
YichenYang

MESc, Class of 2020,Yale School of Forestry and Environmental Studies



 As a result of urbanization, anthropogenic climate change in urban areas has 

become one of the major climatic crises mankind must face besides global climate 

change [IPCC (2014) Climate change 2014 ]. 

 Actions to mitigate UHI intensity have become urgent, which should be based on 

profound understanding of UHI mechanism. However, our understanding of how 

the UHI comes into being is still insufficient, especially in the thermal process 

underlying the formation of Urban Heat Island (UHI).



 To measure the intensity UHI, the in-situ measurement and the satellite remote sensing technology 

are widely used because of satisfying spatial and temporal representativeness [Peng S , 2012]. 

However, both of the methodologies are not capable of capturing the details of temperature at the 

street floors. 

 Why is the street-level UHI so important? 

 Prominent change of building geometry, vegetation fraction, underlying material, and illumination can 

create several distinct microclimates even within a small area [Oke T R , 1991]. As a result, the street-level 

UHI at local scale is more sensitive to the surrounding environment and is controlled by a more complicated 

mechanism than a larger scale. 

 On top of this, the air temperature is a more unpredictable variable compared to surface temperature 

because it has to do with the ambient thermodynamic condition, and is scale-dependent at street-level 

[Carly D. Ziter, 2019]. Therefore, the street-level Air Urban Heat Island (AUHI) is a key to the profound 

understanding of how microclimate change impacts UHI intensity. 



 To acquire high-resolution data of AUHI intensity at street-level, mobile measurement 

plays a key role here. Mobile measurement is using a car or a bike as the platform for 

the sensors to collect data along the transect of the city [Yokoyama H, 2017; Ooka R, 

Kikumoto H., Busato F, 2014].

 Dry bulb temperature is used widely in UHI studies because it’s a straight 

representative of urban climate. However, for comprehensive consideration which seeks 

to model the exposure of real human skin to urban climate, more complicated thermal 

comfort indices should be considered (Francisco Gomez). For example, wet bulb 

temperature is a good proxy of thermal comfort because it describes how the sweating 

human skin responds to urban heat by combining the dry bulb temperature with air 

humidity.   



 How does the street-level AUHI vary spatially and temporally in terms of both dry 

bulb temperature and wet bulb temperature? How does the distribution of wet bulb 

temperature differ from that of dry bulb temperature? 

 How does the street-level AUHI relate to the microclimate changes (e.g., tree 

canopy cover, impervious surface cover, and building geometry). How different are 

the relations between dry bulb temperature and wet bulb temperature? 

 What’s the underlying thermal mechanism that controls these relations?



 The central area of the city is warmer than the off-center area. The spatial distribution of 

street-level AUHI changes with weather condition. Wet bulb temperature is less 

spatially variable than dry bulb temperature. 

 The more tree canopy cover, the weaker the street-level AUHI. The more impervious 

surface cover, the stronger the street-level AUHI. The built-up area doesn’t have the 

strongest AUHI because the building shadow. 

 The street-level AUHI is dominated by the cooling effect of tree canopy cover via 

evapotranspiration, the warming effect of impervious surface cover via constraining the 

evaporation, and the cooling effect of building shadow via blocking the incoming solar 

radiation. 



 Study Area

This research will be carried out in New Haven (41°18’36’’, 72°55’25’’), Connecticut, U.S. This 

city is selected because its surrounding typical rural area is located within 3 miles of the 

heavily built-up region. The contrast of land cover and city geometry is distinct. A single 

mobile measurement along the finally determined city transect, from the urban core to the 

typical rural environment, can be done in 20 minutes.



 Building up the network of mobile measurement

Background: collaborating with the MODs!

Three sets of biking measurements were planned to take place on August 5, 12, and 19. For 

each set of measurements, about 15 volunteers were recruited in advance from the Summer 

Orientation Modules (MODs) of Yale School of Forestry & Environmental Studies 

(https://environment.yale.edu/mods). Significant data loss was found in the dataset of August 5, 

so one extra set of measurements was done immediately on the next day, August 6. The data 

were subject to different weather conditions, with clear sky for Aug 5, overcast for Aug 6, clear 

sky for Aug 12, and cloudy sky for Aug 19.

https://environment.yale.edu/mods


Instruments: Smart-T sensor for biking measurement

Ta Sensor RH Sensor

Range -40 - 60°C 10-90%

Accuracy ±0.3°C ±2%

Response Time ~8s

Standby power 

consumption

0.06 mW

Typical power 

consumption

0.36 mW

Max power 

consumption

1.38mW

Operating 

temperature 

range

-20 - 60°C

Ingress 

Protection 

Rating

IP65

Weight with 

batteries

63g

Height 85mm

Radiation 

shield material

ABS-like resin



 Instruments: HOBO sensor for background measurement

Tree Shade Open Area Building Shade

The three HOBO sensors are set in different typical urban environments but still close 

enough to represent the same region.



