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ABSTRACT

Snow albedo is an important factor influencing the snow surface energy budget and snow melting,
yet uncertainties remain in the calculation of spectrally resolved snow surface albedo because the spectral
composition (visible versus near infrared) of the incident solar radiation is seldom available. The influence
of the spectral composition of the incoming solar radiation on the snow surface albedo, snow surface energy
budget, and final snow ablation is investigated through sensitivity experiments of four snow seasons at two
open sites in the Alps by using a multi-layer Snow-Atmosphere-Soil-Transfer scheme (SAST). Since the snow
albedo in the near infrared (NIR) spectral band is significantly lower than that in the visible (VIS) band,
and almost the entire NIR part of the solar radiation is absorbed in the top layer of the snow pack, given a
fixed amount of incoming solar radiation, a lower VIS/NIR ratio implies that more NIR radiation is reaching
the ground surface and more is absorbed by the top layer of the snow pack, therefore, speeding up the snow
melting and increasing the surface runoff, although a lesser part of the solar radiation in the visible band
is transmitted into and trapped by the sub-layer of the snow pack. The above VIS/NIR ratio effect of
the incoming solar radiation can result in a couple of days difference in the timing of snow ablation and it
becomes more significant in late spring when the total solar radiation is intensified with seasonal evolution.
Snow aging also slightly intensifies this VIS/NIR ratio effect.
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1. Introduction

Albedo is defined as the fraction of incident radia-
tion which is reflected. Surface albedo plays a key role
in the surface-atmosphere interaction, since it greatly
influences the shortwave absorption. Many factors in-
fluence the magnitude of surface albedo. The albedo
of snow depends on the grain-shape and size, the solar
zenith angle, impurities in the snow, the surface rough-
ness, and thickness of the snow layer (Wiscombe and
Warren, 1980; Warren and Wiscombe, 1980; Grenfell
et al., 1994). Many numerical studies have emphasized
the crucial role of snow surface albedo during the ab-

lation period, which affects the magnitude and timing
in both snow water equivalent and runoff simulations
(Loth and Graf, 1998; Boone and Etchevers, 2001; Xue
et al., 2003; Niu and Yang, 2004), yet uncertainties
still exist in current snow albedo parameterizations in
climate models (Pedersen and Winther, 2005),

Various kinds of snow albedo parameterization
schemes have been developed for climate studies. Sim-
ple schemes use only a constant albedo when snow
appears in the model, schemes of medium complex-
ity take into account snow age or temperature depen-
dence, complex snow albedo schemes in addition in-
clude features like snow on vegetation and radiation
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wavelength dependency (Koltzow, 2007). For practi-
cal reasons, spectral averaging is usually done with the
visible (VIS) and near-infrared (NIR) spectral bands
because of their distinct characteristics. For example,
snow albedo is significantly higher in the VIS than
in the NIR band, and solar radiation absorption is
stronger in the NIR than in the VIS band. The ab-
sorption of solar radiation is greatest near the surface
and is due almost entirely to NIR radiation because
most of the VIS light eventually reemerges after mul-
tiple scatterings, a small part of VIS can penetrate
into the snow pack (Wiscombe and Warren, 1980).

Based on two-summer measurements in the
Antarctic, Grenfell et al. (1994) reported that the uni-
formly high value of 0.96–0.98 across the ultraviolet
and visible spectrums is nearly independent of the
snow grain size and solar zenith angle, whereas the
much lower albedo in the near infrared spectrum is
quite sensitive to the grain size and somewhat sensi-
tive to the zenith angle. On the basis of snow pit work
and radiation budget observations during two winters
in eastern Hokkaido, Japan, Aoki et al. (2003) docu-
mented that the dependence of albedo on the elapsed
time after snowfall (snow aging) could be clearly clas-
sified by dividing the snow-covered period into a dry
snow season and a wet snow season. It can be inferred
from Aoki’s study that the VIS and NIR albedos de-
crease at a similar rate with snow aging during the dry
snow season, the NIR albedo drops slightly faster than
the VIS albedo during the wet snow season (see their
Fig. 4). In other words, the difference in the VIS and
NIR albedo increases slightly with snow aging.

