
 

The Use of LiDAR Data to 
Analyze Snowpack with 

ArcGIS 
 
 

Sam Tyler 

12/6/2013 

 

 

 

  

 



Table of Contents 
Figures ........................................................................................................................................................... 2 

Tables ............................................................................................................................................................ 2 

Introduction .................................................................................................................................................. 3 

The Study Area .......................................................................................................................................... 3 

The Objective ................................................................................................................................................ 4 

Data Problems and Correction ...................................................................................................................... 4 

Method Using ArcGIS .................................................................................................................................... 6 

ASCII 3D to Feature Class .......................................................................................................................... 6 

Create Tin .................................................................................................................................................. 6 

TIN to Raster ............................................................................................................................................. 7 

Minus Tool ................................................................................................................................................ 8 

Model Builder: .......................................................................................................................................... 9 

Analysis ....................................................................................................................................................... 10 

Comparison to Field Observations .......................................................................................................... 11 

Comparison to SNOTEL Data ................................................................................................................... 14 

Discussion.................................................................................................................................................... 14 

2008 Data ................................................................................................................................................ 14 

Negative Raster Values ........................................................................................................................... 15 

May 27th  2009 Snow Differences ........................................................................................................... 15 

Bilinear Interpolation .............................................................................................................................. 15 

Time differences ..................................................................................................................................... 16 

Conclusion ............................................................................................................................................... 16 

References .................................................................................................................................................. 18 

 

 

 

 

 

 

 

 

 



Figures 
Figure 1: SNOTEL Site and Snow Survey Locations ....................................................................................... 3 

Figure 2: Macro Created and Run to Classify the Raw LiDAR Data ............................................................... 5 

Figure 3: Crop of LiDAR Data and Sectional View ......................................................................................... 5 

Figure 4: Individual XYZ Data Points in ArcGIS .............................................................................................. 6 

Figure 5: Tin of March 27th LiDAR Data ......................................................................................................... 7 

Figure 6: Conversion of TIN to Raster ........................................................................................................... 8 

Figure 7: July 8th 2009 Raster Subtracted from the March 27th 2009 Raster ................................................ 9 

Figure 8: Model Builder to Automate the Process ....................................................................................... 9 

Figure 9: March 18, 2009 Field, LiDAR BI, LiDAR No BI ............................................................................... 12 

Figure 10: March 27, 2009 Field, LiDAR BI, LiDAR No BI ............................................................................. 12 

Figure 11: May 27, 2009 Field, LiDAR BI, LiDAR No BI ................................................................................ 13 

Figure 12: March 27-March 18, 2009 Field, LiDAR BI, LiDAR No BI ............................................................ 13 

Figure 13: 18 March Vegetation Observations Comparing Field, LiDAR BI and LiDAR no BI ...................... 16 

 

 

Tables 
Table 1: Output of Model Builder, Snow Survey Attribute Table ............................................................... 10 

Table 2: Snow Survey Points with Raster Differences for Each Date Using Bilinear Interpolation ............ 10 

Table 3: Snow Survey Points with Raster Differences for Each Date Unconstrained ................................. 11 

Table 4: Field and LiDAR Data Compiled ..................................................................................................... 11 

Table 5: SNOTEL Site LiDAR Values ............................................................................................................. 14 

Table 6: Compiled SNOTEL Analysis Values ................................................................................................ 14 

 

 

 

 
 

 

 



Introduction 
LiDAR data has many potential uses in water resources. Six LiDAR flights were flown over TW Daniels 

Experimental Forest. ArcGIS was used to analyze the data and calculate differences in snow depth. 

Results were compared to SNOTEL data and individual snow survey data. This project helps to solve the 

problem of using LiDAR to quantify the spatial distribution of snow over large areas that cannot be 

surveyed by hand. It has the possibility of providing pertinent information for water resources.  

The Study Area 

TW Daniels Experimental Forest is located 30 miles Northeast of Logan Utah. TWDEF elevation of 

approximately 2600 m. It lies at 41.86 degrees North and 111.50 degrees West. The TW Daniels 

Experimental Forest snow melt contributes to the Logan River and Bear Lake. Average annual 

precipitation is about 950 mm of which about 80% is snow (Mahat). Snow depths can reach 5 m in snow 

drifts.  Vegetation is comprised of deciduous forest (aspen), coniferous forest (Engelmann sprusce and 

subalpine fir), open meadows and shrub areas dominated by sagebrush (Mahat). Figure 1 shows the 

location of the Snow Survey points along with the SNOTEL site location.  

 
Figure 1: SNOTEL Site and Snow Survey Locations 



The Objective  
Vinod Mahat collected data to analyze the effect of vegetation on the accumulation and melting of snow 

at the TW Daniels Experimental Forest. This data that he collected was from the years 2007 to 2010. 

