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Abstract 

Daytime radiative cooling outdoors is a passive cooling method that emits thermal radiation 

toward the sky while reflecting sunlight. Many different daytime radiative coolers have been 

developed, and some have been commercialized. Coatings offer advantages in ease of 

application and versatility across different surfaces. Typical daytime radiative cooling coatings 

are mixtures of powders or particles in polymer hosts. As these paintings reflect sunlight 

diffusively, the coating thicknesses are sub-millimeters or thicker. Thick coatings result in high 

thermal resistance, which is undesirable for cooling the objects below the coating. To address 

this problem, boron nitride (BN) powder has been used as a material with high thermal 

conductivity to reduce thermal resistance. However, the high refractive index of BN in the mid-

infrared regions prevents the mid-infrared emissivity of BN-containing coatings from achieving 

values above 0.9 if the concentration is high. In the current work, we demonstrate a high average 

emissivity reaching 0.93 and solar reflectance of 0.99 by adding a layer containing silica powder 

where the silica layer is instrumental in enhancing the emissivity without deteriorating the solar 

reflectance. The double-layer coatings exhibit subambient outdoor temperatures in Japan. 

Introducing a silica layer for thermal emission on top of a BN-containing base layer presents a 

straightforward method to enhance the daytime radiative cooling performance of the BN-

containing layer. 
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Introduction 

Global warming and social trends toward decarbonization have been significant forces behind 

renewable energy. In addition to renewable energy sources, passive methods have attracted 

significant attention because they do not consume electrical energy. Regarding cooling and heat 

dissipation, radiative cooling to the sky by thermal radiation is a passive outdoor method. In 

particular, daytime radiative coolers have been the main target of research because they can 

cool in daytime in which cooling is required the most because of solar heating.1-6 The two key 

requirements for daytime radiative cooling are high solar reflectance and high mid-infrared 

(MIR) emissivity. Since the early works of the past century,7, 8 many different types of daytime 

radiative coolers have been studied, including multilayers,9-13 natural materials,14-16 porous 

materials,17-21 and sheets.22, 23 Among daytime radiative coolers, powders dispersed in 

polymers24, 25 are simple to prepare and can be coated on any surface, making them more robust 

and attractive.  

While coatings of powder-dispersed polymers are simple and easy to fabricate, large 

thicknesses are necessary to achieve near 100% solar reflectance because high reflectance is 

due to multiple scattering inside the coating. The thicknesses of the coatings ranged from a few 

hundred microns to more than 1 mm.25-30 This starkly contrasts to a silver thin film that can 

reflect more than 90% of sunlight with 100-nm thickness. Because commonly used powders 

such as silica (SiO2) and titania and polymers such as acrylic have relatively low thermal 

conductivities, thick coatings lead to significant thermal resistances. A coating with high 

thermal resistance hinders heat transfer from the inner side to the outer surface facing the sky.  

 Recent studies have attempted to lower the thermal resistance of coatings by choosing 

a powder material with high thermal conductivity and a large bandgap exceeding 3.5 eV. Boron 

nitride (BN) is a material that meets these requirements, and BN powders have already been 

used in daytime radiative coolers.28, 31-38 High solar reflectance and high thermal conductivities 

compared to other daytime radiative coolers have been demonstrated, however, their average 

emissivity values were lower than 0.9 if the concentration is high owing to the high refractive 

index of BN 39, 40  

 In the current study, a SiO2 layer was added to the BN layer to improve its emissivity 

while maintaining its high solar reflectance. The top SiO2 layer was kept thin to avoid 

deterioration of the high solar reflectance of the underlying BN layer. Recent studies have 

applied double layers in daytime radiative coolers.24 In most cases, the purpose of forming 

double layers is to enhance the UV reflectance of the underlying titania layers that absorb in the 

UV range.30, 41, 42 Layer thicknesses and polymers were varied to find an optimized layer 

combination. When PMMA was used as the polymer for BN powder, the solar reflectance and 

average emissivity reached 0.99 and 0.92, respectively. When CYTOP was chosen as the 

polymer for the BN powder, solar reflectance and average emissivity were 0.99 and 0.93, 

respectively, with thinner thickness than with PMMA host. Outdoor measurements confirmed 
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the subambient cooling of the samples. Paintable daytime radiative cooler has an advantage in 

covering large areas. Having high thermal conductivity is advantageous when cooling 

electronic devices.38 

 

