)} conditions, respectively. Since landscape processes are a
function of scale and the resolving capability of the sensor (Nellis, 1989), sensor resolution of
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2.5m was selected for the objectives of this analysis. Image processing was done using ERDAS
software (ERDAS, 1991). Data generated was used to obtain the ground cover classification,
surface albedo, surface temperature and vegetation amount.

Supervised image classification supported by the field validation was conduced using 6 bands.
Parametric decision rule was applied as the algorithm for classification and 12 ground cover types
identified (Fig.1).

2.2 Surface temperature and albedo

The thermal infrared band 11 (8.0—
14.0um) of MSS was utilized to calculate
the radiometric surface temperature.
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Ground surface temperatures, recorded
simultaneously with aircraft overpass were
used to calibrate the radiometric brightness.

Correction for surface temperature was done Hedge

using the Stefan-Boltzmann Law and then Lawn high

regressed with corresponding digital values i Lawn medium

of band 11 to give a linear relationship

expressed as,

Tg = a0 + al V11,
. B Fig.1 Results of ground cover classification based on surface
where Ty is the black body temperature, properties at the study site

V11 is the digital number of band 11, a0
and al are coefficients of regression (Fig.2). The surface temperatures ( T's) for each kind of
ground cover were obtained by conversion using the Stefan-Boltzmann Law including the emissivity
¢ for each ground cover (&) as,
ekan = o¢Tg,
where ¢ is the Stefan-Boltzmann constant.
The computation of albedo (A ) is necessary due to 35

contrasts among different surfaces that directly influences the s k- 22=0. 899 -
energy budget. Albedo was calculated from the ratio of 310 | PM, Oct. 1995
outgoing irradiance (absolute radiometric brightness, Ro) to : 305 |

that of the incoming irradiance ( Ri). Because some MSS = 300

bands lie in the water absorption range, the effect of water 295 17 #=0.%88
vapor absorption was corrected using the method of Lacis and 2% [ ) LM Uct-L 19951
Hansen (Lacis, 1973). 35050 100 150 200 250
Ro (W/(sr*m?)) for band k (& =4—9, except band N value
6) detected by the sensor was calculated by Fig. 2 Relationship between black body
Ro = DE/255 (Rmnxk - Rm‘mk) + Rk, temperature ( Tp ) and digital
where Dk is the DN value of band &, R .k and R_, k are number (DN) of MSS thermal

band 11 used for calibration of

the maximum and minimum measurable radiances of the
ground surface temperatures

sensor for band %k, respectively. Total irradiance detected by
the sensor was expressed as ZRo. Ri was expressed as the global solar radiation { Rs) considering
the proportion of the whole spectrum covered by the MSS bands.

The normalized difference vegetation index (NDVI) was selected as the measure of vegetation
in the Expo 70 park. NDVI is defined as
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NDVI = (NIR - R)/(NIR + R),
where NIR and R arc reflectance’s in the near-infrared and red bands, respectively. NDVI
indicates the spectral response pattern of vegetation and is useful for quantitative determination of
plant vitality and health condition.
2.3 Radiation budget and thermal response

Net radiation { Rn) for each surface was derived using the surface energy balance equation

given as;

Rn= Rs(1 —A) +eRy - esTs?,
where Rs is the incoming short wave radiation, A the surface albedo, and Ry the incoming long
wave radiation. In order to account for variation in accumulated radiant energy between am and
pm, a surface property called thermal response number ( TRN) was computed for each surface type
according to Luvall and Holbo (Luvall, 1991). It is expresses as

TRN = ZRn - At/AT,

where SRn* At represents the total amount of net radiation for that surface between the am and pm
flights (Ar = £, — t,) and AT is the change in mean temperature {( T). Since the expression
indicates the rate of change in T's in response to changing thermal fluxes, it also revesls how the
nonradiative fluxes of sensible and latent heat react to changing radiant energy inputs.

3 Results

3.1 Surface albedy and temperature

The mean surface albedo for each type of ground cover is shown in Table 1. The albedo varied
diurnally with maximum values in the morning and minimum values in the afterncon. Similar
observations have heen reportad hy Rosenberg et al. (Rosenberg, 1983). The lowest albedo was
observed from open water followed by forested areas and was the highest in concrete and grass
covered areas. Low surface atbedos observed in sites of healthy vegetation was related tc higher

absorption of short-wave radiation than in low quality vegetation.

Table 1 The mean values of A, Ts, NDVI, Ru for cach type of ground cover

A Ts. T - NDVI Rn, W/m?
Ground cover type
am pm am P am pm amm pm
Asphalt 0.17 0.14 23.64 42 00 -0.05 -0.05 158.47 350.92
Concrete 0.17 0.14 20.48 35.86 -0.01 0.03 176.17 395.10
BL high 0.08 0.08 17.72 26.76 0.42 0.46 223.51 488.23
BL medium 0.11 0.09 18.11 28.18 0.43 0.46 209.87 470.62
BL low 0.09 .10 18.22 30.80 0.29 0.25 217.44 450.74
NL high 0.15 0.10 18.97 29.02 0.41 0.40 192,62 461.82
NL medium 0.15 0.12 19.51 31.65 0.45 0.34 187.66 428.51
Hedge 0.15 0.11 19.66 31.91 0.25 0.32 187.70 435.21
Lawn high 0.17 .12 19.40 28.99 0.63 0.52 189.93 452 86
Lawn medium ¢.21 0.17 21.78 33.71 0.46 0.43 160.92 354.23
Lawn low .19 0.16 20.99 34,57 0.20 0.23 173.42 393.72
Open water 0.06 0.05 19.51 25.25 —0.44 —0.36 218.78 514.35

