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Abstract: The installation of solar roofs is expected to alleviate the energy crisis caused by 

urbanization and the destruction of urban thermal environment to a certain extent. The heat 

transfer model of solar panels is introduced into the WRF multi-layer urban canopy scheme, and 

the effects of solar roofs in two installation forms (attached roof and scaffolding roof) on urban 

thermal environment and energy consumption balance are simulated online, and a typical heat 
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wave weather was selected. The results show that :(1) Installation of the attached solar roof can 

reduce 2m temperature by 0.29°C during the day, and the cooling effect is better than that of the 

scaffolding roof, but the drop of temperature at night is small. The scaffolding roof cools down to 

0.23 °C during the day, and the effect of cooling at night is obvious. Compared with the ordinary 

roof, the temperature is lowered by 0.60 °C. (2) The solar roof can really cool down the city 

during the day, but it will also weaken the turbulence, inhibit the development of the daytime 

boundary layer and reduce the height of the boundary layer. In the case of strong turbulence 

development, the weakening effect of solar roofs is more obvious. (3) In addition to the impact of 

solar roof on urban meteorology, the most important thing is its contribution to energy. From the 

results, the power generated by solar panels can afford 54.5% of the energy consumption of air 

conditioners in commercial areas. 

Key word: Solar roof̆ Urban canopy schemĕUrban thermal environment̆ Energy 
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Ṝ ̆ └‛ ᶏ Ӟ ̆ ῤ ᴪ



 

 3 

֟ ⱴ ᵬ ̂Hassid̆ et al̆ 2000̃ Ȃ ̆ ᶏ Ӟᴪ ̆

ⱴ▲ ѿ ↓ ̆ ⱬ ≠ Ῥ ̂

̆2013̃ Ȃ 

̆ № ҹ ⁞̆ ԅ

῀ ̆ ֟ ⁞ץ ᶏ ⁞̆ Ȃ

ԍ Ṝ ̆ ᶏ ᴪ   ȁ Ữ

ץ ׆̆   Ȃᾣᴟ ⌠ └

̆ ╠ ̂Sailor̆ et al̆ 1995̕ Atkinson̆ et al̆ 2003̃ ̆

ᾣ ̆ ̆ ̆ ᴰ ̆ Ҭ

ᶏ ᴪ Ȃ[╠ֲ ]Salamanca ̂2016̃

ῤ ᴰ ̆ ῒ ᵬѿҩ ̆ ̆ ҍWRF ̆

̆֒≠ ᶏץ ᵞ 0.8°C̆ ⁞

11%-14%ȂGolden ̂2006̃ ᶷ ԍᾣᴟ ᴆ ᶏ ⁞ץ ׆̆

⁞ ᵬ Ȃᵖҍ Y̆utaka ̂2003̃ ԅ қ֤ ᶏ ᾣ

ᴟ └‛ ̆ ̆ ᾣᴟ ̆ῒ ҉

100W·m
-2̆ ᴪ Ȃ ̆ ̆ᴪ

ᾢ ᴰ ̆ ̆ ȂDominguez

̂2011̃ ԅᾣᴟ ̆ 4 ᾣᴟ ᴆҊ ῤ

ᵞ 2.5°C̆ᵖ ҉ ԍᾣᴟ ᵬ ̆ ῤ ԍ Ȃᾣᴟ

̆ῃ ⁞ 5.9kwh·m
-2 └‛ ȂMasson ̂2014̃

ᾣᴟ ᴆ ₮̆ ᶏ ᾣᴟ ⁞ 12% ȂYang ̂2001̃

ԅ ᾣᴟ ᴰ ̆ ԍᾣᴟ ᴆ ᵬ

̆ҍ ‛ ⁞ ԅ 65%Ȃ ̂2019̃ ≠ ԅ  

WRF ̆ ԅҌ ᵬ Ȃ 

╠ ԍ ᾣᴟ ᴰ ҍ ӊ̆╠ Masson ̂2014̃

TEB, ᾣᴟ ᴆ Ṝ Ȃ ̂2019̃ ╝

ᾣᴟ Ȃ Salamanca ̂2016̃

ҍWRF   ̆ᵖ ԅᾣᴟ ῤ ΐᵣ ᴰ ̆

ᾣᴟ ׅ ѿ Ȃ 

[ ℗῀ ] ₃ ̆ғ ֒ ̆ ◐



 

 4 

└̆ ◐ Ҋ Ҋ̆ ⌠

Ȃ ғ ѿ ҉ץ% 95 ̆ᵖ Ữ Ҭ̆ ≠

ҙỮ ֽҹ 28.4×10
8
t̆ ῃ 0.58 %̆ ԅ ⱬ ҙץ

῀ҹҺ ̂ ̆2006̕ ↔ ̆2017̃ Ȃᾣᴟ ᶏ ѿ ҉Ӟ

῀ Ȃ 

[ ‗ ῏ ] ԍ҉ ̆ ᵬҹ Ȃ Һ

ҹ̔1. ᵀ BEP/BEM ԍ Ṝ Ȃ2.

