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Abstract  —  We evaluate the viability of using onsite ambient 
temperature and performance ratio to determine snowfall on PV 
systems – both day counts and energy loss due to snow. We find 
results to be more accurate than legacy methods that rely on snow 
depth measurements from nearby meteorological stations or 
satellite data. Meteorological stations are at varying elevations and 
distances from each plant, and in fact they do not account for 
shedding of snow from the panels depending on the glass surface 
properties and the PV system’s tilt.  This leads to inconsistent 
results when relying on these measurements. By comparing 
against actual images of the PV arrays at each plant we conclude 
that our method’s accuracy is as high as 98% for plants where we 
had a full year of data representing all season.  We also find that 
actual snow accumulation on PV arrays is more accurately 
captured by our proposed method using ambient temperature and 
performance ratio rather than using external source of snow depth 
data.  
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I. INTRODUCTION 

Many attractive solar PV markets today are in regions which 
experience heavy snowfall: Canada, Japan, UK, Northern 
Europe, parts of China and the North Eastern United States. 
Snow is one of the largest recoverable loss categories in PV 
plant performance for many of these plants, sometimes 
covering PV panels for several weeks at a time and accounting 
for as much as 5% in annual production loss as referenced in 
[1] and also similarly seen in Figure 2. Yet, many owners and 

operators are unaware of how much energy their plants are 
actually losing each year due to snow and if there is any action 
they can take to mitigate this loss. 

Today’s snow removal techniques are mostly experimental 
and are expensive so deciding if they should be deployed for a 
particular plant requires a cost-benefit analysis that relies on 
knowing the energy loss due to snow, how frequent snow 
occurs, and how long it tends to linger on a particular PV 
system. 

We propose an automated snow detection method, using 
common plant data and relevant snow logic, to positively 
identify snow events that cause significant energy loss and 
avoid false positive snow proclamations. Automation is 
desirable for maintaining detection consistency and efficiency 
as solar portfolio increase, and we have chosen to use common 
PV plant data over third-party snow sources to ensure data 
commonality, availability, and site relevance.  

II. Methods 
A. Snow detection method using on-site data 

In this study we use data collected at most plants, ambient 
temperature and irradiance from the site MET station and 
inverter AC output. To ensure no false positive snow events 
and accurate detection of events with significant energy loss, 
we intentionally accept under-reporting minor snow events 
(light snowfalls and short durations). This detection approach Figure 1. Moderate snow accumulation on a rooftop PV array. 

Figure 2. Shows an annual snow loss percentage of 4.5% for a 
portfolio in North America. This translates to approximately 20GWh 
of energy loss or $5.5M USD in missed revenues for a single year. 



 

helps achieve our overarching goal of accurately reporting 
snow energy loss, which is beyond the scope of this paper.  

The snow event detection method used in this study is 
comprised of three phases: detection, confirmation, and 
closure. All three are required to accurately identify a full snow 
event. Requirements for each phase are listed below. 

 
1. Snow Event Detection. This phase flags behaviors and 
conditions consistent with the start of a snow event. Site 
ambient temperatures must be cold enough to support the initial 
snowfall that begins the event. Daily plant-level and inverter-
level weather-corrected performance ratio, PRwc [2], is tracked 
over time to detect performance drops, performance levels, and 
fleet impact extent that is consistent with a significant snow 
event. For cases where irradiance and power are significantly 
low, we assume a possible heavy snowfall has covered site 
irradiance sensors. For this phase, we combine the following 
requirements:  

 Site ambient temperature near freezing for most of the 
initial day (sometimes above freezing) 

 Plant PRwc significantly below a TMY energy model 
 Plant and inverter PRwc drops significantly  
 Performance impact occurs on most inverter arrays 
 Low irradiance and power for most of the day 

2. Snow Event Confirmation. Once a potential snow event has 
been detected, daily plant-level and inverter-level PRwc is 
tracked over time to confirm a performance profile that is 
characteristic of snow melting and sliding off of the panels. 
Figure 4. This step also separates melting/sliding snow from 

plant and inverter outage recovery, with the former being a 
gradual event and the latter being an abrupt event.   
 
3. Closing a Snow Event. Determining when a snow event is 
finished can be challenging: sometimes snow melts or slides off 
of panels in an inconsistent manner; sometimes snow damages 
an inverter so that it does not return to service after the snow 
has melted; and sometimes snow can remain on a small number 
of panels for an extended period of time. In this study, we 
identify the end of snow event using the following conditions: 

 Plant and inverter PRwc returns to near normal 
 Most inverters in a fleet have returned to normal 

performance levels  
 Ambient temperature exceeds 20C for most of the day 

 
Using the above automated method, we generated a list of days 
indicating significant snow on the solar panels.  

