
A Climatology of 
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Ratio in Alaska



Introduction
u The process for forecasting snow amounts at National Weather Service Forecast Offices (WFOs) 

in Alaska is a two step method

u Quantitative Precipitation Forecast (QPF) is multiplied by a snow to liquid ratio (SLR)—which results in a 
snow amount.

u A QPF of 0.30” with a snow ratio of 8:1 would result in a snow amount of 2.4”
u However the same QPF of 0.30” with a snow ratio of 15:1 would result in 4.5” of snow!

u Errors in snow amount come from either:

u Poor QPF forecasts—a known model weakness
u Poor representation of SLR

u While QPF is probably the biggest source of error, a poor snow ratio can compound an already 
complex problem



Introduction

u Sources of SLR forecasts at Alaska weather forecast offices currently range from an 
empirical method based on surface temperatures, to snow ratios from numerical 
models

u Ex: The empirical method employed at WFO Juneau uses a set ratio of 20:1 for any 
surface temp < 9F, a set ratio of 7:1 for surface temps of 30 to 33, then linearly 
interpolates ratios for temperatures from 30 to 9. 

u My question: How often does it snow in Southeast Alaska with temperatures between 30 
and 33 degrees…should we always have a snow ratio of 7:1 during these events?



Introduction

u Model snow ratios also have limitations in that they are only as good 
as the model forecasts of thermal structure, moisture and vertical 
velocity distribution.

u Numerical models also struggle greatly with the extreme 
topography and low level thermal structure of the atmosphere in 
Southeast Alaska as well as other parts of the state



Introduction
u So what is a typical snow ratio for Alaska?

u What would be a high-end snow ratio and what might be the contributing factors?
u What factors may cause snow ratios to be lower than average?

u Do local microclimates affect SLR?

u Is the model output believable from a climatological perspective?

u The goal of this study was to answer the above questions in a way that will give 
forecasters in the field more confidence in their forecasts of SLR

u A secondary goal of this study was to convert this research into a tool that 
forecasters can use operationally



Factors Affecting Snow Ratios
u Primary factor is air space trapped between and within ice crystals of freshly fallen 

snow (Baxter et al. 2004).

u In-cloud ice crystal structure must be considered as well as sub-cloud processes 
and degree of compaction at the ground.

u The initial in-cloud environment will determine the crystal habit but as the snowflake 
falls, the degree to which it encounters depositional growth or riming will affect the 
eventual density of the crystal.

u Roebber et al. (2003) found that low-level temperatures play a strong role in 
determining snow ratios.



Factors Affecting Snow Ratios

• Dendrites account for the 
lowest density/highest snow 
ratios

• Highest densities/lowest ratios 
are favored at temperatures 
between -12 and -18C

• Rimed crystals of any type 
account for the highest 
densities/lowest ratios.

• A small range of temperatures 
favorable to low density/high 
ratio crystals exists around -5C 
(needles) (Cobb et al.)



Factors Affecting Snow Ratios
• Greater probability of riming 

occurs in clouds warmer 
than -10C due to the 
prevalence of super-cooled 
water droplet formation

• A maxima of vertical motion 
corresponding with 
temperatures favorable for 
dendrite formation as well as 
where more ice nuclei are 
active would maximize snow 
ratios Cobb et al.

Vertical 
motion 

max



Factors Affecting Snow Ratios
• The degree to which sublimation or melting occurs in the sub-cloud layer will 

also affect snow ratios at the ground.

• Compaction—large increases/decreases in snow density/ratio can occur 
after the snow falls which greatly affect snow ratios.

• Analysis of all these processes is almost impossible difficult due to lack of 
observations and poor model resolution.

• Forecast models parameterize microphysical processes and these schemes 
were not designed necessarily with accurate snow ratios in mind.



Data and Methods
• Daily snowfall, temperature, and precipitation data was 

obtained for 113 COOP stations around Alaska.

