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1. Introduction

* Background

* Urban heat island (UHI) is defined as the air temperature difference between the
urban area and the surrounding rural area.The terms ‘urban’ and ‘rural’ are vague and

subjective; Inadequate to describe the complexity and variety of a field site.Has little

or no climatological relevance;

* Stewart and Oke developed the Local Climate Zone (LCZ) system. This system aims to

provide an objective and standardized classification protocol for urban temperature

studies for most cities.

* However, the varieties of climates, weather conditions, urban morphologies, and the
LCZ types studied are limited in the previous testing of the LCZ scheme.
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1. Introduction

* The purpose of the study

* To assess the thermal behavior of different LCZ classes;

* To evaluate the applicability of the LCZ scheme to cities in China using
empirical data.



2. Materials and methods

* Study area
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Fig.1. The study area and the
locations of the 14 selected local
climate zone (LCZ) sites and the
three national meteorological
stations in Nanjing, China.
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2. Materials and methods

* LCZ site selection
(1)Preliminarily selected by viewing satellite images
(2) Conducting field visits.
* The principles :

a) Radius :500m( should be reasonably uniform in surface structure, land cover,
construction material, and land function; )

b) Should be diverse enough to enhance the comprehensiveness of the study.



2. Materials and methods

| C/ site selection

Table 1
Site metadata for the 14 selected local climate zone (L.CZ) sites in Nanjing.

LCZ Satellite image
clas&lﬁcﬂlil’" fondivie BNN iy

. :
i,
LCZ A dense trees

LCZ 54 open mid-rise
with open low-rise

LCZ 24: compact mid-r
with open high-rise

LCZ 2y compact mid-rise

with scattered trees
k1 i
'Y e 'J
LA
- . wo LCZ By scattered trees
./.-' : ‘ d with paved
ended 4 4 ‘M’ LCZ 8! large lowsrise
LCZ 2: compact mid-r| T
LCZ 4: open high-rise l l"
y

LCZ D: low plants
& 8 R
ST iy CTAL
sy

: LCZ 94 Sparsely built y
LCZ 2y compact mid« ’ il dor} 4
‘ with open mid-rise
with compact low-ris U —a
LCZ 5: open mid-rise LCZ G: water

o~ 4

Aug

HW->1
SVF. —
BSF: 1%
ISF: 2%
HRE-8Sm
TRC: 8
(oatural mened
forest)
HW

SVF:- 053
BSF: <1%
ISF: 16%
HRE 6é6m
IRC:-4
(land 10 be
developed)

HW:<0.]
SVF: 091
BSF: 2%
ISF: %
HRE <Im
IRC 4

(agrxcubare)

HW

SVF. 088+
BSF: <IN
ISF 1%
HRE
IRC:1
(urban lakc)

m*

dal)

s)



2. Materials and methods

* Air temperature measurement

* Spatially averaged temperatures (R<100,three points);

* HOBO U23-001 Pro v2 Temp/RH data logger(keep away artificial heat
source and obstacles);

* Recorded in the internal memory at 1-h intervals;
* Data collected from July 21, 2016 to August 26, 2017 (401 days in total).

* |dentification of ‘Ideal’days

@, = 0.7;
with no precipitation in the preceding 24h.
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2. Materials and methods

* Temperature-based indices
heat island (HI) and cool island(Cl) (AT czv-1czD )

(tLCZ X,i — tLCZ D,i) > 0.5  (HI degree-hours))
1

HIldh =

n

l

Cldh = Y~ ,(tLCZ D,i — tLCZ X,i) > 0.5  (Cl degree-hours)

m

HDD18 = 2(18 —tLCZ X, k) + (heating degree-days)
=1

CDD26 = Y™ . (tLCZ X,k — 26) + (cooling degree-days )

warming / cooling rates (°C /h)
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3.Results and Discussion

* Hourly temperature differences
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3.Results and Discussion

* Hourly temperature differences
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Fig. 3. The temperatures of the surface water (T, puce warer); air above water
(T gir-0.2m and Ty, 2y,) for LCZ G and the air temperature at the suburban national
meteorological station (Tpetearologicat staiion) from September 15-18, 2017.



3.Results

* Frequencies of heat and cool island events
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Fig. 6. Frequencies of heat island, cool island, and neutral events for the local climate zone (LCZ) classes in Nanjing for the entire study period (July 21, 201 6-August
26, 2017): 4&] from sunset to sunrise + 2 h (5471 h in total); (b) from sunrise + 2 h to sunset (4153 h in total). |ﬁ heat island event is defined as a ATyes ¥ — 1oz
n = 05°C; a cool island event is defined as a ATy v_1ezn = —0.5°C; a neutral event is defined as a AT} o x_ 12 p Within 0.5°C of zero. See Table 1 for the
definitions of the LCZs.




3.Results and Discussion

* Temperature-based indices
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Fig. 7. Accumulated heat/cool island degree-hours (Hldh/Cldh) in the local Fig. 8. Changes in values of cooling degree-days (CDD26) and heating degree-
climate zone (LCZ) classes relative to LCZ D for the period (July 21, days (HDD18) in the local climate zone (LCZ) classes relative to LCZ D for the
2016-August 26, 2017). See Table 1 for the definitions of the LCZs, period (July 21, 201 6-August 26, 2017). See Table 1 for the definitions of the

LCZs,



3.Results and Discussion

* The hourly temperatures for LCZ D and dally variations of the temperature
differences AT, x_cz p for an ‘ideal’ day of each season in Nanjing.

(a) Nov. 4, 2016 (Fall) (b) Feb. 13, 2017 (Winter) (c) Apr. 22, 2017 (Spring) (d) Jul. 23, 2017 (Summer)
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Fig. 11. The hourly temperatures for LCZ D and daily variations of the temperature differences (AT ¢ x jce p) for the four selected local climate zones (LCZs) for an
‘ideal’ day of each season in Nanjing, The vertical dashed lines represent the time of sunset and sunrise of the day.



3.Results and Discussion

Cooling/warming rates (°C h™')

* hourly cooling/warming rates and temperature differences (ATLCZ X—LCZ D)

averaged for the ideal days.

Cooling/warming rates (°C h™")
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Fig. 12. Nocturnal (from sunset — 2 h to sunset + 12 h) hourly cooling/warming rates(left). Diurnal (from sunrise
— 2 hto sunrise + 12 h) hourly cooling/warming rates (right). Times are normalized to sunrise.



4. Conclusions

* Each LCZ class presents a type of distinguishable thermal behavior that Is
assoclated with its surface structural and land cover properties;

* Further research should explore the physical mechanisms of temperature
differences among LCZ classes;

* The mechanisms of the cool island phenomenon for different categories of
LCZs and the timings of maximum heat island intensities are worthy of
further investigation.
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