Results and discussion 

Although the focus of the current work is to use high thermal conductivity powder in daytime 

radiative cooler, it is imperative to have high solar reflectance and high average emissivity. For 

quantitative comparison, solar reflectance is defined as, 

 𝑅solar =
∫ 𝐼AM1.5(𝜆)𝑅(𝜆)𝑑𝜆
2.5μm
0.3μm

∫ 𝐼AM1.5(𝜆)𝑑𝜆
2.5μm
0.3μm

, (1) 

where 𝜆 , 𝐼AM1.5 , and 𝑅  are wavelength, air mass 1.5 spectrum of sunlight, and defused 

reflectance, respectively. In addition, the average emissivity within the atmospheric window is 

defined as, 

 𝜀ave =
∫ 𝐼BB(𝑇,𝜆)𝜀(𝜆)𝑑𝜆
13μm
8μm

∫ 𝐼BB(𝑇,𝜆)𝑑𝜆
13μm
8μm

, (2) 

where 𝐼BB and 𝜀 are blackbody thermal emission at 300 K and emissivity of the sample. Using 

solar reflectance and average emissivity, a figure of merit (FoM) has been introduced.26 The 

FoM for a daytime radiative cooler was calculated using solar reflectance and average 

emissivity as follows; 

 𝐹𝑜𝑀 = 𝜀ave − 𝑟(1 − 𝑅solar), (3) 

where r is the ratio of solar irradiation to blackbody emission, which was set to 10 as Japan is 

not a dry area.26 The comparison based on the FoM does not depend on weather or measurement 

location, thus enabling fair comparison.  

 At the beginning of the study, wide bandgap ceramic powders, including SiO2, alumina 

(Al2O3), and aluminum nitride (AlN), were investigated in addition to BN to compare their 

radiative cooling performances. More than one powder with different average diameters was 

prepared for each powder material. Each powder was mixed with polymethyl methacrylate 

(PMMA) at the highest concentration which did not exhibit cracks when forming the film (see 

Table S1). A high concentration was chosen because a higher concentration generally results in 

a higher reflectance. Each film thickness was adjusted to 0.5 mm by polishing. A summary of 

nine different powders is shown in Table 1. The comparison shows that the BN powders have 

higher solar reflectances than the others; however, their average emissivities are inferior to 

those of other materials. Among the BN powders, the one whose average diameter is 24.8 μm 

has the highest solar reflectance. Note that the BN powder with 3.0 μm average diameter was 

too fine to fabricate a crack-free film in PMMA.  

 



4 

 

Table 1. Solar reflectance and average emissivity of various ceramic powders dispersed in 

PMMA. Each coating thickness is 0.5 mm and coated on an Al plate. With BN(3.0 μm), a crack-

free film was not formed, thus no data for BN(3.0 μm). 

Powder Solar reflectance Average emissivity 

SiO2(6.6 μm) 0.94 0.923 

SiO2(45.2 μm) 0.82 0.91 
Al2O3(5.1 μm) 0.88 0.93 

Al2O3(96.3 μm) 0.76 0.89 

AlN(3.7 μm) 0.80 0.92 

AlN(94.1 μm) 0.73 0.91 
BN(3.0 μm) NA NA 

BN 6.1 μm) 0.97 0.76 

BN(24.8 μm) 0.98 0.81 

 

 In the following, BN powder having 24.8 μm diameter (hereafter, BN(24.8 μm)) was 

investigated further. Figure 1(a) shows the thickness dependence of BN(24.8 μm) in PMMA 

(hereafter, BN(24.8 μm)/PMMA). A slight increase in solar reflectance was observed as the 

film thickness increased. The average emissivity did not increase above 0.9, even though the 

thickness was 2.5 mm. These results suggest that achieving solar reflectance above 0.98 and 

average emissivity above 0.90 with only a BN layer is impossible. 