 
B. Collecting data from external sources and onsite camera 

Then, we acquired snow depth data from satellite vendors 
and the Global Historical Climatology Network (GHCN) 
database available for free via the National Oceanic and 
Atmospheric Administration (NOAA) API.  

Using the snow depth data directly from these sources is not 
reliable since this does not account for the shedding of snow 
from the panels depending on the glass surface properties, the 
PV system’s tilt and the temperature. In order to estimate 
whether it has snowed or not we also created a binary flag 
whenever there were positive daily changes in snow depth. This 
is useful for determining when snow is likely to be landing on 
the PV panels but also doesn’t give any information about when 
the snow had melted off the panels. 

We also reviewed images of the PV array that were taken on 
site daily at 9AM, 1PM and 4PM. These were flagged with a 
value ranging from 0 to 5 depending on the volume of snow 
seen on the system, with 0 being no snow and 5 being full 
coverage. Figure 1 would be categorized as a “3” – a moderate 
snow event. This data is considered truth, against which other 
methods could be compared against.  

 
Part B was done for 8 PV plants in the US and Canada for 

which we already have our automatic snow detection algorithm 
running as described in A, above. 
 
For our validation work we chose to exclude: 

 Data outages from monitoring data 
 Camera outages OR instances where the camera was 

turned away from the PV array 
 Very low insolation days ( 800 / )  

III. RESULTS 

The energy loss due to snow in Figure 6.a. is a function of 
both the amount of snow on the PV array and the amount of 
insolation on a particular day. Once our snow algorithm flags 

Figure 4. Energy loss due to snow in kWh (blue) is visibly correlated 
with the plants Performance Ratio weather corrected (green) 

Figure 3. Snow loss on PV array (purple) as detected by our 
algorithm. 



 

which days there is snow on the PV array, other algorithms 
downstream can be used to attribute the energy loss to snow. 

Figure 6.b. shows that there are periods where there is no 
snow on the PV array and yet there is snow on the ground as 
noted by the snow depth in red. It is a challenge to know how 
long the snow lasts on the panels which is a function of the tilt 
of the system, the frictional coefficient of the glass, and the 
temperature of the glass. Using snow depth directly isn’t a 
reliable method for determining if there is snow on the PV 
array. Figure 6c shows the result of taking a positive daily delta 
of snow depth as an indicator of when additional snow may be 
building up on the ground and hence the PV array. This seems 
well correlated with when the snow first appears on the PV 
array during a snow event, but snow can often linger on the 
panels for more than a single day which is not captured by the 
simple method.  

 

 

 

TABLE I.  SNOW DAYS CAPTURED FROM NOV 1ST 2019 TO MARCH 31ST 
2020 COMPARED TO SNOW DEPTH DATA FROM A SATELLITE SOURCE AND 
FROM NOAA’S GHCN DATABASE FOR A SITE (SITE 1) IN VERMONT, USA 
WHERE THE ACTUAL POSTIVE SNOW DAYS = 43, AND THE ACTUAL NEGATIVE 
SNOW DAYS = 160. 

Methods True +ve 
count 

True -ve  
count 

False +ve  
count 

False -ve  
count 

New Snow Event 
Detect Method 

29 160 0 14 

Snow depth from 
satellite data 

43 39 128 0 

Positive diff of 
snow depth from 
satellite data 

23 131 30 20 

Snow depth from 
NOAA’s GHCN 

29 96 66 14 

Positive diff of 
snow depth from 
NOAA’s GHCN 

14 149 12 29 

Figure 6.c. Positive daily difference of Water equivalent of 
accumulated snow depth from a satellite source (red), overlaid with 
the snow coverage noted in photos of snow on the PV array (blue). 

Figure 6.a. Daily Energy Loss quantified (red), overlaid with the 
snow coverage noted in photos of snow on the PV array (blue). 

Figure 6.b. Water equivalent of accumulated snow depth from a 
satellite source (red), overlaid with the snow coverage noted in 
photos of snow on the PV array (blue). 

Figure 5 Shows the eight plants that were used to validate our snow 
detection method 



 

Table 1 shows that all the snow days our algorithm detected 
were confirmed snow days and there were zero false positives. 
However, about one third of the snow days were missed.  