LiDAR data was also collected for several dates that correlated with his ground measurements but was 

never processed or analyzed for accuracy or used in the UEB model.  

The first objective of this project is to determine whether using ArcGIS the LiDAR data can be used to 

determine the snowpack. The accuaracy of the LiDAR data will then be anlyzed with the field snow 

depth measurements. The data will also be compared to SNOTEL data in respect to the station near the 

study area.  

Data Problems and Correction 
One of the key aspects to the results from LiDAR comes in the classification. The TWDEF data consisted 

of six flights. These flights were March 28th  2008, April 28th 2008, March 18th 2009, March 27th  2009, 

May 27th 2009, and July 8th 2009. Three of the flights had classifications done on the data. These were 

March 28, 2008, April 28, 2008 and July 8, 2009. The classification was not consistent through the three 

different data sets. It was discovered when comparing the different datasets to eachother. Intially it 

appeared to be a datum issue. This was a viable explanation because of the lack of metadata included 

with the data. After projecting the data onto several different coordinate systems the results were 

inconclusive.  

The resultant idea was to reprocess the dates that had been classified along with the other data. This 

resulted in several benefits to the project. The 2009 and 2008 data was now available for analysis. All of 

the lidar data was processed using the same Macro, ensuring a constistency between the different 

flights. Each of the data was cropped using a fence tool in Microstation, creating output dataframes to 

the same dimensions. This eased the analysis and processing time in Microstation and ArcGIS. The last 

benefit of reprocessing the data was the coordinate system was saved with the files, eliminating the 

doubt of the incorrect datum.  

The macro that was set up can be seen in Figure 2. This Macro starts by assigning all of the individual 

points to a default class. Then it steps through the process of triangluating between the points to 

determine the ground elevation or, in this case, the snow elevation. It then removes the points that are 

outliers. These are points that refracted or reflected and brought back an unrealistic value. The purpose 

of the first macro process was to identify the digital elevation model (DEM) of ground only. After the 

first macro was completed it was adapted to classify the vegetation. For identifying the vegetation 

coverage everything that wasn’t ground or a low or high point was pushed into the medium vegitation 

class. This identified the points that reflected off of the trees. It was then output as a vegetation only 

point cloud for each of the flights. This data is now available to be used for other studies.  



 
Figure 2: Macro Created and Run to Classify the Raw LiDAR Data 

The key point to this process was outputing the new classification into a format that could be used in 

ArcGIS. The format that was used was an XYZ point file refrencing the original coordinate system of WGS 

84 Zone 12N. Figure 3 is the Microstation output after running the Macro with a sectional view to 

visualize the classification details.  

 
Figure 3: Crop of LiDAR Data and Sectional View 

 



Method Using ArcGIS 
 

For ease of explantion of methods used, the data will be presented with maps that were created using 

the March 27th 2009 data. This date was chosen and compared to the July 8th 2009 data, representing 

the dry ground DEM.  

ASCII 3D to Feature Class 

The data in XYZ format was imported into ArcGIS using the ASCII 3D to Feature Class tool. Using the 

LiDAR data output from MicroStation the XYZ file was imported to a feature class that could be 

analyzed.  The following, Figure 2, shows the XYZ data that has been magnified to aide in the 

observation of the point cloud density. Comparing Figure 4 to Figure 1 the low point density can be 

identified in the areas covered by vegitation verses the open areas.  

 
Figure 4: Individual XYZ Data Points in ArcGIS 

Create Tin 

The individual point LiDAR data was then triangulated to an irregular network using the Create Tin tool. 

The elevation is represented in meters in Figure 5. Several features show up in the snow TIN such as 

drifts and trails. Southwest of the snow survey point 13, drifts can be seen. Also the snowmobile trail to 

the study area can be seen weaving through the snow survey points. When comparing Figure 5 to Figure 

1 and Figure 4 the rough areas shown in the tin are covered by dense vegetation.  



 
Figure 5: Tin of March 27

th
 LiDAR Data 

TIN to Raster 

The Raster file was created by interpolating the cell values from the elevation TIN. Some inaccuracy was 

caused by this interpolation but eased the process of comparing it to the July 8th 2009 dry ground.  



 
Figure 6: Conversion of TIN to Raster 

Minus Tool  

The same process was used for the July 8th 2009 data. With the LiDAR data in Raster format the minus 

tool could be used to find the height difference between the two flight dates. This produced a cell-by-

cell value for comparison to the individual snow depth measurements and SNOTEL site. It was 

interesting, when looking at the drift southwest of snow survey point 13, that the windblown area was 

still visible. 

Looking at the results there are some negative values present. These values could have easily come from 

several factors in the process. This will be addressed in the results section.  