 One way to overcome the limitation of BN powder is to form double layers. The 

bottom layer contains BN powder, and the top layer must be thin enough so that the partially 

transmitted sunlight can take advantage of the high solar reflectance of the bottom BN-

containing layer. At the same time, the top layer must have a higher emissivity than the BN-

containing layer. To search for an appropriate powder for use as the top layer, SiO2, Al2O3 and 

AlN powders were tested as the top layers. The concentrations were identical to those reported 

in Table 1, and all thicknesses were fixed at 0.3 mm. The solar reflectance, average emissivity, 

and FoM values are listed in Table S2. Among the six samples, the double layer having SiO2(6.6 

μm) layer on the top has the highest FoM, and this FoM is higher than the FoM for single BN 

layer. The thickness dependence of SiO2(6.6 μm)/PMMA layer on the top on a BN(24.8 

μm)/PMMA was tested and plotted in Figure 1(b). The highest solar reflectance is obtained 

when the top SiO2(6.6 μm)/PMMA thickness is 0.3 mm. Although the average emissivity 

increases with increasing SiO2(6.6 μm)/PMMA thickness, a 0.3-mm thick layer gives the 

highest FoM as solar reflectance impacts the FoM more than the average emissivity.  

From the above investigations, BN(24.8 μm)/PMMA(2.0 mm)+SiO2(6.6 

μm)/PMMA(0.3 mm) turned out to be the best double layers using PMMA as the BN powder 

host. The schematic and photo of BN(24.8 μm)/PMMA(2.0 mm)+SiO2(6.6 μm)/PMMA(0.3 

mm) are shown in Figures 1(c) and 1(d), respectively. The photo shows the coating's whitish 

appearance.  
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Figure 2 shows the defused reflectance in the UV-visible-NIR and emissivity in the 

MIR for the BN(24.8 μm)/PMMA(2.0 mm) and BN(24.8 μm)/PMMA(2.0 mm)+SiO2(6.6 

μm)/PMMA(0.3 mm). By comparing the reflectance emissivity of the two samples, the spectra 

show an emissivity increase while maintaining the high reflectance by adding the silica layer 

(SiO2(6.6 μm)/PMMA(0.3 mm)).  

 

Figure 1. Solar reflectance and average emissivity for (a) BN(24.8 μm)/PMMA layer having 

various thicknesses, and (b) BN(24.8 μm)/PMMA(2 mm)+SiO2(6.6 μm)/PMMA having 

various SiO2(6.6 μm)/PMMA thicknesses. (c) Schematic and (d) photo of BN(24.8 

μm)/PMMA(2 mm)+SiO2(6.6 μm)/PMMA(0.3 mm).  

 

 

Figure 2. (a) Defused reflectance in the UV-visible-NIR range, and (b) emissivity in the MIR 

of BN(24.8 μm)/PMMA(2.0 mm) and BN(24.8 μm)/PMMA(2.0 mm)+SiO2(6.6 

μm)/PMMA(0.3 mm) which are abbreviated as BN/PMMA and BN/PMMA+SiO2/PMMA, 

respectively, in the legend. 

 

Another strategy to improve the low emissivity of the BN layer is to mix BN and SiO2 

powder. With this regard, BN(24.8 μm) and SiO2(6.6 μm) powders at various ratios ranging 

from 5:0 to 0:5 were weighted and subsequently mixed into PMMA to form layers. The total 

weight of each powder sample was fixed. The solar reflectance and average emissivity of the 
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six layers having 0.5 mm thicknesses are shown in Figure S1. As the SiO2 ratio increased, the 

solar reflectance decreased as an overall trend. These results show that a mixture of BN and 

SiO2 powder cannot overcome the low average emissivity of a single BN layer without 

decreasing the solar reflectance. 

 For the first set of experiments presented earlier, PMMA was the host matrix. Another 

polymer, CYTOP, was explored in a subsequent set of experiments. CYTOP is a fluoropolymer 

that is transparent from UV to near-infrared (NIR) and has a refractive index of 1.34 (at 589 

nm), which is lower than that of commonly available polymers, including PMMA (refractive 

index = 1.49 at 589 nm).43 A lower refractive index gives a higher refractive index contrast 

between the host and powder, resulting in higher scattering. Hence, replacing PMMA with 

CYTOP is expected to reduce the thickness of the layer.  

 Figure 3(a) shows the thickness dependence of BN(24.8 μm) mixed in CYTOP 

(labeled as BN(24.8 μm)/CYTOP). The x-axis range differs from the one in Figure 1(a) due to 

the difference in PMMA and CYTOP refractive indexes. As long as the thickness is equal or 

greater than 0.5 mm, the solar reflectance is larger than 0.99. Higher solar reflectance with a 

thinner thickness than the BN(24.8 μm)/PMMA is attributed to the lower refractive index of 

CYTOP. The average emissivity of BN(24.8 μm)/CYTOP is lower than 0.8, thus a single layer 

of BN(24.8 μm)/CYTOP is not suitable, which is similar to BN(24.8 μm)/PMMA. 

