OPERATIONAL USE OF SNOW ACCUMULATION AND ABLATION MODEL
IN THE UNITED STATES

Eugene L. Peck and Eric A. Anderson

: ‘ OPERATIONAL MODEL

The -snow accumulation and abalation model described by Anderson (1973)
is the snowmelt model currently used in the U.S. National Weather Service
River Forecast System (NWSRFS) (Curtis and Smith 1976). The basic models
in the NWSRFS are the snow model plus soil moisture accounting and channel
system models. The NWSRFS is being implemented by the River Forecast
Centers (RFC's) of the National Weather Service. The NWSRFS models
have been calibrated for many basins in the U.S. Calibration is
continuing with a goal of having the entire country calibrated within
10 years. The operational portion of NWSRFS is now being implemented
by the RFC's. .

The Hydrologic Research Laboratory (HRL) of the Office of Hydrology (6/H)
has calibrated the NWSRFS models for river basiqs in most major snow
areas of the United States in order to verify the general applicability
of the models., These areas include: ’

1. Several basins in New Hampshire and Vermont
2. St. Johns River Basin in Maine and portions of Canada
3. Upper Ohio River Basin. ’
4,° Drainage to Lake Erie
5. Upper Midwest (northe}n Iowa and Minnesota)
6. Upper Colorado River Basin in Colorado
7. Sierra Nevada and northern Rocky Mountains
8. Chena River Basin in Aiaska .
Model performance in all of these areas has been generally quite

satisfactory. The snow model has been able to provide reasonable
estimates of accumulation and snowmelt in all of these basins.
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-2-

" CALIBRATION OF THE SNOW MODEL

In general, the snow model parameters have been found to be related
to climatic and physiographic characteristics and reasonable initial
parameter values can be obtained from a knowledge of typical conditions
over the watershed. The selection of initial parameters for the
snowmelt model is only one step in the calibration process, but, as
with any conceptual or physically based model, it is a very important
one if the model is to be used conceptually rather than as a black box.

Since the publication of the model in 1973, additional experience
has been gained in calibrating the model, especially in deriving
initial parameter values. A loose-leaf user's manual is maintained
for in-house use for the complete NWSRFS. Part IV.2.2.1 of the
user's manual was recently completed and contains up-to-date guidance
on obtaining initial parameter values for the snow accumulation and
ablation model. For the benefit of those who may apply the model,
this section has been reproduced as an appendix to this report.
References to the soil moisture accounting model refer to the Sacramento
model (Burnash et al. 1973), which is currently used in the NWSRFS.
A description of the soil moisture accounting model and techniques
for initial parameter estimation for that model are contained in another
report from 04? (Peck 1976).

DEFICIENCIES OF MODEL

Although the snow model has given generally satisfactory results,
certain deficiencies do exist. Most of these deficiencies were - -
anticipated when the model was first developed.

In mountainous areas, errors occur during the accumulation season and
subsequently result in runoff volume errors when there is insufficient
precipitation data at the higher elevations. Also, there is a problem
in classifying precipitation as to rain or snow based solely on maximum-
minimum temperature data. This is mainly a problem in basins where
both rain and snow frequently occur during the same event. These are
both deficiencies in data and not in the structure of the model.

Air temperature is generally a good index to snowmelt. However,
under certain conditions, listed below, the use of air temperature
as the sole index to snowmelt has proven to be inadequate:

a. Undertreally clear skies with abnormally cold temperatures,
the index does not indicate enough melt.

b. Under very warm temperatures with little or no wind, the index
overpredicts. In this case, the turbulent exchange is much less
than normal.
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c. With high dew points and high winds, the model will underpredict.
This condition results in much more latent heat (condensation) transfer
and also more sensible heat transfer than normal.

The model has not been tested where extreme redistribution of snow
occurs. The only other major problem has been in cases with frozen
ground. This is due to a deficiency in the soil moisture accounting
model and not in the snowmelt model. None of the known soil moisture
models are able to handle this problem adequately. Application of the
model to areas with frozen ground has resulted in poor simulations
during the years when frozen ground was present. The severity of the
problem has varied. In one basin (Rock River near Rock Rapids, Iowa),
where infiltration rates are very low even without frozen ground, the
effects of frozen ground were less severe than for two basins in
Minnesota (Elk and Root), where infiltration rates are generally higher.
In Alaska, where frozen soil conditions are similar from year to year,
no effect of frozen ground on model results could be detected.

