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S1 Calculation model 
A theoretical model was built to calculate the temperature drop based on the energy balance law, which could also be found in our previous work [S1]. To simplify the calculation, a zero-dimensional model is considered here, where radiative coupled evaporative cooling and heating occur on the surface, which can be described as: 

		(S1)
where  was the radiative cooling power,  was the evaporation cooling power of the hydrogel,  was the radiative coupled evaporation cooling power,  is the heater's power. 
Heat transfer model
 can be calculated as follows:

		(S2)
where  was the radiative power, was the absorbed solar power, was the absorbed radiative power from the atmospheric irradiation, was the non-radiative heat transfer power between the hydrogel and the ambient.
 can be calculated as:

		(S3)
[bookmark: _Hlk89379268]where  is the spectral directional emittance,  is the spectral intensity of a blackbody at the temperature T, which can be calculated by Planck’s law: 
		(S4)

whereis the Planck constant, is the Boltzmann constant, is the speed of light in a vacuum, and  is the wavelength.
 can be expressed as：

		(S5)
where  is the spectral solar intensity at AM 1.5.
 can be expressed as:

		(S6)
where  is atmospheric emittance as a function of incident zenith angle θ and wavelength, which can be approximated by: 
		(S7)
where  is the atmospheric transmittance in the zenith direction, and it depends on the ambient temperature  and relative humidity . Here we first converted the parameter pair (,) to the precipitable water vapor (PWV) [S2] and then input PWV to MODTRAN to achieve the atmospheric transmittance [S3].
 was defined as:
		(S8)

where  is the non-radiative heat transfer coefficient, including the conductive and convective processes. 
Mass transfer model
 can be calculated based on the mass change rate：

		(S9)

where  is the vapor mass flux, which can be calculated in the mass transfer model,  is vaporization latent heat at the temperature T.
 is phase change latent heat at the temperature T, which can be calculated by [S4]：
		(S10)


[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3] is the vapor mass flux, which can be calculated by the water vapor concentration difference between the ambient and the surface, can be written as [S5]:
		(S11)



where  was the mass transfer coefficient of the water vapor,  and  were the vapor concentration of water vapor in the ambient and near the hydrogel surface, respectively, which can be calculated based on the Ideal Gas Law:
		(S12)




where  was the atmospheric pressure, and  were the molecular mass of water and air, respectively,  was the saturation vapor pressure in units of [10-3 bar], which can be determined by 6:
		(S13)
For T in 0  60 °C, A = 8.10765, B = 1750.286, C = 235. 
Supplementary Figures
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Fig. S1 Effect of RH on the heat dissipation performance. a Atmospheric transmittance spectra, b temperature, and c mass changes of the ideal REC at different RH
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Fig. S2 Effect of Tamb on the heat dissipation performance. a Atmospheric transmittance spectra, b temperature, and c mass changes of the ideal REC at different Tamb
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Fig. S3 Water capture performance calculation. a Vapor pressure at different mLiCl. Mass change of the sample at different b mLiCl, c Tamb, and d RH

[bookmark: _Hlk201822569][image: ]
Fig. S4 Calculated water change in the nighttime (Tamb = 25 oC, RH = 90%), daytime (Tamb = 35 oC, RH = 30%), and all day at different heating powers based on different LiCl mass fractions (a for 10%, b for 20%, c for 30%, and d for 40%)
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Fig. S5 Optical images of the hydrogel after soaking a pure water, b 4 M LiCl solution, and c their mass changes
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[bookmark: _Hlk202186360]Fig. S6 a Spectral reflectance and b water capture performance of photonic hydrogels after soaking in different LiCl aqueous solutions
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Fig. S7 a SEM and b EDS mapping images of the photonic hydrogel at the cross-section
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[bookmark: _Hlk201841422]Fig. S8 a X-ray diffraction results (XRD) and b Fourier-transform infrared (FTIR) spectroscopy results of the photonic hydrogel
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Fig. S9 a Spectral reflectance of hydrogels, b average solar reflectance () and mid-infrared thermal emittance () with different hBN mass fractions (mhBN) at a water content of 20 wt.%
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Fig. S10 Tensile strain of the photonic hydrogel with Al2O3 or without Al2O3
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[bookmark: _Hlk202186433]Fig. S11 a Spectral reflectance and b water capture performance of photonic hydrogels with different Al2O3 mass fractions
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Fig. S12 Spectral reflectance of hydrogels with different thicknesses at a water content of 20 wt.%. Backgrounds are the normalized solar irradiance (yellow) and atmospheric transmittance windows (cyan)
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Fig. S13 Spectral reflectance of hydrogels with different water contents. Backgrounds are the normalized solar irradiance (yellow) and atmospheric transmittance windows (cyan)
[bookmark: _Hlk202189894][image: ]
Fig. S14 90º peel test for interfacial toughness measurement on different substrates
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Fig. S15 Schematic diagram of the indoor experimental setup in the constant temperature and humidity chamber
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[bookmark: _Hlk202186668]Fig. S16 Water capture and release cycle of the photonic hydrogel (initial water content of 15 %). Here, water capture under RH = 90%, and Tamb = 15 oC with a low workload of 100 W m-2, and water release under RH = 30%, and Tamb = 25 oC with a high workload of 1020 W m-2

