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Error
Mean
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Wilmott
Index n

Rayman_Kestrel 18.716 12.080 12.900 -5.837 11.163 0.653 49
Rayman_MaRTy 9.141 5.935 6.952 4.800 7.280 0.992 42

ENVI-met_Kestrel 15.388 13.267 7.796 -5.837 11.249 0.850 49

ENVI-met_MaRTy 16.827 11.205 12.553 12.550 13.549 0.977 42
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Urban thermal conditions are a growing health concern1-2

Mean radiant temperature (TMRT) improves thermal 
environment estimation (Fig. 1)3

Radiation loads are dependent on urban form4

We seek to understand the efficacy of and limitations to 
Rayman5 and ENVI-met6,7 models for TMRT and compare them 
to physical measurements in downtown Tempe, AZ, USA8

Figure 1. Energy 
exchanges at the 
surface of the human 
body. (1) Direct SW rad, 
(2) diffuse SW rad, (3) 
diffuse LW rad, (4) 
reflected LW rad, (5) 
emitted LW rad, (6) 
convective heat loss, 
and (7) conductive 
heat exchange. 
Adapted from Oke et 
al., 2017, Urban Climates
© Cambridge University 
Press 2017

Figure 3.
Kestrel Heat 
Stress Tracker, 
4600 series.

Figure 7. Linear regression of 
February 2015 mean radiant 
temperature (from Kestrel) for 
Rayman.

Figure 2. Downtown Tempe, Arizona, USA with 
fisheye lens imagery for each point along 
traverse. The lens imagery is input for Rayman
software calculations.
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MaRTy results indicate better congruence with modeled TMRT  than 
Kestrel observational data

Wilmott Index of Agreement gives a standardized evaluation metric

Error dimensions decrease with higher sun angles
Sun angle is important for estimating TMRT in deep urban canyons 

Rayman & ENVI-met perform well in TMRT  estimation
Variation in agreement attributed to SVF input (Rayman) and grid 
resolution (ENVI-met)

MaRTy incorporates more radiation data to calculate TMRT and thus is 
a better fit to numerical models.

Highly relevant to arid climates with complex, deep urban canyons.

Table 1. Dimension of errors for Rayman and ENVI-met simulations relative to observed mean 
radiant temperature
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Figure 4. The cart 
specially adapted for 
fine-scale 
measurement of 
mean radiant 
temperature, MaRTy9. Figure 5. FLIR visible 

and thermal imagery 
from traverse route.
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Figure 8. Linear regression of 
February 2015 mean radiant 
temperature (from Kestrel) for 
ENVI-met.

Figure 9. Linear regression of 
June 2017 mean radiant 
temperature (from MaRTy) for 
Rayman.

Figure 10. Linear regression of 
June 2017 mean radiant 
temperature (from MaRTy) for 
ENVI-met.

Figure 6. ENVI-met simulated TMRT  for 3 pm in (a) February 2015 and (b) June 2017.