FUTURE PLANS
The future direction for improvement in the operational snowmelt
model for the NWSRFS is to: - i

1. Create an areal energy balance snow cover model. This would be
done by using the point energy balance model (Anderson 1976) as the
basis for the areal model. The equations used in the point model will
be simplified and the number of layers that the snow cover is divided
into will be reduced. This will greatly increaseé computational
efficiency without seriously reducing accuracy. Algorithms will be
added to account for the effect of wvegetation, slope, and aspect on
radiation so that the model can be applied to forested as well as
open areas.

- 2., Modify the temperature index model so that energy exchange at
the snow surface would still be computed using the current equations
but the heat transfer and water movement within the snow cover would
be more similar to the energy balance model:. . This would result in
estimates of depth, density, and heat flow through the snow cover
that are not computed in the current model. .

Plans would allow the option of using either the modified temperature
index model or the areal energy balance model as conditlons and basic
data warrant.

CONCLUSIONS

Both the temperature index and energy balance models should be of
value for operational use. For heavily forested areas and for areas with
little climatic variability during the melt season, the energy balance
model does not seem to be needed. There would also be areas where
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economics would not warrant the additional data cost needed for the
“energy balance model. -There will be a need to identify those areas
based on climatic and economical considerations where we would want to
‘apply an energy balance model. We would have to relate quality of
data with potential benefits. '

A big advantage of a reliable conceptual model is that we can make
statements about intermediate state variables or can use the state
variables to update the model. For example, snow course data could be
used during the accumulation season to update computed water equivalent
values and thus correct for errors resulting from insufficient
precipitation data in mountainous areas.

Another advantage of a reliable model is the opportunity to use the
results in conjunction with measurements obtained by remote sensing.
Both the model simulation and the remote sensing data should contain
gnformation. Snow course data may be good for updating the snow model
during accumulation but not during snowmelt. Remote sensing may
. provide more information during snowmelt on such variables as areal
extent of snow cover and albedo. The main point is that more informa-
tion on basin snow accumulation and ablation can be obtained by using
models and various measurements in concert than can be obtained by
using either separately.

For northern research basin studies, the energy balance model allows
us to test our understanding of what is taking place. The computed :
state of the snow cover can be checked against many observable quantities.
This permits us to thoroughly evaluate the model and make changes to
the proper components when necessary. However, it should be noted
that such verification studies require very high quality data. As we
improve our understanding of the snow accumulation and ablation process,
we should be better able to create improved operational models and
use these models more intelligently.
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APPENDIX

V.2.2.1 TINITIAL PARAMETER VALUES FOR THE SNOW ACCUMULATION
AND ABLATION MODEL

1

by Fric Anderson

Introduction

This 'sectidn presents ouldellnes for determining initial parameter
values for the snow accumulation and 'ablation mddel. The section

is divided into two main parts. The first part discusses the
relationship between each snow model parameter and various climatic
and phystogragic factors which affect snow accumulation and ablation.
The second part discusses how water-equivalent data, obtained from

a snow course or some other type of point measurement, can be used
to get initial estimates of the snow model parameters for an area.

It is assumed that the user is familiar with the NWSRFS snow model
described in chapter II.2.

delines for Determining Initial Values of Snow Model Parameters
rom Climatic and Physiographic Factors

Introduction

Information ahout appropriate initial values of many of the soil-

moisture accounting mgodel parameters can be obtained from an

analvsis of ‘the daily discharge hydrogrash. However, thz hydro-
it

. graph is not very helpful when one iIs tr to detarmine Initial
estimates of the values of the snow model sarameters. The snow
model parameters are mainly related to varicus climatic and
physiographic factors which affect snow accunulation and ablation.
Thus, the usar needs information on ty pAca1 ﬂaL-QLOLODAZQL and
snow cover conditions, 11 : zra
of the area. This subsa 5T at is
relationship betwean ¢ asnic
value of sach of the s .
and z knowledge of the aid &
rezsonable initial val dal narane
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Table 1 can also be used to get initial estimates of MFMAYX
and MFMIN at a point. However, even though the point
itself might be classified as open, the surroundings
should be taken into account. A snow course in a small
forest clearing may act similar to a mixed forest, whesreas
a snow course in a larger opening should be approachiag
the conditions at a truly open site.

3. UADJ - The wind function which was found to give the -
best results at the NOAA-ARS Snow Research Station [Anderson
(1970)] can be used to obtain an initial estimate of UADJ.
This wind function can be expressed as:

f(ul) = 0.002 - Uy oy

where: - g
f(ul) = average wind function using measurements

taken 1 m above the snow furface (mm'mb'l) and

up = wind movement at a height of 1 m (km).