The results were quantified using the following metrics for 
accuracy. [3] 

 

  

 
The proportion of positive snow identifications that are 

correct: 

  

 
The proportion of actual positive snow events that were 

identified correctly: 

  

 
*Where TP is True Positive; TN is True Negative. P is Actual 

Positive; N is Actual Negative. FP is False Positive, and False 
Negative 

TABLE II.  SHOWING THE ACCURACY METRICS CALCULATED FROM THE  
RAW RESULTS IN TABLE 1 FOR SITE 1 IN VERMONT, COMPARING VARIOUS 
METHODS. 

 
This exercise was then repeated for each of the 8 sites in this 
study focusing on the accuracy of our method only. 

TABLE III.  THE OVERAL RESULTS FOR ACCURACY OF OUR METHOD FOR 
THE 8 PLANTS. 

PV Plant Period 
Analyzed 

Accuracy Precision Recall 

site 1  
(VT, USA) 

11/1/2019 - 
5/31/2020 

93% 100% 67% 

site 2 
(MA, USA) 

2/8/2020 - 
3/16/2021 

98% 91% 85% 

site 3  
(MA, USA) 

1/31/2020 - 
2/20/2021 

97% 100% 75% 

site 4  
(VT, USA) 

11/1/2019 - 
1/27/2021 

84% 92% 54% 

site 5  
(VT, USA) 

11/1/2019 - 
4/30/2020 

74% 100% 10% 

site 6  
(ON, CAN) 

12/22/2020 
- 2/3/2021 

83% 90% 95% 

site 7  
(ON, CAN) 

12/22/2020 
- 2/4/2021 

88% 100% 93% 

site 8  
(ON, CAN) 

1/4/2021 - 
2/4/2021 

77% 100% 75% 

TABLE IV.  THE OVERAL RESULTS FOR ACCURACY OF OUR METHOD. 
CONSIDERING THE SEASONAL IMPACT. 

 
 
 
 
 
 

Most of the data shown in Table 3 came from winter months. 
For plants with data covering all seasons the accuracy is much 
higher. For these three plants (sites 2, 3, 4) we divided the data 
into November to April and May to October time ranges to see 
the impact of season on the results of our method. 

IV. DISCUSSION AND CONCLUSIONS 

Occurrences of days missed by our algorithm fall into one or 
more of the following categories: 
 There was a data outage just preceding or occurring during 

the snow event. 
 There was a significant power limitation such as inverter 

clipping, curtailment or due to the nominal plant capacity 
limit just preceding or occurring during the snow event. 

 There was snow on the irradiance sensor. 
 It was a very low insolation day 

 
Generally, we find that days where we failed to detect snow 

on the PV array tend to be very low production days due to their 
being very low insolation or an actual power outage. These 
events do not contribute much to the annual kWh loss which we 
report to our customers. Compared to simply using external 
snow depth data or using a simple method to determine when 
there was a positive change in snowfall from the snow depth 
data our approach manages to do better at detecting snow days 
while ensuring there are no false positives reported. 

Methods Accuracy Precision Recall 

New Snow Event Detection 
Method 

93% 100% 67% 

Snow depth from satellite 
data 

40% 25% 100% 

Positive diff of snow depth 
from satellite data 

76% 43% 53% 

Snow depth from NOAA’s 
GHCN 

62% 31% 67% 

Positive diff of snow depth 
from NOAA’s GHCN 

80% 54% 33% 

PV Plant Accuracy 
(Nov-Apr) 

Accuracy 
(May-Oct) 

site 2 (MA, USA) 95% 100% 

site 3 (MA, USA) 95% 99% 

site 4 (VT, USA) 73% 98% 

Figure 7. An example of a day (2019-11-24) where our algorithm 
failed to detect that there was snow on the PV array. Missing such a 
day is relatively inconsequential as the generating potential is low. 



 

Finally, we conclude that for the plants reviewed in this study 
our method’s accuracy is as high as 98% for plants where we 
had a full year of data representing all seasons and is 
significantly more accurate than using snow depth or a diff of 
snow depth to estimate when snow is on the panels. 

 
In further research we would like to expand the study beyond 

sites in North America, to sites in Japan, China, and Europe. 
We would also like to try our method using satellite irradiance 
data which we expect to improve the accuracy by avoiding 
missed events when the onsite irradiance sensor is also covered 
by snow. 
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