 Similar to the BN(24.8 μm)/PMMA configuration, a SiO2(6.6 μm)/PMMA layer was 

added to the BN(24.8 μm)/CYTOP(0.8 mm) structure. Note that CYTOP was tested as a host 

for SiO2(6.6 μm), however, obtaining a crack-free coating with CYTOP was impossible in our 

study. Their resultant solar reflectance and average emissivity are shown in Figure 3(b). 

Incorporating the SiO2 (6.6 μm)/PMMA layer resulted in the average emissivity exceeding 0.9, 

which is higher than that of the single layer of BN(24.8 μm)/CYTOP. The solar reflectance is 

the highest when the SiO2(6.6 μm)/PMMA thickness is 0.1 mm, and it gradually decreases as 

the thickness increases. The increase in average emissivity and decrease in solar reflectance are 

attributed to the features of the SiO2(6.6 μm)/PMMA layer.  

 The above investigations indicate that BN(24.8 μm)/CYTOP(0.8 mm)+SiO2(6.6 

μm)/PMMA(0.1 mm) is the best double layer when CYTOP is used as a host for BN powder. 

The schematic and photo of BN(24.8 μm)/CYTOP(0.8 mm)+SiO2(6.6 μm)/PMMA(0.1 mm) 

are shown in Figures 3(c) and 1(d), respectively. A whitish appearance is seen in the photo. 

Figure S2 shows the defused reflectance in the UV-visible-NIR and emissivity in the MIR for 

the BN(24.8 μm)/CYTOP(0.8 mm) and BN(24.8 μm)/CYTOP(0.8 mm)+SiO2(6.6 

μm)/PMMA(0.1 mm). Similar to the samples with PMMA host for BN(24.8 μm), adding a 

silica layer increased the emissivity while maintaining the high reflectance. 
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Figure 3. Solar reflectance and average emissivity for (a) BN(24.8 μm)/CYTOP having various 

thicknesses, and (b) BN(24.8 μm)/CYTOP(0.8 mm)+SiO2 (6.6 μm)/PMMA having valuable 

SiO2 (6.6 μm)/PMMA thicknesses. (c) Schematic and (d) photo of BN(24.8 μm)/CYTOP(0.8 

mm)+SiO2 (6.6 μm)/PMMA(0.1 mm).  

 

 In addition to the optical characterization, the films' thermal properties were measured 

and listed in Table 2. The incorporation of BN powder improved the thermal conductivity more 

than four times compared to pure PMMA and CYTOP. Qualitatively, this can be understood as 

the powders having higher thermal conductivity than the polymers; incorporating the powder 

into polymers increased the composite film's thermal conductivity. As the thermal conductivity 

of BN is higher than that of silica, higher thermal conductivity is obtained for BN(24.8 

μm)/PMMA than SiO2(6.6 μm)/PMMA. In reality, BN has an extremely high thermal 

conductivity in the in-plane direction (220-450 W/m/K) and much lower in the through-plane 

direction (2.5-5.5 W/m/K).44 From the top-view SEM images in Figure 4, more than half of the 

BN powders were oriented in-plane (i.e. perpendicular to the thickness direction). As the 

thermal diffusivity was measured along the thickness direction, the through-plane thermal 

conductivity of BN contributed more to the measured value. Aligning the powder parallel to the 

thickness direction may lead to higher thermal conductivity. 

 

Table 2. Thermal conductivities of polymers mixed with powders and polymers.  
Thermal conductivity (W/m/K) 

BN(24.8 μm)/PMMA 0.86 

BN(24.8 μm)/CYTOP 0.67 

SiO2(6.6 μm)/PMMA  0.44 

PMMA 0.20 

CYTOP 0.12 
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Figure 4. SEM images of (a) BN(24.8 μm)/PMMA and (b) BN(24.8 μm)/CYTOP.  

