
 

2-4 Dec 2025, Brisbane 

 

Dynamic Sky View Factor Computation for Enhanced PV Temperature Prediction in 
a Terrain-Shaded Site 

D. Ramadhani1, Z. Haydous1, P. Hamer¹, M. Kim¹, B. Hoex¹  
 

¹School of Photovoltaic and Renewable Energy Engineering, University of New South Wales, 
Sydney, Kensington, Australia 

d.ramadhani@student.unsw.edu.au 

 

Abstract 

The operating temperature of photovoltaic (PV) modules directly influences both performance and 
lifespan, with efficiency losses of about 0.2 to 0.4% per °C above 25 °C. Longwave radiative cooling 
to the sky is a key heat loss pathway in thermal modelling, and its magnitude depends on the sky 
view factor (𝐹), the fraction of the sky dome visible from the module surface. In complex terrain, 

surrounding obstructions and horizon features can reduce 𝐹, limit radiative cooling and increase 
module temperatures. 

Building on recent advances in thermal models that incorporate longwave radiation exchange with 
the sky, bifacial modules, and single-axis tracking, this method calculates (𝐹) dynamically as a 
function of module tilt. It uses high-resolution digital elevation models (DEMs), module orientation, 
and cosine-weighted exposure with obstruction masking to capture shading from both nearby and 
distant objects. View factors are determined for the front and rear surfaces of monofacial and bifacial 
systems, with a rear-side weighting factor applied to reflect realistic bifacial contributions. 

A case study of a single-axis tracking PV system in Bolzano, Italy, shows that surrounding terrain 
limits the maximum F to about 0.6, a 40% reduction from an ideal case. Steep tracker positions in 
the morning and afternoon cause further drops, when near-field shading can outweigh far-field 
effects. Including these time-varying view factors in thermal models improves temperature prediction 
and supports better system design in complex landscapes.  

Problem Statement 

Accurate PV thermal modelling is essential for predicting energy yield and assessing performance 
degradation [1]. Longwave radiative cooling to the sky is a key heat loss pathway, and its magnitude 
depends on the visible sky fraction, which varies with tilt, tracker position, shading, and module type 
[2]. Simplified model assumptions that ignore site-specific terrain and obstructions can 
underestimate operating temperature and thermal losses, particularly in complex locations such as 
Bolzano, Italy [3]. This study introduces a method to calculate tilt-dependent front- and rear-surface 
view factors (𝐹) to more accurately represent longwave radiation exchange in PV thermal models. 

Thermal Modelling with Longwave Radiation 

Longwave radiative cooling is the transfer of thermal energy between a PV module and its 
surroundings, primarily the sky. Its effectiveness depends on the effective sky temperature and the 
fraction of the sky visible to the module. When the visible sky fraction is reduced, as in valleys or 
built-up areas, the cooling potential decreases, leading to higher operating temperatures [2]. 

• Methodology 

In this study, a conventional steady-state thermal model is extended to include dynamically 
calculated, tilt-dependent sky view factors (𝐹) and measured downward longwave radiation (𝑄𝑑_𝑙𝑟). 

The 𝑄𝑑_𝑙𝑟 is obtained from the ERA5 reanalysis dataset and adjusted with empirical correlations to 

represent local atmospheric emissivity [4]. Convective heat transfer coefficients (𝑈𝑐 and 𝑈𝑣)  are 
taken from established literature [1],[5]. This integration captures both atmospheric variability and 

mailto:d.ramadhani@student.unsw.edu.au


 

2-4 Dec 2025, Brisbane 

 
geometric shading effects, improving temperature predictions for fixed-tilt and single-axis tracking 
systems. 

 
𝑇𝑚 =  𝑇a +  

𝑃𝑂𝐴 ×  𝛼(1 − 𝜂) − 𝐹 × 𝜀(𝜎 𝑇𝑚
4  − 𝑄𝑑_𝑙𝑟)

𝑈𝑐 +  𝑈𝑣 × 𝑤𝑠
 

(1) 

View Factor  

The sky view factor (𝐹) quantifies the proportion of the sky hemisphere visible from the module’s 

perspective [2]. In this approach, 𝐹 is computed as a function of module tilt, capturing changes arising 
from tracker motion or fixed-tilt geometry. For bifacial systems, calculations are performed separately 
for the front and rear surfaces, with the rear-side results scaled by a bifacial weighting factor (𝜔𝑟) to 
represent reduced rear exposure. 