In addition to observational studies about the char-
acteristics of spectrally resolved snow albedos, some
numerical simulations have also emphasized the im-
pact of spectrally resolved surface albedos on the sim-
ulated climate. Roesch et al. (2002) pointed out that
the spectral distribution of the incoming shortwave ra-
diation is mainly modified by absorption in the atmo-
spheric liquid and vaporous water, and absorption oc-
curs predominantly in the NIR, which favors VIS over
NIR radiation at the surface under cloudy skies. The
neglect of albedo variation within the shortwave spec-
trum may lead to substantial errors. As yet, most land
surface schemes do not distinguish between the surface
albedo in the VIS and the NIR spectral regions, only
a limited number of models use VIS and NIR albe-
dos to account for spectrally varying surface radiative
characteristics (Jordan, 1991; Dickinson et al., 1993;
Sellers et al., 1996; Dai and Zeng, 1997). The lack of
information about the VIS/NIR ratio of the incoming
solar radiation is among the reasons responsible for un-
certainties and limited use of spectrally resolved snow
albedo parameterization schemes in climate modeling.

It is recognized that the main contributor to
snowmelt under clear skies in spring is incident solar
radiation (Baker et al., 1999; Koivusalo and Kokko-
nen, 2002), the spectral components of which are
strongly affected by the atmospheric conditions, yet
the VIS/NIR ratio of the incoming solar radiation is
usually empirically assumed to be 1.0 when there is no
further information about its spectral composition. In
the 10-year simulations of ECHAM4 GCM (Roesch et
al., 2002), however, the VIS/NIR ratio of the incident
solar irradiance can be as low as 0.75 under clear and
dry atmospheric conditions and as high as 1.4 in cloudy
and humid situations. The purpose of this study is to
investigate the uncertainties of different spectral com-
positions of the incoming solar radiation on the snow
albedo, the snow surface energy budget, and the fi-
nal snow ablation on a local scale by sensitivity ex-
periments using a physically based multi-layer snow
scheme and observations at two Alpine sites. A brief
introduction to the snow scheme and the observed me-
teorological and snow data employed in this study are
presented in the second section. The numerical simu-
lations are analyzed in the third section. A summary
and discussion are given in the fourth section.

2. Model and data

2.1 Model

The Snow-Atmosphere-Soil-Transfer scheme
(SAST) was developed from up-to-date comprehen-
sive snow schemes but with substantial simplifications
and improvements for GCM applications, validations
against observations at different sites indicate that
SAST is a reliable snow model in climate studies (Sun
et al., 1999; Jin et al., 1999; Sun and Xue, 2001; Xue
et al., 2003). The scheme includes many important
physical processes such as snow compaction, heat con-
duction, snow grain growth, and snow melting. There
are three prognostic variables in the model: specific
enthalpy, snow water equivalent, and snow depth.
The vapor effects on snow processes have been simply
parameterized in the energy balance calculation. A
unique feature of SAST is using enthalpy rather than
temperature in the energy balance equation, which
greatly simplifies the computational procedure for the
phase change calculation in the snow process.

SAST consists of at most three layers. In order
to have reasonable simulations of diurnal changes in
the surface temperature, the surface layer thickness
should be thinner than the thermal damping depth of
snow and is no more than 3 cm. The second layer
thickness is restricted to less than 20 cm because the
diurnal variation of the snow pack properties is more
pronounced at the top 15–20 cm of the snow pack (Sun
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and Li, 2001).
The snow albedo parameterization scheme is the

same as that in the Biosphere-Atmosphere Transfer
Scheme (BATS) (Dickinson et al., 1993; Yang et al.,
1997), the Common Land Model (Dai et al., 2003), and
the NCAR Community Land Model (CLM) (Oleson et
al., 2004).