• Data was for the period 1950-present.

• Many stations had gaps in data or the period of record did not 
go back to 1950, however only stations with a minimum of 15 
snowfall observations were included following the methodology 
of Baxter et al. (2004).

• This resulted in 52,192 unique snowfall observations for the state of 
Alaska



Data and Methods
• Snow ratios were calculated for each unique observation and 

binned for the entire state, for each WFOs area of responsibility, 
and for each COOP site:
• By month (November—April)
• By high temperature:
• 35-40F
• 32-35F
• 30-32F
• 27-30F
• 20-27F
• <20F
• Above/below freezing



Data and Methods

• The results were then analyzed on a grid in the NWS Graphical Forecast 
Editor (GFE) using the Objective Analysis (OA) module from the SmartScript 
library.

• Several methods of OA were tried including a Barnes (1973) analysis and a 
Serp analysis.

• It was determined that Serp better depicted the high spatial variability of 
snow ratio in the Juneau CWA the best with the Barnes analysis not resolving 
enough detail though presenting a more “smooth” grid.

• A smart tool was created in order to allow the user to port various snow ratio 
statistics into the Snow Ratio grids as a base “starting point”.



Data and Methods

• There are four main sources of error in snow measurements with 
COOP observers:

• High winds can cause an under-estimate of precipitation in the gauge—
leading to an over-estimation of snow ratio.

• Settling of the snow before measurement (and also by the wind)—
leading to an under-estimation of snow ratio.

• Mixed precipitation/rain contamination—leading to an under-estimation 
of snow ratio.

• Possible tendency for observers to record a snow ratio of 10:1 by default.



Data and Methods
• The effects of wind on snow measurement would be difficult to quantify 

given a lack of wind data at many COOP sites, as well as gauge exposure 
varying at each site.

• Rain contamination is probably the largest source of error for snow ratios in 
SE Alaska and potentially other southern coastal areas.

• Since rain and snow so often occur during the same 24 hr period during the winter, it was 
thought that including only days with “all snow” would limit the number of observations at most 
sites too greatly.

• Therefore it was decided to limit the climatology to “significant” snowfalls of > 2” (also following 
Baxter et al.)

• Some mitigation of this error can also be done by looking only at days with a high temperature 
of 32F or lower—since SE Alaska has very few documented cases of freezing rain/sleet.



Results—Southeast Alaska
• The mean snow ratio for the Juneau CWA was not surprisingly found to be greater than 10:1—even 

with likely rain contamination

CWA mean snow ratio: 14:1
CWA median snow ratio: 
11.3:1

25th percentile: 7.5:1
75th percentile: 16.3:1



Results—Southeast Alaska
• The frequency diagram reveals a pronounced mode around 10:1

The Yule-Kendall (Y-K) Index 
measures the skewness of the 
central 50% of the data—minimizing 
the effect of outliers (ranges from -
1.0 to 1.0)

Y-K Index: 0.12 indicating a slight 
positive skewness which makes 
sense given the median value of 
11:1.



Results—Southeast Alaska
• A look at the 

analysis shows 
considerable 
variability in the 
mean snow ratios 
when looking site 
by site

• There is a 
tendency for 
snow ratios to be 
higher over inland 
and northern 
locations

• Lower snow ratios 
are found near 
the Gulf Coast 
and the southern 
Panhandle

Yakutat 10.9

Haines 14.2

Ketchikan 10.7  



Results—Southeast Alaska

• Medians for most 
sites reveal that 
median values fall 
below the mean.

• Again the 
tendency is for 
snow ratios to be 
higher over inland 
and northern 
locations

• Median snow 
ratios range from 
around 10:1 along 
the Gulf coast to 
13-15:1 over 
northern interior 
areas.

Yakutat 9.6

Haines 13.4

Ketchikan 9.8 



Results—Southeast Alaska
When we limit results to only those days with high temperatures < 32F, the snow ratios are much higher!