 

 From the above investigations, BN(24.8 μm)/PMMA(2.0 mm)+SiO2(6.6 

μm)/PMMA(0.3 mm) and BN(24.8 μm)/CYTOP(0.8 mm)+SiO2 (6.6 μm)/PMMA(0.1 mm) 

turned out to be the best double layers using PMMA and CYTOP as the BN powder host, 

respectively. Hereafter, BN(24.8 μm)/PMMA(2.0 mm)+SiO2(6.6 μm)/PMMA(0.3 mm) and 

BN(24.8 μm)/CYTOP(0.8 mm)+SiO2(6.6 μm)\/PMMA(0.1 mm) are shortened as, 

BN/PMMA+SiO2/PMMA and BN/CYTOP+SiO2/PMMA, respectively. Outdoor daytime 

radiative cooling performances were tested in Tsukuba, Japan, in October 2022 (Figure S3). 

The results are presented with the ambient temperature and solar irradiance in Figures 5(b)-(c) 

and Figure 5(c)-(d) for BN/PMMA+SiO2/PMMA and BN/CYTOP+SiO2/PMMA, respectively. 

The vertical axes of Figures 5(a) and 5(c) show the temperature difference between the sample 

and ambient, where the sample temperatures were measured at the back side of the substrates. 

Negative values indicate that the samples were cooler than the ambient temperature, even 

without windshields. Figures S4(a) and S4(b) show the temperature differences of the single 

layer samples (BN/PMMA and BN/CYTOP), Al plates, and blackbody samples measured at the 

same time with BN/PMMA+SiO2/PMMA and BN/CYTOP+SiO2/PMMA, respectively. The Al 

plates and blackbody samples were chosen as representative samples for solar reflectors and 

solar absorbers, respectively. Not only were the double-layer samples cooler than the Al plates 

and blackbody samples, but they were also cooler than the single-layer samples. This indicates 

that the SiO2 effectively worked for radiative cooling by increasing the emissivity of the 

samples. 

For the double-layer samples, the magnitude of the temperature differences decreased 

in the afternoon, as seen in Figures 5(a) and 5(c). For Figure 5(a), the reason is most likely due 

to the appearance of the clouds, which is indicated by a decrease in solar irradiance in Figure 

5(b). For Figure 5(c), the reason is probably caused by the stronger wind speed in the afternoon 

than in the morning (see Figure S5). Although the temperature differences were small in the 

afternoon, the outdoor measurements confirmed that the samples had daytime cooling abilities. 

Additionally, numerical heat transfer simulations13 were performed to model the temperature 

differences between the sample and ambient, and the results are also shown in Figures 5(a) and 

5(c) for both samples. Some discrepancies between the measured and simulated temperature 

exist, however, overall time dependences agree well, verifying that the cooling was caused by 
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heat transfer to the sky. 

 

Figure 5. (a) Measured and numerically simulated temperature difference between the sample 

(Tsample) and ambient (Tamb) for BN/PMMA+SiO2/PMMA placed outdoors. (b) Ambient 

temperature (solid line) and solar irradiance (dash line) during the outdoor measurement on 

October 11th, 2022, in Tsukuba, Japan. (c) Measured and numerically simulated temperature 

difference between the sample and ambient for BN/CYTOP+SiO2/PMMA placed outdoors. (d) 

Ambient temperature (solid line) and solar irradiance (dash line) during the outdoor 

measurement on October 21st, 2022, in Tsukuba, Japan. The sizes of the samples on the photos 

are both 2 cm square. 

 

 In the end, the FoM values of BN/PMMA+SiO2/PMMA and 

BN/CYTOP+SiO2/PMMA are listed in Table S3. Four other BN-containing polymers and 

BaSO4-containing polymer which is reported to have the highest solar reflectance among 

paintable daytime radiative coolers are added in Table S3 for comparison. Our BN-containing 

double layers had higher FoMs than others because of higher average emissivity. As the 

fabrication of our films is merely mixing and coating, it is scalable to cover a large area. 

Additionally, our work proved that if a film has high solar reflectance but has low average 

emissivity, its emissivity can be improved by adding a thin film with low sunlight absorption 

and high emissivity. This strategy can be applied to other types of radiative cooling films which 

have high solar reflectance but have low average emissivity. 