αvis = αvis diff + 0.4fzen(1 − αvis diff) , (1)
αnir = αnir diff + 0.4fzen(1 − αnir diff) , (2)
αvis diff = (1 − Cs × Fage)αvis0 , (3)
αnir diff = (1 − Cn × Fage)αnir0 , (4)

where αvis diff and αnir diff are the albedos of the dif-
fused solar radiation in the VIS and NIR bands, re-
spectively; fzen is the correction term for a solar zenith
angle larger than 60◦, which is zero for a solar zenith
angle less than 60◦; constants Cs and Cn are assumed
to be 0.2 and 0.5 for the VIS and NIR band, respec-
tively; the snow aging term Fage takes account of the
effect of the grain growth due to vapor diffusion and
the effect of dirt and soot; αvis0 and αnir0 represent
fresh snow albedos for the VIS and NIR bands, the
default values of which are 0.95 and 0.65. The total
snow surface albedo αs is the weighted average of the
above spectral albedo αvis and αnir, depending on the
spectral components of the incident solar radiation. It
can be inferred from formulas (3) and (4) that the dif-
ference in the diffused VIS and NIR albedos increase
with Fage, which is in line with the observational re-
sults of Aoki et al. (2003).

2.2 Data

We mainly employed two comprehensive data sets
for this study. One is from Col de Porte (45◦N, 6◦E,
1320 m above sea level) in the French Alps, oper-
ated by the Centre d’Etude de La Neige in Grenoble,
France. This site is characterized by continuous snow
cover in winter, usually from late fall to late spring.
The land cover is grass amid some relatively tall trees
at the edge of the measurement site with loamy soil. In
addition to the hourly measured meteorological data,
ultrasonic measurements of the snow depth and sur-
face temperature were provided. The data set covers
10 November 1993 to 30 May 1994 and 17 December
1994 to 30 May 1995. Runoff measurements are taken
for a very short period of the 1993–1994 and the en-
tire 1994–1995 snow season. Snow surface albedo is
provided for the 1994–1995 snow season.

Another open site, Alptal (47◦3′N, 8◦43′E, 1220 m
above sea level) is in alpine Switzerland, operated by
the Swiss Federal Institute for forest, snow and land-
scape research. The top layer of soil at this site is 45%
clay and 45% silt covered by short grass. Hourly mete-

orological and snow depth data for the 2003–2004 and
2004–2005 snow seasons are provided for this study.

2.3 Experiment design

According to the numerical simulations of
ECHAM4 GCM (Roesch et al., 2002), the VIS/NIR
ratio of the incoming solar irradiance at the surface
can be as low as 0.75 under clear and dry atmospheric
conditions and as high as 1.4 in cloudy and humid
situations, which implies the VIS/NIR ratio can be
about 0.43–0.58. We assumed the sensitivity of the
VIS/NIR ratio to be 5% in our numerical experiments
simply because the instrument accuracy for solar ra-
diation observation is around 5% (Sicart et al., 2004).
In the following sections, we refer to the sensitivity
experiments as VIS0.45, VIS0.50, and VIS0.55 runs
when the energy in the VIS band composes 45%,
50%, and 55% of the total incident solar radiation,
respectively. The VIS0.50 run is treated as the con-
trol experiment by default in this study. It should be
pointed out that all the sensitivity experiments with
different VIS/NIR ratios in one snow season shared
the same set of incident solar radiation, in other words,
the total amount of incident solar radiation is fixed
for each set of VIS0.45, VIS0.50, and VIS0.55 runs.
Using the available hourly meteorological data at the
above two alpine sites as forcing, SAST was run in an
off-line way. The daily mean of the output of SAST
including the snow albedo, snow depth, snow absorbed
solar radiation in the VIS and NIR band, and surface
runoff are analyzed to investigate the sensitivity of the
VIS/NIR ratio effect.