Notes: A; surface albedo; Ts; surface temperatures NDVI: normalized difference vegetation index; Rn: met solar radiation;

BL: broadteaved; NL: needleleaved

Surface temperature distribution patterns for each cover type were distinct and warmer at pm
than am (Table 1). The presence of vegetation influenced the distribution significantly. In healthy
vegetation, e.g. broad-leaved forests (high), T's was low indicating high transpiration rates.
Therefore, this evapotranspiration encrgy was not available to raise air temperature. On the hand,
in sites of less vigorous and stressed vegetation Ts was high due to closure of the stomata resulting
to rise in T's in response to the need to dissipate more energy as sensible heat. It is supposed that
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the partitioning of Kn shifts from latent 10 sensible heat under water stress conditions.
3.2 Vegetation index

The mean NDVI values for the different classes are shown in Table 1. NDVI was negatively
correlated to T's and positively correlated to Rn (Fig. 3). The Ts-NDVI index correlation has
been attributed to latent heat flux and canopy resistance to transpiration {Carlsson, 1994). Sites of
low quality vegetation {e.g. BL (low)}) had lower NDVI wvalues in the afternoon than in the
morning. NDVI which indicates vegetation activities appears to be very sensitive of change in T's
in response to water deficits created within the leaf surface due to changes in atmospheric demand.
3.3 Net radiation and thermal response

Solar loading was the highest in water, followed 22?] | . “
by forested lawn sites ( Table 1). Variability in solar 440 1
loading between the plant categories is thought to R "
indicate differences in the surface properties of the 3440~ ©
biomass, soil water status, and stomatal activity. e 34 &
More active chlorophyll in healthy, wvegetation 00 - w0
results in more absorption of short-wave radiation 30
{ PAR ) than less healthy plants. However, spatial o 26
variability of Rn between surfaces could be reduced ;;g i Lo 22
by the negative feedback of the surface albedo- -4.2 0.0 0.2 0.4 0.6

. ) NDVI
temperature. To circumvent the problem we applied

the thermal response number { TRIN) concept that k. 3 NPV as a function of net radiation ( Rn) and

reveals the combined influences of surface properties surface temperature (Ts). (1-11} and (12-22)
on the microclimate. represent Asphalt, Concrete, BL high, BL
medium, BL low, NL high, NI medium,
Hedge, Lawn high, Lawn medium, Lawn low

Fach cover type produced a different TRN
value. TRN differentiated between the good and had for Ro and T, respectively
quality sites of even similar vegetation types,
allowing ranking of surface types as illustrated in Table 2. Although different cover types had
almost the same temperature, variation in site-specific biophysical properties that influence energy
disposition could be indicated by the TRN value. Iligh TRN values corresponded to small change
in Ts between am and pm (Fig.4). TRN was the highest in water areas. TRN for forested sites
was much greater than for lawn, concrete and Asphalt sites consistent with their tendency to
exhibit moderated microclimeates more than lawn covered areas. Concrete and Asphalt sites had
small TRNs, indicating little capacity to resist microclimate extremes. Sites of healthy vegetation

Table 2 Surface ranking based on thermal response number ( TRN) for each of the grosnd cover types at the study area

Ground cover type Rn, W/m? T,.C T.C TRN, kI/(m*C)
Open water 4590 22.38 5.74 2877
Broadleaved {high) 4506 22.24 9.04 1793
Broadleaved {medium) 4416 23.15 10.08 1577
Lawn Chigh) 4192 24.20 9.58 1575
Needleleaved { high} 4358 24.00 10.05 1565
Needleleaved {medium} 4310 25.58 12.14 1278
Broadleaved (low) 4453 24,51 12.58 1274
Hedge 4332 25.79 12.25 1273
Lawn { medium) 4029 27N 11.93 1216
Lawn {low} 4075 27.78 13.57 1081
Concrete 41202 28.17 15,37 984

Asphalt 4166 32.82 18. 36 817
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1000 20 had greater TRNs than bad sites due
B —118.0 to their resistance to microclimate
1500 changes.
o 4 Conclusion
= 28 The use of thermal band data
2 1500 coupled with meteorological data had
£ several advantages: (1) The spatial
1000 pattern of the ground cover features
500 and their corresponding attributes of
Ts, radiation balance, and TRN

could be presented much more clearly
with images which have much more

visual impact, are more objective and

easier to understand. (2 ) By

Type of ground cover

comparing different surfaces according

Fig.4  ‘Thermal response number { TRN ) relationship with change in to their resistance to microclimate
temperature { AT ) for different ground cover types at Expo '70 cha.nges, the hiophysical processes
park (BL = Broadleaved, NL= Needleleaved) influencing each surface could be

estimated. Therefore, based on the scenario proposed for each site, management practices can be

altered accordingly io achieve the set objeetives.

Successful rehabilitation of reclaimed and vegetated sites depends on comprehensive methods
for monitoring. In addition to the commonly used NDVT index, our approach shows that using
thermal signatures of airthorne MSS data, we can relate the micro-environment processes to the
biophysical character of each site in the study area. TRN correctly charactcrized the influence of
surface properties controlling microrlimatic processes giving a unique opportunity to objectively
evaluate and manage site-specific problems. Further work on the distribution of the energy terms
could improve our understanding about the functional processes. Because of the great ecological
value of vegetated sites, thermal based evaluation procedures should be adopted as a tool for
monitoring park vegetation in urban ecologicel planning.
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