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[bookmark: _Hlk153487152][bookmark: OLE_LINK1]Supplementary note 1. Effective sky emissivity.
[bookmark: OLE_LINK4]Spectral atmospheric emissivity is very complicated due to the different constituents of the atmosphere, along with the varying weather and climate conditions, so numerous studies assume that the atmosphere is a grey body and propose the concept of effective sky emissivity to evaluate the thermal radiation properties of the atmosphere. The effective sky emissivity is usually expressed as a linear or quadratic equation as a function of dew point or ambient temperature. It is worth noting that we need to consider those application conditions when using these simple formulas. For example, some of the equations are developed for specific conditions such as arid regions, at sea level, clear sky, or specific wavelength range, while others may consider one or more of the following conditions such as day-night effect, seasonal effect, and water vapor pressure, as summarized in Table S1. For instance, certain equations are tailored for particular scenarios, like arid regions, sea level conditions, clear skies, or specific wavelength ranges. While other equations might only be practicable within specific region. These conditions are outlined in Table S1.
Table S1 summary of effective sky emissivity formulas 1-15. (ε is the sky emissivity; εsky, clear is the clear sky emissivity; PPW is the partial water pressure (millibar); Tdp is the dewpoint temperature (Kelvin); Tamb is the ambient temperature(Kelvin); Z is altitude (km); RH is the relative humidity; Patm is the barometric pressure (millibar).
	Correlation
	Validity condition

	ε=a+b(Ppw)-0.5
	Clear sky; Zenith angle dependent

	ε=1–0.26exp[-7.8×10-4(273.15-Tamb)2]
	Latitude and season

	ε=0.67(Ppw)-0.08
	Clear sky; 0.2＜Ppw＜20 mb

	ε=1.24(Ppw/Tamb)0.14
	Clear sky; 
Nearly standard atmosphere

	ε=0.1+3.53×10-8(Ppw)-2exp(3000/Tamb)
	Clear sky;
10.5–12.5 μm; only for Phoenix

	ε=0.24+2.98×10-8(Ppw)-2exp(3000/Tamb)
	Clear sky;
8–14 μm; only for Phoenix

	ε=0.601+5.95×10-8(Ppw)-2exp(1500/Tamb)
	Clear sky;
For the Antarctic and Arctic

	ε=[5.7723+0.9555×(0.6017)z]
×(Tamb)1.893RH0.0665×10-4
	Clear sky;
Nighttime and altitude-dependent
-10°C＜Tamb＜+ 30°C
40%＜RH＜100% (relative humidity)
altitudes from 0 to 3 km above MSL

	ε=0.741+0.0062×(Tdp-273.15)
	Nighttime clear sky;
For the Southern United States; 
Tdp is dew point temperature

	ε=0.727+0.0060×(Tdp-273.15)
	Daytime clear sky;
For the Southern United States

	ε=0.711+0.56(Tdp/100)+0.73(Tdp/100)2-0.013cos(2πt/24)+0.00012(Patm-1000)
	Nighttime clear sky and altitude-dependent

	ε=0.770+0.0038×(Tdp-273.15)
	Nighttime clear sky

	ε=0.72+0.009×(Ppw-2)
	Clear sky; Ppw≥2

	ε=0.72+0.076×(Ppw-2)
	Clear sky; Ppw＜2

	ε=0.754+0.0044Tdp
	Nighttime clear sky;
Negev highlands, Israel

	ε=1.18(Ppw/Tamb)0.143
	Clear sky;
For Andean Altiplano,Bolivia

	ε=εclear+N[1-(D/Tamb)4-εclear]
	Cloudy sky; Altitude dependent;
D is a constant related to altitude

	ε=εclear+C[1-εclear]
	Cloudy sky;
where C is a constant related to cloud fraction

	ε=1.18[-0.34(Psolar,real/Psolar,cloudy)+1.37]
	Cloudy sky;
For Andean Altiplano,Bolivia

	ε=C(Ppw/T)[1.67-0.83(Pshortwave/Pextra)]
	Cloudy sky;
For Zongo, Bolivia





Supplementary note 2. Atmospheric spectral irradiance
[image: ]
Figure S1 Atmospheric spectral irradiance of different standard model atmospheres based on MODTRAN. a. tropical, b. mid-latitude summer, c. mid-latitude winter, d. sub-arctic summer, e. sub-arctic winter, and f. U.S. standard 1976.


Supplementary note 3. Temperature control of the feedback heating system.
Maximal radiative cooling power occurs when cooler temperature equals ambient temperature. During power measurement, a feedback heating system is developed and applied. Temperature sensors continuously monitor both the ambient temperature and cooler temperature, and the supplied heating power is dynamically regulated based on the temperature difference input to ensure the cooler temperature always equals the ambient temperature. So, the supplied heating power is assumed as the maximal radiative cooling power of the cooler. To evaluate the efficacy of the feedback heating system, we have conducted pre-testing across diverse weather conditions. Results show that the cooler temperature is controlled to be consistent with the ambient temperature with an absolute difference below 0.5°C (Figure S2).
[image: ]
Figure S2 Ambient temperature and cooler temperature during the maximal radiative cooling power measurement based on feedback heating system.