 
Figure 7: July 8

th
 2009 Raster Subtracted from the March 27

th
 2009 Raster 

Model Builder: 

To decrease the processing time, a model was built. The model automates the process that was 

performed above. The toolbox was created and named LiDAR. The process takes the same steps for the 

data then subtracts the July data. A final step was added onto the process using the Extract Multi Values 

to Points tool. This tool made the query between the snow survey points and the minus raster a simple 

task. The model building process is shown in Figure 8.   

 

Figure 8: Model Builder to Automate the Process 

The minus raster value at each snow survey point was then added to the snow survey point attribute 

table. The attribute table and calculated values were added to Excel by exporting the table. The values 

were output using meters, which compare with the individual survey points. Table 1 shows a sample of 

the raster differences between March and July at each of the survey locations.  



 
Table 1: Output of Model Builder, Snow Survey Attribute Table 

Analysis 
The Extract Multi Values to Points tool has an option to do a bilinear interpolation of values at point 

locations. When this was done, the values of the cells were calculated from the adjacent cells with valid 

values using bilinear interpolation. Table 2 displays the data with the bilinear interpolation included. 

These values were compared to the unconstrained data of Table 3 as well to the field snow depth data.  

Table 2: Snow Survey Points with Raster Differences for Each Date Using Bilinear Interpolation 



Table 3: Snow Survey Points with Raster Differences for Each Date Unconstrained 

Comparison to Field Observations 

The model builder outputs were compiled into Table 4. The raster DEM’s of March 18th 2009, March 27th 

2009, and May 27th 2009 were used to find the snow depth by subtracting the raster DEM of July 8th 

2009. The dates March 27th 2009 and March 18th 2009 were also compared. By comparing these dates 

the difference in snow depth was analyzed in that month. This comparison was used as a check to 

identify if comparing to the July 8th 2009 ground DEM was accurate. Table 4 includes the snow depth 

calculated from the field observations for the four scenarios. It includes the LiDAR data with and without 

bilinear interpolation. The table shows the vegetation type for each of the survey site locations that 

were tested.  

 
Table 4: Field and LiDAR Data Compiled 



Plots were then created for each of the four scenarios to compare the accuracy of each method to the 

field observation. These are shown in Figures 9-12. 

 
Figure 9: March 18, 2009 Field, LiDAR BI, LiDAR No BI 

The LiDAR data seems to follow the trend of the field snow depth through the majority of the individual 

points but doesn’t meet the accuracy and consistency that was expected. The low values are analyzed in 

the discussion section.  

 
Figure 10: March 27, 2009 Field, LiDAR BI, LiDAR No BI 

Again, the LiDAR data follows the trend of the field observation. The accuracy was still not as expected. 

Figure 10 shows how the LiDAR data that did not use the bilinear interpolation appears to match the 



field snow depth better than the bilinear interpolation values. The spikes in the bilinear LiDAR points are 

discussed in the bilinear interpolation section under Discussion. 

 
Figure 11: May 27, 2009 Field, LiDAR BI, LiDAR No BI 

A similar trend is seen in Figure 11 as was observed in Figure 9 and 10. This time there are several spikes 

in the negative value. A possible explanation for this is explained in the May 27th Snow Differences under 

the Discussion section.  

 
Figure 12: March 27-March 18, 2009 Field, LiDAR BI, LiDAR No BI 

Through a collection of the tables above, it is recognized that the Field Snow Depth correlates with the 

LiDAR data. The values tend to depart from each other and then realign. The data from Figure 12 

appears to not correlate as well. After a closer analysis of the scale it is significantly smaller than the 



other Tables. The snow survey points 1, 6, 7, and 8 have an accuracy and correlation between the LiDAR 

data and field measurements that seem promising.  

Comparison to SNOTEL Data 

The SNOTEL data that was used in comparison to the LiDAR data was found at the SNOTEL site: USU Doc 

Daniel. The SNOTEL site, as shown in the Figures above, is in close proximity of snow observation points 

7 and 8. Using the Extract Multi Values to Points tool again the LiDAR values were found in Table 5 at 

the SNOTEL site. The twenty four hour value range is presented in the Site ID of the SNOTEL site in Table 

6. The LiDAR data compared to the actual SNOTEL site is within the accuracy that was expected.  

This method was not as effective as comparing to the field measured points. This is due to the amount 

of points that were available. If this process was to be used on other large data sets without field 

measurements to compare to, SNOTEL data would be a reasonable check of accuracy. This would help 

conclude datum problems and classification issues.  