CWA mean snow ratio: 18.6:1
CWA median snow ratio: 
14.6:1

25th percentile: 11.1:1
75th percentile: 20:1

# of unique observations 
goes down to 6022

Based on this, it would be 
rare to find a snow ratio less 
than 11:1 when we are 
expecting temperatures to 
remain below freezing during 
an event.



Results—Southeast Alaska
Frequency plots continue to show a mode around 10-11:1 but also much more positively skewed.

Y-K index: 0.22 indicating a 
positively skewed distribution

But again, we likely have 
quite a bit of variation in 
between individual sites!



Results—Southeast Alaska
A look at a Gulf coastal site versus a more interior Panhandle site reveals some key differences.

The 25th percentile for Haines is very close to the median value for Yakutat: While a 10:1 ratio is quite 
normal for Yakutat, it would be in the lower 25% of snow ratios for Haines!



Results—Southeast Alaska
A look at a Gulf coastal site versus a more interior Panhandle site reveals some key differences.

Note the prevalence of snow ratios above 12:1 at Haines with almost a perfect normal distribution 
around 13:1 while at Yakutat, snow ratios below 10:1 occur regularly

Total Cases: 371
Y-K Index: 0.01

Total Cases: 1948
Y-K Index: 0.05



Results—Southeast Alaska
• A few COOPs demonstrated some odd/outlier behavior
• Point Baker had a distinct grouping of values above 26:1
• Due to its location along Sumner Strait and its tendency toward outflow winds, it is possible 

this is under-catch of precipitation due to wind—though more investigation would be 
needed to say for sure

Total Cases: 71
Y-K Index: 0.40



Results—Southcentral Alaska

Looking at Southcentral Alaska, we see that in general SLR is higher than in SE Alaska

CWA mean snow ratio: 16.9:1
CWA median snow ratio: 13.6:1

25th percentile: 10:1
75th percentile: 19.2:1

# of unique observations: 22674

Based on this, it would be rare 
to find a snow ratio less than 
10:1 in southcentral Alaska!



Results—Southcentral Alaska
We see significant differences when looking at sites more prone to marine air intrusions vs those with a 

more continental influence

The 25th percentile for Anchorage (Ted Stevens) is very close to the median value for Seward: While a 
12:1 ratio is quite normal for Seward, it would be in the lower 25% of snow ratios for Anchorage!



Results—Southcentral Alaska

Note the prevalence of snow ratios above 12:1 at Ted Stevens with a fairly strong positive skewness 
while at Seward, there were frequent observations of SLR < 10:1 

Total Cases: 371
Y-K Index: 0.01

Total Cases: 1948
Y-K Index: 0.05

We see significant differences when looking at sites more prone to marine air intrusions vs those with a 
more continental influence



Results—Southcentral Alaska
• As with SE Alaska, there were a few outlier sites
• Eagle River 5SE COOP had a very strong positive skewness so that the mean was 

significantly higher than the median.
• Again this could be due to wind contamination, but further investigation would be 

needed

Total Cases: 71
Y-K Index: 0.40



Results—Northern/Interior Alaska

Northern and interior Alaska not surprisingly had the highest overall SLR of anywhere in the state

CWA mean snow ratio: 22:1
CWA median snow ratio: 16.7:1

25th percentile: 12:1
75th percentile: 23:1

# of unique observations: 12,071

In spite of the interquartile 
range, the mode of the 
distribution is still 12:1!  



Results—Northern/Interior Alaska
Again, we see a huge variation across the Fairbanks CWA, with lower SLR found mainly along the coast, 
while the more continental areas see higher overall SLR—though there are many small local variations

The 25th percentile for Northway (interior) is well above the median value for Nome



Results—Northern/Interior Alaska

Many sites along the west coast and in the Fairbanks area had pronounced modes such as Nome with 
the mode near 12:1

Total Cases: 1948
Y-K Index: 0.05

Most sites in northern and interior Alaska had significant positive skewness, showing much less warm 
marine influence than in Southcentral and Southeast



Results—Northern/Interior Alaska
• The most significant outliers were found on the North Slope
• Colville for instance had a very pronounced mode at 32:1
• Almost half of all snowfall observations > 2” had an SLR of 32:1
• Very few observations of “significant” snowfall with SLR < 20:1

?