Thus, the initial estimate of UADJ would be 0.002 multiplied
by the average wind mqvement in kilometers for 6.hours at
a height of one meter above the snow surface during a rain-
on-snow event. For example, if the average one meter wind
speed during rain-on-snow events is estimated to be
6 km-hr”l, then the 6 hour wind movement is 36 km and the
estimate of UADJ is 0.072 mmfmb’li In most cases values
of UADJ range between about 0.03 and 0:19 mm'mb_l,
corresoondlno to one meter wind speeds of about 2.5 to
16 kmehr™ (l 5 to 10 mph). The lower values of UADJ
are commonly associated with heavily forested watersheds,
while the higher values usually occur in generally open

areas. However, there are many exceptions, thus it is
best to base the initial estimate of UADJ on 2 knowledge
of typical wind speeds during rain-on-snow events at ths

particular location being medeled.

4. SI aznd the areal depletioq curve - Tha parameter SI
the ar2al depletion curve are related, thzrafora °
itial estimates of both can be made at tha

ini same time.
If a lot of data on hoth the mean watér-equivalent of the
now cover and its areal extent were aya ilable, SI and the
areal depletion curve could be determinsd by plotting maan
areal water-equ1Va¢eﬂt versus the areal sxtant of tha snow
cover for a number of vears. Such iz would ra-—
quire a safflclentvnumber of snow coursas . 2nresent snow
cover nditions over the entire wate 4 notographs
dcc;mer: ng the parcent snow covar would a ba helorul.
Such data are rarely available in tha Unitad States.
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NMF and TIPM - These two parameters are partially inter-
related. Thus, the value of each parameter is somewhat
dependent on the value assigned to the other. The nost
logical way of selecting initial values seems to be to
assign a value to TIPM first and then select an appro-
priate estimate for the maximum negative melt factor,
NMF. 1If any adjustments are required during calibration,
MF should be adjusted while TIPM should remain fixed.

The procedure used in the model to compute energy exchange
during non-melt periods is somewhat empirical, plus it is
a steady state approximation to a process where steady
state conditions seldom occur. Thus, the parameters
cannot be computed directly from experimentally measured
heat transfer coefficients for snow.

Energy exchange during non-melt periods is assumed to
be proportional to the temperature gradient defined by
the show surface temperature (approximated by the air
temperature) and a temperature at some depth below the
surface. The temperature of the snow at some depth
below the surface is approximated by an antecedent
temperature index, ATI. The parameter TIPM is used in
the computation of ATI. A value of TIPM above 0.5
essentially gives weight only to air temperatures during
the past few 6-hour periods in the computation of ATT.

A value of TIPM below 0.2 gives weight to temperatures
over the past 3 to 7 days. Thus, an ATIL computed using
a high value of TIPM would correspond to a snow tempara-
ture closer to the surfacs than an ATI basad on a low
value of TIPM. It seems logical to expect £
transfer within a deep snow cover would be
by a temperature further below the surface
case of a shallow cover because of th2 incr
and heat storage capacity. Thus, 1 id
that a smaller value of TIPM should be used
with typically deep snow covers tha

nerﬂlly have a shallow snow cov
by calibration resulits. . It is rec
ie of TIPM of 0.5 or greater be us
ally have a relatively shallow snow .c
12 upper Midwest portion of the United

nerally have a deep 500 COV
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Table 2. Computed negative melt factors for various
values of snow density and.Az (values are in rma-°(C—-L. *6 hr~

-

N

density Az 10 cm 20 cm - 30 cm

0.3 .16 .08 . .05

.27 .14 .09

0.5 42000 .21 14
a

PXTEMP -~ Varlous studies have shown that

.t

MBASE - A melt base temperature of 0°C hasfﬁﬁoVen to be
completely adequate in the vast majority of watersheds.