 
Table 5: SNOTEL Site LiDAR Values 

 
Table 6: Compiled SNOTEL Analysis Values 

Discussion 
There are several issues that need attention when looking at the data. These include; 

1. 2008 Data 

2. Negative Values in Rasters 

a. LiDAR Classification 

3. May 27th 2009 Snow Differences 

4. Bilinear Interpolation 

5. Time Differences 

2008 Data 

The 2008 data was full of problems from the beginning. It had a very poor original classification. Then 

with the data reclassified, the dates did not line up with available field observations. The field 

observations were a day to a week apart from the flights. In seeing how the snow moved and changed 

so frequently it was decided to only analyze the 2009 data. The 2009 LiDAR data was directly correlated 

with the day of the field observations.  



Negative Raster Values 

When the Raster values were subtracted from the July 8th 2009 data there were several individual points 

that resulted in a negative value.  Analysis of Figure 7 and its legend illustrate this issue. To help 

understand the problem it is easiest to review the analysis process. Millions of individual points were 

classified to a ground classification. This was done for each data set that was compared. If this was done 

perfectly then only ground points would be available.  Ensuring that no vegetation is part of the ground 

is a difficult task.  

A good diagnostic would be looking at cross sections of the July 8th data. There is a very viable chance 

that some vegetation was classified as ground. Most likely occurring in areas of thick vegetation where 

triangulating between ground points is the most difficult. In this data there is a very likely chance that 

there was some misclassification. 

The July 8th data is the best place to start looking for classification issues because if any vegetation is 

classified as ground it will result in a comparison base DEM that is higher than expected. This is where 

the resulting negative snow depths would stem from. When using this data it is recommended to go 

through each set of points and view the cross sections. A factor of safety would need to be established, 

as getting a perfect classification is difficult.  

May 27th  2009 Snow Differences 

The May snow differences showed several outlying points that can be seen in Figure 11. This was with 

and without the bilinear interpolation. The data did not match the observed field data as well as the 

other dates. This could be caused by a similar problem that has occurred in the Geomatics lab at USU 

when LiDAR was collected over water.  

When LiDAR is collected over water, reflective, or shinny areas, the LiDAR is often refracted and 

reflected giving unstable results. During May it is assumed, spring time with the snow beginning to melt. 

This is a possible solution to the strange values that were observed. Further analysis could prove this by 

observing where the sun hits. If this time matches the time of day that the LiDAR data was collected 

then this proposition is plausible. Also, the temperature at that specific time could be an explanation for 

the data.  

Bilinear Interpolation 

The bilinear Interpolation was not always effective when looking at snow depths. Figure 4 presents this 

when comparing the bilinear no and bilinear columns. Approximately 60 percent of the time, not using 

bilinear interpolation was closer to the field observed data. There are several cases that show that the 

bilinear interpolation case was not effective. This was shown in several of the figures but a specific 

example is Figure 12 where the last point spikes. This could be caused by a poor classification of the 

surrounding points used in the interpolation. Using the values displayed in Table 4, a correlation of the 

bilinear and unconstrained methods would decrease the difference between the LiDAR and field 

observations.  

Figure 13 represents an interesting initial inspection of the use of bilinear interpolation in the tree areas. 

It was not nearly as effective as the unconstrained. This supports the idea that there is some ground/ 



vegetation classification problems with the data. Bilinear interpolation aided in analyzing the 

classification but seems to only have minimal benefits when extracting values from DEM rasters.  

 

Figure 13: 18 March Vegetation Observations Comparing Field, LiDAR BI and LiDAR no BI 

Time differences 

There is no reference that was found correlating the time between the LiDAR data and the field 

observation data. Having both of these sets of data taken as close as possible to one another would 

have improved the accuracy of the results. In the SNOTEL data, the 24 hour data varied by 0.127 meters. 

This variation could cause a relatively large difference in the data values, specifically in areas open and 

susceptible to wind.  With the variables of temperature, wind, and sun the snow depths can change 

quickly.  

Conclusion 

The TWDEF data shows a lot of potential for being used to quantify the spatial distribution of snow over 

the study area. Some development could be done to improve the accuracy of the data to the field data. 

Researching and finding the time the flight was conducted and correlating it with the field observations 

could aid in decreasing the error in depths. A closer look at the July 8th 2009 LiDAR classification will 

improve the accuracy and dissolve the negative values found in the data. With a reclassification, the use 

of a bilinear interpolation would need to be analyzed but most likely is only effective in the open areas. 

In this project it aided in discovering problems in the classification.   

SNOTEL data was an effective check of the accuracy. It would be very beneficial when using LiDAR flights 

over a large area to check against. With the ability to have 24 hour results to compare to, time record 

would be key to correlating the results.  
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Knowing how much snow is available is very important for many water resources studies and planning. 

Using the tools in ArcGIS and this LiDAR data, the possibility of knowing the snow depth over large 

extents is possible and a great resource.  
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