Snow Ratio Frequency for Colville Village (> 2”)



Observed Sounding Climatology

• An observed sounding climatology was developed for all 13 observed sounding locations 
in Alaska

• Used the NOAA/ERSL Radiosonde Database
• Climatology was from 1950-2018

• Various low level thermal fields were examined for correlation with observed SLR

• 1000-850mb thickness
• 925mb temperature
• 850mb temperature
• 700mb temperature
• 850-700mb thickness

• Also looked at low and mid level lapse rates

• The goal of the observed sounding climatology was to give forecasters more insight as to 
when the SLR forecast was likely to be on the high/low ends of the climatology



Observed Sounding Climatology

• Observed sounding/SLR correlation--strengths:

1. Allows for a range of values to be forecast all within the climatological window of 
likelihood as opposed to strictly a median or mean value

2. Based on direct observations
3. Uses thermal fields for which forecast models typically perform better than they do for 

more complex processes

• Observed sounding/SLR correlation—weaknesses:

1. Observed soundings are only a “snapshot” of a complex atmosphere every 12 hours
2. We are missing many other processes such as vertical motion and moisture by using 

only thermal fields
3. A correlation that may be high for one sounding site, may not work so well at another 

location



Observed Sounding Climatology--Results

• At least some correlation was noted on all thermal fields
• Tendency towards increasing SLR with decreasing layer temperatures

• For Southeast Alaska, the strongest correlation was found to be 1000-850mb thickness 
with the weakest correlation being 925mb temperature
• There was also some modest correlation with mid level thickness (850-700mb)

• For most southcentral and northern coastal sounding sites, the best correlation was 
actually 925mb temperature, however 1000-850mb thickness also showed promise
• Kodiak
• Bethel
• Cold Bay
• Nome
• Barrow

• Anchorage had a much better correlation of SLR to mid level (850-700mb) thickness
• Fairbanks had only weak correlation to most thermal fields with low level thickness 

(1000-850) showing very modest promise as a predictor L



Observed Sounding Climatology--Results

• Large spread 
noted with some 
significant high 
outliers which 
are likely 
contributing to 
the lower 
correlation

• Is there a better 
way to visualize 
the spread so 
that forecasters 
can add value 
to the 
climatology?

Outliers > 40:1



Observed Sounding Climatology--Results

• Still some spread 
but overall 
correlation with 
925 mb 
temperatures is 
not bad for 
Nome!



Observed Sounding Climatology--Results

• Some really high 
outliers > 40:1 
skewing the 
correlation in 
Anchorage, but 
overall the 850-
700mb thickness 
does a decent 
job as a 
predictor



Observed Sounding Climatology--Results

• When the data is 
binned by 
thickness/tempera
ture value, some 
trends emerge

• For coastal SE 
Alaska, we see a 
trend towards the 
75th percentile of 
the overall 
climatology for 
thickness < 1280m

• There is also a 
trend towards the 
25th percentile for 
thickness > 1290m Median values in each bin behave in a bit of a step-wise fashion



Observed Sounding Climatology--Results

• For coastal 
Southcentral and 
interior Alaska, we 
see a trend towards 
the 75th percentile 
of the overall 
climatology for 
925mb 
temperatures < -8C

• There is also a trend 
towards the 25th

percentile for 925 
temperatures  > -4C

Median values in each bin behave in a bit of a step-wise fashion



Observed Sounding Climatology--Results

• For the Anchorage 
area, there is not 
much of a trend in 
the bins until mid 
level thickness  
values fall below 
1490m, hitting the 
75th percentile at 
thickness < 1480m

• There is also a sharp 
trend towards the 
25th percentile for 
mid level thickness  
> 1520m Median values in each bin behave in a bit of a step-wise fashion



Discussion

• In general, there was a preference for higher snow ratios for interior and 
northern locations, with a tendency for lower ratios or even slightly 
negatively skewed distributions along the Gulf coast.