An initial value of MBASE other than 0°C could be justified
in the case of a heavily conifer-forested area. Since

most climatological stations are located at relatively

open sites, the measured daytime temperature is gererally
warmer than the temperature beneath a dense forest canopy.
The use of a value for MBASE of 0.5 to 1°C is one. way to
compensate for this difference. Another way that is
probably more realistic, is to adjust the temperature’

data to reflected conditicns under the fdrast canopy.
This can be accomplished by using an artificial eleva
differences and lapsa rates which increase temperatures
slightly at night and reduce temperaturas to a greater
extent during the day with a net effect of lowaring t
temperature by about 0.5 to 1°C.

at which precipitation is equally like
snow typically is in the range of Q *o
good default value for PXTEMP is 1°C.
fixed diurmnal variation in temperature u
procedure causes the MAT values to be in
periods of changing weather. Précip*tat;on is o
associated with such periods. .In most areas these erro
in MAT values cause random errors in. the form of precipita-
n and cannot be corrected by adjus e

ly
2
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in some areas PXTIMP can be altered t
errors ip MAT values caused by
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the snow model at a point (see section IV.4.3). Point wzt r—
équivalent measurements are available at selected climatol glczl
data stations and at snow courses (see sections TII and

IIT ). A snow course is usually thought of as a2 p01nt even
though it actually consists of a number of points. This sub-
section discusses recommended steps to follow when calibrar ing
the snow model at a point: Also discussed is how and when to
use parameter values from a point as initial estimates for the
surrounding area.

_Steps in the Calibration of the Snow Model at a Point
The three main steps in the calibration of the snow model at a
point are data processing), selection of initial parameter values,
and parameter optimization.
o : . :

1.. Data Processing - Three time series are-required to
calibrate the snow model at a point, MAP, MAT, and
observed daily water—equivalent. In some cases pre-
cipitation and tempefature time series are determined
for the specific point. However, in most cases MAP and
MAT time series for the surrounding area are adequate.
The difference in precipitation between the point and the
area can be accounted. for by means of the precipitation
adjustment factor, PXADJ. The difference in temparature
is corrected by means of the elevation difference and
the specified lapse rates. Recommendations on computing
MAP and MAT are given in sechlons IV.1.2.1 and IV.1.2.2,
respectively,

Observed daily water-equivalent data are tr T
tape to the NWSRFS calibration disk files by means
. .

Wéter—equivalent'data from sonme cllma
staticns are of gquestionable gualicy,
should be carefully examined before bein

2, Selection of initial parameter wvalues - A
section in this cf
lines for salectl

nal

napter (page IV.2.2.1-1) <o
initial parameter valuss
rgmeter values at nearby
been calibraced shou
\i -

0 0O v
:




to determine which parameters to adjust or the magnitude of the
adjustment. If daily observations of water-equivalent are avail-
able, it is somewhat easier to determine which parameters should

be adjusted. 1In the case.of snow gburses, which usually have

only one or two readings- per month, the parameter adjustment
process should be concentrated almost completely orr the major

snow model parameters. The most important parameters during the
>melt season are the melt factors, especially MFMAX. The elevation
of the MAT time series,; TAELEV, can also be important though it is
not often thought of as a parameter. Adjustments in TAELEV attempt
to correct for errors in the computation of MAT and for local
factors affecting temperature at the snow course site. The average
wind function during rain-on-snow periods, UADJ, is difficult to
determine for a snow course site unless there are a lot of rain-on--
snow events. The parameter SI and the areal depletion curve are

of minor importance at a snow course site unless there is a con-
siderable variation in snow cover or melt rates betwgen the sampling
points. If some points are bare of snow well before others, this
should be evident in the simulation results during the latter
portion of the melt season.

As mentioned previously, adequate point parameter values for the
snow model can be determined for most areas solely by trial-and-
error calibration. The automatic optimization method (see chapter
IT1.8) used in Program SNOW needs good starting values to be
successful. Also, only parameters which have a Slgnlfi ant. effect
on the criterion value should be included. By the time the user
is ready to properly use the automatic optimization procedure on

the snow model at a point, the parameter values are generall
already close to optimum. In some cases there is still uncertainty
about the value of 2 or 3 parameters. 1In these cases it mav save

the user some time to use the automatic optimization option in
Program SNOW rather than make further triai-and-error runs.

There is omne other feature of Program SNOW which may be useful
during calibration. This is the npdate feature. Wnan the update
option is turned on, the computed water—equivalent Is reset to the
observed value whenever the difference between the two values
exceeds a specified tolerance. Experience has shown that the
tolerance should not be toc small, so 2s to avoid an excessive
number of updates. A tolerance of 25 to 50 =m is reasonable. The
uvhafe fearture is especially useful at Do*“bs vhere the vear-to-
year variation in SCF is significant. U: ‘ch points

i c2losa to

assures thar the computed water-equivale
the observed valu i

values.
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similar climatic and physiographic characteristics throughout,
the value of further callbratlons is minimal.
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