[image: ]
[bookmark: _Hlk202186743]Fig. S17 Saturated mass change of REC hydrogel at different a Tamb, and b RH in the nighttime with a low workload
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Fig. S18 Schematic diagram of flame retardancy experiment setup and its optical images at 1200s
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Fig. S19 Schematic diagram of the outdoor experimental setup
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[bookmark: _Hlk202186539]Fig. S20 Spectral reflectance of the reference substrate heater and SEBS@hBN radiative cooler from Ref. 7
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[bookmark: _Hlk202187435][bookmark: _Hlk201751896]Fig. S21 Continuous all-day cycle performance of REC hydrogel (initial water content 10 wt.%), and RC paint from 2025-06-15 to 2025-06-16 (Pheating = 200 W m-2 in the all day), including solar intensity, RH, and ambient temperature
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Fig. S22 a Optical images of the dried hydrogel, b its cross-section SEM image, and c the substrate
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Fig. S23 a Spectral reflectance and b water capture performance of photonic hydrogels after being placed outdoors for ten days
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Fig. S24 a to c Spectral reflectance and b water capture performance of different hydrogels at a water content of ~ 10 wt.%. Here, PVA, PAAm, and HPMC hydrogels were prepared based on ref. 1, 8, and 9
Table S1 Average temperature in daytime and nighttime for the all-day experiment
	
	Tamb / oC
	Tsubstrate / oC
	TREC / oC
	TRC / oC

	Daytime
	10.1
	70.8
	49.9
	61.9

	Nighttime
	6.0
	6.4
	5.7
	6.0


[bookmark: _Hlk202192448]Table S2 Total cost of materials in the design hydrogels
	Reagent
	DMAPS
	hBN
	Al2O3
	APS
	PEGDA
	LiCl
	Total

	[bookmark: _Hlk201752875]Price / $ m-2 mm-1
	32.44
	1.11
	0.19
	0.10
	0.15
	32.05
	66.04
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Table S3 A comparison of cooling performance for different materials at sub-ambient and above-ambient conditions
	Refs.
	Materials
	Solar reflectance
	Mid-infrared emittance
	Temperature drop
	Reference

	[S10]
	Bilayer
Aerogel-hydrogel
	0.98
(50 wt% h-BN)
	0.95
	8.2 oC
	Ambient

	[S11]
	Bilayer
P(VdF-HFP)-P(VdF-HFP)@CaCl2
	0.90
	0.83
	10.8 °C
	Ambient

	[S12]
	Bilayer
Fiber-PVA@CaCl2
	0.93 (Top)
0.78 (Bottom)
	0.94
	10 °C
	Ambient

	[S13]
	Single layer
ZrO2@PAAm-LiBr
	0.90
(without water)
	0.88
	5.0 oC
	Ambient

	[S14]
	Singe layer
PDMS-S@LiCl
	0.92
(Visible)
	0.93
	4.7°C
	Ambient

	[S15]
	Single layer
Li-PAAm
	None
	None
	13−17 °C
	Device substrate

	[S16]
	Single layer
PNAH
	0.98
(Transmittance)
	0.95
	9.14 °C
	Device substrate

	This work
	Single layer
NP@PDMAPS@LiCl
	0.87
(5% water)
	0.94
(5% water)
	20.9 oC
	Device
substrate
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