[bookmark: _Hlk151387493]Supplementary note 4. Theory of pyrgeometer.
A pyrgeometer is a device that can measure the infrared radiative power, so it is applied to monitor the download atmospheric radiative power. The wavelength range for the commercial pyrgeometer is typically from approximately 3.5 μm to 50 μm.
The sensor integrated into the pyrgeometer can output resistance/voltage changes when the net radiative heat power occurs between itself and surroundings, so it can characteristic the net radiative heat transfer power between the surface and atmosphere, which can be expressed by:

		
where, Enet is the net radiation power of the sensor surface, Ein is long-wave radiation received from the atmosphere, and Eout is long-wave radiation emitted by the sensor surface. Uemf is the output voltage, and S is the sensitivity factor of the pyrgeometer. 
To derive the absolute downward atmospheric radiative power, the temperature of the pyrgeometer needs to be taken into account and it is simultaneously measured using a temperature sensor inside the pyrgeometer. In addition, the pyrgeometer is considered to be a black body. Thus, Ein can be obtained:

		
where, T is the absolute temperature of the pyrgeometer sensor.





Supplementary note 5. ESE-RC simulation method 
The radiative cooling power of the cooler calculated by ESE-RC simulation method could be expressed by:

		
In addition to Patm(Tamb), the calculation methods for Prad and Pnon-rad are identical to those used in the BG-RC simulation method. The Patm(Tamb) in ESE-RC simulation method is calculated by the EFFECTIVE SKY EMISSIVITY model.
The EFFECTIVE SKY EMISSIVITY model considers the atmosphere as a gray body, disregarding the actual spectral characteristics of the atmosphere. In the experiment validation, to calculate the absorbed atmospheric radiation on the surface, we utilize the following empirical formula 2 for the equivalent sky emissivity:

		
It should be noted that the formula has specific conditions for its application: clear sky conditions in the areas of Tucson, Arizona; Gaithersburg, Maryland; and St. Louis, Missouri.
The absorbed atmospheric radiation of the cooler can be expressed by:

		
where εs is the effective emissivity of the radiative cooler.




Supplementary note 6. MODTRAN-RC simulation method
The radiative cooling power of the cooler calculated by MODTRAN-RC simulation method could be expressed by:

		
[bookmark: _Hlk158133365]In addition to Patm(Tamb), the calculation methods for Prad and Pnon-rad are identical to those used in the BG-RC simulation method. The Patm(Tamb) in MODTRAN-RC simulation method is calculated by the MODTRAN model.

For MODTRAN model, the atmospheric spectral transmittance is obtained from the MODTRAN model, so we call it as ‘MODTRAN model’ 16. In the MODTRAN model, the absorbed atmospheric radiation of the cooler can be expressed by:

		
where, Ibb(λ,T) is the spectral irradiance of a blackbody at the ambient temperature, ε(λ,θ,φ) is the cooler’s spectral-angular emissivity, εatm(λ,θ) denotes atmospheric spectral-angular emissivity. εatm(λ,θ) is the key parameter in this model and can be calculated by:

		
where, t(λ) is the atmospheric transmittance in the zenith direction and is usually obtained from MODTRAN. It is important to note that in the MODTRAN software, we have the option to select weather conditions, allowing the software to generate different atmospheric transmittance spectra. In the experimental comparison process described below, for experiments conducted on clear days, we choose the "no cloud or rain" configuration in MODTRAN. For experiments conducted on cloudy days, we select the "cumulus cloud base" configuration.



[bookmark: _Hlk151400480][bookmark: _Hlk151469896]Supplementary note 7. Detailed information of Hefei, Haikou, and Lasa.
Hefei, Located in the central region of China, serves as the capital of Anhui Province. The city boasts a subtropical humid monsoon climate and is characterized by well-defined seasons. During the summer, Hefei experiences hot and humid weather, with temperatures frequently surpassing 30°C. Besides, winters are cool and relatively dry, occasionally accompanied by frost.
[bookmark: OLE_LINK2]Lhasa, Situated on the Tibetan Plateau, serves as the capital of the Tibet Autonomous Region and showcases a unique highland climate. Known for its thin air and breathtaking landscapes, Lhasa experiences cool summers with daytime temperatures averaging around 20°C. In contrast, its winters are characterized by harsh conditions, with temperatures often plummeting below freezing. 
Haikou is the capital of tropical Hainan Island and enjoys a tropical monsoon climate, which experiences consistently high temperatures year-round, with summers being particularly hot and humid, often exceeding 30°C. However, winters in Kaikou are mild and comfortable, making Haikou an appealing destination for humans.
Table S2 Specific information for three different cities.
	City
	Latitude
	Longitude
	Climate Type
	Average Humidity

	Hefei
	31.8°N
	117.2°E
	Subtropical Monsoon
	80%

	Haikou
	20.0°N
	110.2°E
	Tropical Monsoon
	85%

	Lhasa
	29.6°N
	91.1°E
	Highland Monsoon
	36%


[bookmark: _Ref147916446][bookmark: _Ref147916440][image: ]
Figure S3 Locations of three experimental cities.


[bookmark: OLE_LINK3]Supplementary note 8. Experimental validation in Lhasa, China, and Haikou, China based on the selective radiative cooler.

[image: ]
[bookmark: _Ref147239178][bookmark: _Hlk151469961]Figure S4 Experimental demonstration in Lhasa, China, and Haikou, China. a-c. Measured and predicted cooling power under different locations and weather conditions using broadband cooler with measured atmospheric radiative power and relative humidity plotted as references (a.Lhasa clear sky(06.04.2023), b.Lhasa cloudy sky(16.04.2023), c. Haikou cloudy sky(24.04.2023)). d. Mean biased error of the predicted results obtained by the proposed BG-RC simulation method, MODTRAN-RC simulation method and ESE-RC simulation method, based on the broadband cooler.
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