̆ ԍ Ṝ Ȃ 

ԋ ῏  

װ 2.1  

2017 ̆ ⌠ ̆
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̆ᵬҹ Ȃ 1№≢ ԅ ԍ 30°C 35°C

ᶛȂ׆ Ҭ ץ ₮̆ № └Ȃ 
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Table 1.Proportion of stations with temperatures above 30°C and 35°C in Jiangsu Province from July 21st 

to 27th ̂BT̃ 

 21  22  23  24  25  26  27  

>35°C  0.88 0.99 0.99 1 0.67 0.64 0.93 

>30°C  1 1 1 1 0.96 0.98 1 
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ᵞ ᵟ (30%-70%)̆ ᵟ (70%-90%) ҙ (>90%)Ȃ ҈

ῤ № ’ 1 ̆ῒҬ ᵟ Һ Ҭԍ қ Ȃ 
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1 ̂ã ̂b̃ ῤ ≠ №  

Figure 1. (a) Black rectangles indicate D01, D02, D03 simulation areas and terrain height (unit: m), (b) Land-use 

types for the triple nesting of WRF simulations and the underlying surface of D03 
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Figure 2. Roof installation method 
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Table 3. Thermodynamic parameters of each layer of photovoltaic panels 

 ̂W·m -1·K -1̃ ̂kg·m -3̃ ̂J·kg -1·K -1̃ ̂mm̃ 

 1.04 2500 835 4 

ᾣᴟ ᴆ 150 2330 950 0.3 

 0.14 1475 1130 5 
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Table 4. Description of the parameters in the formula 
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3.1  

 

3 (2m ̆2m ̆10m ) ҍ ṿ ↓ ̂a,e,iף ᵞ ᵟ ̆

b,f,jף ᵟ ̆c,g,kף ҙ ̆d,h,lף ̃ 

Figure 3. The comparisons of simulated and observed values of 2m air temperature, 2m relative humidity, 10m 

wind speed (a, e, i represents low-density residential areas, b, f, j represents high-density residential areas, c, g, k 

represents business district, d, h, l on behalf of the suburban) 
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4 7 24 2m ҍ №  

̂a.02:00,b.08:00,c.14:00,d:20:00Ȃ Ҭ ṿף ṿ̃ 

Figure 4.Distribution of simulated and observed values of 2m temperature in Jiangsu Province on July 24th 

(a.02:00, b.08:00, c.14:00, d: 20:00. The values in the figure represent the temperature observations of the weather 

station)  
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ҹ1.02̆ 1.09°C Ȃ ҙ ҹ0.98̆ ҹ0.83°C ̆ ᵣ Ȃ 4

ԅ 2m № ҍ ׆̆’ ҬӞ ץ ₮̆

₮ № ̆ ṿҍ ṿ ̆p

Ẓᵞ̆№ ῒ   Ҭ Ữ Ҍ ᾟ№Ȃ

̆ Ҍ ̆ ̆ № ԍ Ӟ ᴪ

Ȃ 5 ̆ ⌠0.96̆ ҹ1.36°C ̆SD_OҍSD_P ṿ

⌠0.88Ȃ ץ ԍ ḤȂ 

̂2017̃ ԅ2017 ҈ ѿ ̆ ̆ ԍ

̆ RSME№≢ҹ7.8%̆ 5.5%Ȃ ̆ Ẓ ̆

ῒҬ ᵟ RSME ⌠11.03%Ȃᵖ׆ ̆ SD_Ŏ҉ץ0.85⌠

ҍSD_P ṿӞ Ȃ Ҭ ԍ ᵀ ̆ ԅ ҙ ⌠

ԅ0.9̆ῒז ᵞԍ0.75Ȃᵞ ̆ ̆ №≢ ⌠ԅ0.95̆ 0.97̆

1.12m/s̆ ≢ ȂWRF ԍ Ҍ ‰ ̆Һ № Ҍ ̆

‰ ₮ ԍ ȁ ץ ᴟ ԍ Ȃ 

5 ̆ ̆ ҍ Ẓ  

Table 5. Deviation index of air temperature, relative humidity, and wind speed between urban and suburban 