• Methodology 

A digital elevation model (DEM) was used to generate horizon profiles for each azimuth direction. 
The sky was divided into small azimuth–elevation bins, and the directional exposure (𝐸𝑖,𝑗) of each 

bin was calculated as the cosine of its incidence angle relative to the module surface normal. This 
follows Lambert’s cosine law, which states that radiation from steeper angles contributes less 
because it is spread over a larger surface area. An obstruction mask (𝑀𝑖,𝑗) was applied to indicate 

whether each bin was visible (1) or blocked (0). Rear-side exposure was computed separately, 
scaled by 𝜔𝑟, and combined with the front-side exposure to obtain total exposure. The final 𝐹 value 
was calculated by normalising the shaded exposure against an unshaded horizontal baseline. 

Table 1 Sky View Factor Equations 

Visibility Mask Directional 
Exposure 

Bifacial Exposure 
Combination 

Sky View 
Factor 

𝑀𝑖,𝑗 = 1 if visible; 

0 if obstructed 

𝐸𝑖,𝑗 =  cos(𝛼𝑖,𝑗) × 𝑀𝑖,𝑗 𝐸𝑖,𝑗
𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑖,𝑗

𝑓𝑟𝑜𝑛𝑡
+ 𝜔𝑟 × 𝐸𝑖,𝑗

𝑟𝑒𝑎𝑟 
𝐹 =  

∑ 𝐸𝑖,𝑗
𝑠ℎ𝑎𝑑𝑒𝑑

∑ 𝐸𝑖,𝑗
𝑏𝑎𝑠𝑒  

Case Study: Bolzano, Italy 

The Bolzano site is located in an alpine valley in northern Italy, surrounded by mountainous terrain 
that significantly influences sky exposure.  

Figure 1 (Left) Elevation Map and (Right) Elevation Angle Map of the Bolzano Site 
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Figure 1 shows that Bolzano PV site sits in a low valley at about 260 m above sea level, surrounded 
by steep ridges that rise to over 1,800 m. In the elevation map (left) this height contrast is clearly 
visible, while the elevation angle map (right) shows how the surrounding terrain blocks portions of 
the horizon, particularly to the north and east. These obstructions are explored further in the horizon 
analysis presented next 

Figure 2 Shading Horizon Profiles: (Left) Polar Plot, (Right) Azimuth-Elevation 

Figure 2 presents two types of shading horizon profiles. The polar plot on the left displays shading 
elevation angles as a function of azimuth, while the Cartesian plot on the right shows the same data 
in a conventional azimuth–elevation format. Both far-field obstructions from the surrounding terrain 
and near-field obstructions at the site level are included. While the surrounding mountains dominate 
far-field shading, nearby structures at a height similar to the PV mounting height contribute to near-
field obstruction. The combined effect is a reduced visible sky fraction across multiple azimuth 
sectors. 

 

Figure 3 Sky View Factor: (Left) Different Shaded Elevation Angles and (Right) Rear-Side 
Weighting for Bifacial Modules. 

The left plot shows the sky view factor (𝐹) versus tilt angle for different shaded horizon elevations. 
Higher shaded elevations reduce the visible sky fraction on the front side, causing a sharper drop in 
𝐹 for monofacial modules. The right plot shows the bifacial module, where total 𝐹 combines front 
and rear side exposure. The rear generally receives less due to lower ground reflectivity, partial 
structural shading, and less direct light. For the Bolzano site, a rear-side weighting factor of 𝜔𝑟 = 0.8 
was applied, assuming the rear receives 80% of the front’s effective exposure. This rear contribution 
offsets some front-side losses as tilt increases, though terrain and structures still limit the maximum 
𝐹 compared to an unobstructed module. 
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Figure 4 Tilt Angle (Black) and Sky View Factor (Green) Variation Over a Day  

Figure 4 illustrates daily variation of tilt angle (black) and sky view factor 𝐹 (green) for a single axis 
tracker in Bolzano. Steep tilts in the morning and afternoon reduce the visible sky fraction, lowering 
𝐹 from near 1.0 to about 0.6 and decreasing radiative heat loss. Around solar noon, when the tracker 
is closer to horizontal, 𝐹 peaks, allowing more effective heat loss. This highlights the need to include 
time-varying F in temperature models for trackers in complex terrain.  

Results and Future Work 

Results indicate that this dynamic approach can reduce RMSE by about 0.4 °C (≈13%) compared 
with the conventional model, highlighting its potential to enhance temperature prediction and energy-
yield estimation in complex terrain. Future work will extend this approach to additional sites to assess 
seasonal and cross-climate performance. 
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