• Some of the tendency for lower SLR in coastal areas is likely reflective of 
rain contamination as many times this is where the rain change-over occurs 
first

• The signal for lower SLR near the coast is still there when limiting high temps 
< 32 however ( i.e. mostly snow or all snow events), so some of this variation 
could be explained by the type of weather regimes that produce heavier 
snowfall along the coast vs. interior.



Discussion
• Baxter et al. (2005) remarked that snow ratio is often times highly variable depending on 

storm track

• Ex: Higher snow ratios over the northern Panhandle could be the result of more frequent 
over-running of arctic (continental) air-masses that are more resistant to mixing out—but 
more research would be needed to say for sure

Colder, drier air in the low 
levels is present initially, likely 
leading to high SLR values 

Roebber et al (2003) found that 
low level temperatures play a 
significant role in determining 
SLR

Arctic boundary usually retreats 
or slowly mixes out as marine 
air advances

Lower SLR values along the 
coast may also be due to the  
lower frequency of arctic 
boundary events in this area



Discussion
• Ex: The Gulf coast is susceptible to highly variable snowfall from snow shower events
• Snow showers often have a hard time penetrating inland with the same intensity and 

frequency
• Due to convective air motions, significant riming is possible in shower regimes which would 

decrease SLR

Short trajectory of cold arctic 
air over relatively warm Gulf 
waters creates instability

Convection can be enhanced 
by the steep terrain along the 
coast in these onshore flow 
regimes



Discussion: How To Use Climatology
• Climatology can be used as an initial “first guess” for snow ratio as opposed to using a 

model and wondering if it is realistic!

• The details of each individual event then need to be examined to determine if they fit 
an “average” snowfall event.
• At what level is maximum lift occurring?
• Based on the above, what crystal type may occur?
• Is there significant lift occurring in temperatures where super-cooled water would be 

prevalent (i.e. riming)
• What are expected surface temps?

• Remember, an average snow ratio likely reflects an average temperature profile—A 
thorough examination of low level temps (925, 850, 700 mb) as well as the type of air-
mass (arctic continental or marine) will be necessary.



Discussion: How To Use Climatology
• Using the low level thermal profiles to adjust the sounding climatology can help to 

refine the initial “first guess”.

• Using 1000-850mb thickness and 925 mb temperatures held the most promise for 
coastal locations and even for the far north such as Barrow and Nome.

• For the far north it is hypothesized that higher SLR here is due to the dendritic 
growth zone being closer to the surface in shallow precipitation processes (more 
research is needed)

• There is some promise in using mid level temperatures/thickness to adjust the 
climatology for the Anchorage area

• Perhaps this is due to the necessity for the layer where precipitation processes are 
ongoing to be co-located with the dendritic growth layer in order to achieve higher 
SLR (again more research is needed)



Discussion: How To Use Climatology
• Forecasters using the GFE tool should note that even adjusting the climatology using 

low level thermal fields will keep you within the climatological interquartile range!

• The climatology was meant to be used as a starting point or reality check on SLR
• Individual cases will need to be examined by forecasters in order to determine what 

processes may have greater/lesser effect on SLR.

Forecast will always be in this window.  
Outlier possibilities are neglected!

25th percentile

75th percentile



Future Work

• Develop a repository of individual cases to include more events with 
anomalously low and high SLR in order to develop composites of low level 
temperature profiles associated with each scenario

• Bin snow ratios down by predominate storm track and type

• Examine the extreme outlier cases to (where possible) weed out 
contaminated observations
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Questions?