Biking Route

 Built-up area

 New Haven Green

 DeGale Field

 Wooster Square

 Criscuolo Park

 Jocelyn Square Park

 Dover Beach. 

S region is the starting point 

of all the measurements.



Sensor Calibration: Fan Test
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Device Name RMS (Ta) Offset (Ta) RMS  (RH) Offset (RH)

F47C 0.06 0.06 3.41 -3.41

7F3A 0.04 0.03 3.12 -3.12

97B5 0.06 0.06 3.05 -3.05

4F12 0.16 0.16 3.60 -3.60

D009 0.14 0.14 2.93 -2.93

EE98 0.14 0.14 3.27 -3.27

0F28 0.08 0.07 3.48 -3.48

CB50 0.13 0.13 3.55 -3.55

1119 0.10 0.10 3.54 -3.54

2B09 0.18 0.17 3.36 -3.36

2A63 0.03 0.01 2.75 -2.75

EDBD 0.03 0.02 3.28 -3.28

D923 0.10 0.10 3.59 -3.59

D184 0.02 0.01 3.51 -3.51

B3D9 0.12 0.12 3.46 -3.46

EC5F 0.02 0 3.07 -3.06

2C12 0.03 0 3.06 -3.06

1D1C 0.09 0.09 3.30 -3.30

0573 0.10 0.10 3.38 -3.38

E659 0.07 0.06 3.34 -3.34

AFF9 0.14 0.14 3.60 -3.60

2ED2 0.16 0.16 3.52 -3.52

7277 0.12 0.12 3.68 -3.68

092B 0.15 0.15 3.06 -3.06

8862 0.13 0.13 3.53 -3.53

55AD 0.08 0.08 3.28 -3.28

DF7E 0.09 0.09 3.48 -3.48

2A2D 0.16 0.16 3.53 -3.53

F3B5 0.07 0.06 3.47 -3.47



Deriving the important thermal indices

Dry Bulb AUHI Intensity

Averaging with a 5-min window
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Deriving the important thermal indices

Wet Bulb AUHI Intensity

Averging with a 5-min window

Wet Bulb Temperature?



Wet Bulb Temperature?

Theoretical Method

(Lee 2018)



Wet Bulb Temperature?

Empirical Method

(Stull 2011)



1.34

0.34

Tw(theoretical) – Tw(empirical)

Comparing the methods

Deg C



 Landcover data and the method of scale-dependency

 The tree canopy/classification data of New Haven County (Jarlath P. M. O'Neil-Dunne) is a 

GIS raster layer (3-feet resolution) with several landscape categories including tree 

canopy, grass/shrub, bare soil, water, buildings, roads/railroads, and other paved areas. It 

is classified using the Connecticut 2016 LiDAR/orthoimagery data.



 Scale-dependent method (Ziter, 2019), 90-meter buffer is used.



 City morphology data

 Connecticut 2016 LiDAR (1-meter resolution DSM)

 Ground-class points to build bare earth (DTM)

 Using building pixels to extract the building elevation, then overlay the

building elevation on the DTM. The output is a building-only DSM layer.

 Building Shadow: generated using the building-only DSM via Hillshade in

ArcMap.

Original DSM Only Building Shadow Pattern



Dry Bulb Temperature Wet Bulb Temperature
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Dry Bulb Temperature Wet Bulb Temperature



Inspecting the Week 2 Data (Clear day)
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Tdb anomaly – Twb anomaly

°C
hPa

Water Vapor anomaly
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Ta ~ Tree, Shadow, IMP

Dry Bulb Temperature

Wet Bulb Temperature



Best Subset Regression: using BIC

Do Ta ~ Tree + Shadow

Dry Bulb Temperature Wet Bulb Temperature

Do the suggested best model: Ta ~ Shadow + IMP



 The cooling effect of Tree Canopy Cover is seen, and the cooling effect of Building

Shadow is proved. The impervious layer has warming effect. However, the

landcover dataset constrains the method, indicating that only one of the inter-

correlated tree and impervious indices should be used.

 Wet bulb AHUI is narrower in the range of variation. Dry bulb AUHI has stronger

variability.The spatial pattern of wet bulb AHUI is smoother than that of dry bulb

AHUI. Cold and humid spots in a dry bulb AUHI transect can become hot spots in

it’s corresponding we bulb AUHI transect. The cooler isn’t always more comfortable!



 To investigate the sea-breeze-related pattern, more cyclist volunteers were

recruited.They encouraged to spread out their biking routes.

 Some interesting ideas about the shadow pattern will be tested in the future:

 Shadow gradient pattern: how different times of a day alter the Shadow-Ta correlation. A

guess is that the correlation is more negative in the afternoon than in the morning.

 How the Shadow-Ta relationship changes with weather condition (Clear-Overcast).

 How SVF gets involved.



Tree Shade Open Area



GIS-based SVF
computation

360*90 = 32400 individual shadow

graphs were generated
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0917 5-6 pm
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