 

Conclusion 

Daytime radiative coolers containing BN powder in the host polymers were developed. To 

maintain the high solar reflectance of the BN-containing layer and enhance its emissivity, a thin 

polymer layer containing SiO2 powder was added. The double layer achieved both high solar 

reflectance and high average emissivity. When PMMA was used as the host polymers for the 

BN powder, the solar reflectance and average emissivity were 0.99 and 0.92, respectively. 
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When CYTOP was used as the host polymer for the BN powder, the solar reflectance and 

average emissivity were 0.99 and 0.93, respectively. The outdoor measurements confirmed that 

BN/PMMA+ SiO2/PMMA and BN/CYTOP+SiO2/PMMA were cooled by thermal radiation 

during the day, and the double-layer coolers were more efficient than the coolers without silica 

layers. A comparison based on the FoM indicated that the double layers were superior to those 

of previously reported powder-incorporated polymers. As the developed double layers can be 

formed similar to paints, they can be formed over a large area for practical applications. 

 

Sample fabrication 

BN(3.0 μm), BN(6.1 μm), SiO2(6.6 μm), SiO2(45.2 μm), Al2O3(5.1 μm), Al2O3(96.3 μm), 

powders were obtained from Denka Co. Ltd. BN(24.8 μm) powder, PMMA and anisole were 

purchased from FUJIFILM Wako Pure Chemical Corporation. AlN(3.7 μm) and AlN(94.1 μm) 

powders were obtained from Furukawa Electric Co., Ltd.. CYTOP(CTL-107MK) was 

purchased from AGC Inc.. To dissolve PMMA, 1 g of PMMA was mixed with 10 ml anisole in 

an oil bath which was kept at 50 °C for more than an hour. CYTOP was used as its original 

concentration without dilution. Each powder and polymer solution were weighed with the ratio 

shown in Table S1 and mixed by a magnetic starler for a few minutes. The mixture was coated 

on a 0.2-mm thick aluminum (Al) plate to form a layer. The coating was repeated when aiming 

for a large thickness. The coated layer was dried on a hotplate kept at 120 °C for a few minutes. 

To adjust the thickness, the surface was scraped with a metal file.  

 

Optical characterization 

The defused reflectance spectra in the UV-visible-NIR range were measured using a UV-VIS 

spectrometer (V-770, JASCO) with an integrating sphere. The reflectance of each sample was 

normalized using a Spectralon. Defused reflectance spectra in the MIR range were obtained 

using by an FITR (Nicolet iS50R FT-IR, Thermo Fisher Scientific K.K.) equipped with a gold-

coated integrating sphere (Upward IntegratIR, PIKE Technologies, Inc.). The reflectance of 

each sample was normalized to that of a gold-coated rough surface provided by PIKE 

Technologies, Inc.. The emissivity was calculated by subtracting defused reflectance from unity. 

 

Outdoor measurement 

The outdoor measurement settings were similar to the one reported earlier.13 The thermocouple 

was attached to each sample's bottom side (i.e., Al plate) with a 40-μm-thick double-sided tape. 

The four corners of the sample bottom were gently suspended using a circular hole in a plastic 

sample mount covered with Al foil to reflect sunlight. The samples were firmly placed facing 

the coated side up by fixing the thermocouple with the plastic sample mount. The plastic sample 

mount was placed on an approximately 3-cm thick polystyrene foam covered with Al foil and 

placed on the roof of the five-story building at the National Institute of Materials Science 
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(36°04'07.8"N, 140°07'58.7"E). Windshields, often used by others, were not used to ensure that 

the top surfaces of the samples were exposed to atmospheric conditions, which resulted in the 

fluctuation of sample temperature. In addition to the double-layer samples 

(BN/PMMA+SiO2/PMMA and BN/CYTOP+SiO2/PMMA), single BN layer samples 

(BN/PMMA and BN/CYTOP), bare Al plates, and blackbody-paint coated Al plates were also 

placed outside, and their temperatures were recorded.  

 During the measurements, the temperature and humidity were recorded using a logger 

whose sensor head was covered with Al foil and placed next to the sample (within 10 cm). The 

solar irradiance was measured by a pyranometer placed within 1.0 m from the samples. 

Downward radiation (i.e., atmospheric radiation) data and ten-minute average wind speed data 

were recorded at the Aerological Observatory in Tsukuba, Japan. The distance between the 

National Institute of Materials Science and the Aerological Observatory was approximately 2 

km; therefore, the weather conditions at the two locations were assumed to be similar.  
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