  IA RMSE SD_O SD_P 

ᵞ ᵟ  

T2m(°C)  0.97 1.09 3.03 3.52 

RH2m(%) 0.88 10.24 14.55 13.67 

WS10m(m/s) 0.71 0.95 0.70 0.80 

ᵟ  

T2m(°C)  0.97 1.02 3.12 3.44 

RH2m(%) 0.86 11.03 14.16 12.90 

WS10m(m/s) 0.69 0.97 0.67 0.80 

ҙ  

T2m(°C)  0.98 0.83 3.26 3.43 

RH2m(%) 0.87 10.56 15.38 12.75 

WS10m(m/s) 0.90 0.49 0.72 0.90 

 

T2m(°C)  0.96 1.36 3.03 3.90 

RH2m(%) 0.92 7.63 13.61 13.21 

WS10m(m/s) 0.64 1.12 0.68 0.77 
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3.2 2m  

῀ ҹ ̆ 06:00-18:00 ҹ ̆ῒᵩ ҹ

Ȃ 5 ᾣᴟ 2m ̆ῒҬ ҙ ᴟ ҹ Ȃ׆ Ҭ ץ

₮̆ᶏ ᾣᴟ ̆ ҙ ᵞ 0.12-0.23°C ̆ ᵞ

0.21-0.60°C Ȃ 0.10-0.29°C ̆ ₃ӍҌ ̆ № ₮

Ȃ 

 

5  2017 7 21 -27 ᾣᴟ ҍ └ ᶛҬ2m (°C) ṿ̂ã ̂c̃№≢ף

06:00-18:00 ̆̂b̃̂d̃ף 19:00-05:00  

Figure 5. The mean 2m air temperature difference value between photovoltaic roof .(a)(c) are the average 

cooling rate of the bracket and attached roof during the day respectively from 06:00-18:00, (b)(d) are during the 

night (19:00-05:00) respectively during July 21st to July 27st, 2017 

ᾣᴟ ᶏ ᴪ ̆ ṜȂ ⱴ

ᵞ ̆ ԍ Ҍ Ȃ 6 ԅᾣᴟ

╠ Ȃ ῀ № ҹ Ữ ̆

ᾣᴟ ᴪ╝ ҉ Ȃ 12 ̆ ῀ ṿ ⌠

ṿȂ └ ᶛ̆ ᵞ ᵟ ̆ ᵟ ҙ ⁞

ṿ№≢ҹ 20.93̆ 42.39̆ 59.99W·m
-2Ȃ ԍ ̆ ץ Ȃ
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⁞ ⱴ ̆№≢⁞ ԅ 39.03̆ 83.65̆ 109.66W·m
-2Ȃ׆ ̆

Ҭ ̆ᾣᴟ № ̆ Ҭ Ữ ᵞ̆ 8

Ҭ ᵞԍ Ӟᶷ ԅ ῀ ῤ ⁞ Ȃ

ῒ̆ ᵞԍ ̆ ῤ ᵞ̆

Ȃ

 

6 └ ᶛ ң ᾣᴟ ̂aף ᵞ ᵟ ̆bף ᵟ ̆c

ף ҙ ̆dף ̃ 

Figure 6. Average sensible heat flux diurnal variation characteristics of two types of photovoltaic roof (a: 

low-density residential areas, b:high-density residential areas, c:commercial areas, d:suburbs) 
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7 └ ᶛ ң ᾣᴟ ̂ 5̃ 

Figure 7. Average latent heat flux diurnal variation characteristics of two types of photovoltaic roof 
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8 ᶏ ᾣᴟ ╠ (aҹ ̆bҹᾣᴟ ҍ ṿ) 

Figure 8. Waste heat from construction (a is waste heat discharge from each roof ,b the difference between 

photovoltaic roof and ordinary roof) 

3.3 ֢  

ꜚ ᵬҹ Ҭ ӊѿ̆ ῏ ⌠ ῤꜚ ̆

Ȃ ᾣᴟ ̆ ԍ ꜚ Ӟ ᴪ֟ Ȃ           

ץ ֤ ҹᶛ̆ 9 ԅ ֤ 7 21 27 ꜚ № Ȃ 

 
9 ֤ ꜚ № ̂a: ̆b: ̆c: ̃ 

Figure 9. Vertical distribution of flow energy of roofs in Nanjing Station (a: normal roof, b: scaffolding roof, c: 

attached roof) 
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