3. Simulation results

3.1 Testing using the Col de Porte data set

Col de Porte experienced two contrasting snow sea-
sons: a very warm March significantly reduced the
snow pack in the 1993/94 snow season, which was fol-
lowed by a relatively cool and snowy April, whereas
the 1994/95 snow season was more representative of
average conditions with the bulk of the snow falling
from January through March and most of the snow
pack melting in April and early May. Simulations cap-
tured the evolutions of the snow pack in these two
snow seasons quite well, except that the snow depth
was overestimated by about 0.2 m in early 1994. In
the 1993/94 snow season, the snow pack began to es-
tablish itself in late November 1993 and reached its
peak, about 1.2 m, near mid-January and late Febru-
ary 1994. The major snow melting occurred during
March 1994, which was followed by snowfalls and an
increase of the snow depth up to 1.2 m in early April.
The refreshed snow pack lasted until early May. The
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Fig. 1. Observed (open circle) and simulated daily mean
snow depth (m) at Col de Porte in the (a, b) 1993/94 and
(c, d) 1994/95 snow seasons. (a, c) snow depth; (b, d)
differences in snow depth with different VIS/NIR ratios
of the incoming solar radiation. The labels denote the
beginning of the month, similar for the following figures.

simulated disappearance of the snow pack occurred on
6, 7, and 9 May in the VIS0.45, VIS0.50 and VIS0.55
runs, respectively, a little bit later than the observed
final snow ablation on 5 May 1994 (Fig. 1a). As to
the 1994/95 snow season, the snow pack became es-
tablished early in January 1995, the 1.8 m peak of
the snow pack appeared in early March. Snowfalls in
late March refreshed the melting snow pack to about

1.7 m, and the following snowmelt lasted for about one
month. The disappearance of the snow occurred on 5,
6, and 7 May in the VIS0.45, VIS0.50 and VIS0.55
runs, respectively, close to the observed date of snow
ablation on 8 May (Fig. 1c). The simulated snow
depth differences between the control and sensitivity
runs increased from early February onward with more
snow accumulation for the VIS0.55 runs and less snow
for the VIS0.45 runs in both snow seasons (Figs. 1b,
d). The continuous increase in the difference in snow
depth indicates the impact of solar radiation partition
that had accumulated during the whole snow season,
which reached its climax at the end of the snow season.
This is because the different partitions of the incoming
solar radiation into the VIS/NIR bands in the sensi-
tivity experiments lead to about 0.01 of the difference
in the total albedo (not shown), perpetually increas-
ing or decreasing the surface absorbed solar radiation,
which is discussed in the next section.

An interesting point is that the VIS0.45 run is the
best simulation in 1994, while the VIS0.55 run is the
closest to the observations in 1995 (Figs. 1a, c). We
examined the cloud amount and incident solar radia-
tion at the final stage of snow melting in the two snow
seasons to investigate the possible reason for the above
contrasts. The average cloud amount near the end of
the snow season, i.e., from 20 April to 4 May, is 0.58 in
1994 versus 0.88 in 1995, and the average incident solar
radiation during this period is 184 W m−2 in 1994 ver-
sus 138 W m−2 in 1995. In other words, the snow melt-
ing stage in 1994 experienced more sunny days with
more incoming solar radiation, furthermore less cloud
favors a lower VIS/NIR ratio of the incident solar irra-
diance (Roesch et al., 2002), therefore the VIS0.45 run
captured the reality and mimicked the snow depth evo-
lution quite well. In contrast, more cloudy conditions
during the final melting stage in 1995 favors more vis-
ible solar radiation reaching the ground surface, thus
the VIS0.55 run reproduced the slower snow melting,
which is better than the other two simulations with
lower VIS/NIR ratios.

Since snow melting usually occurs at the surface,
the solar radiation absorbed by the top layer of the
snow pack is examined to investigate the reason for
the aforementioned difference in the snow depth sim-
ulation. For a fixed amount of downward solar irradi-
ance at the surface, a lower VIS/NIR ratio means less
energy in the visible band and therefore less absorp-
tion in this spectral band by the top layer of the snow
pack, and vice versa. For the 1993/94 snow season,
this amount can be 1–2 W m−2 during the melting
periods in late March and late April (Fig. 2a). On
the other hand, since snow albedo in the NIR band
is much lower than that of the VIS, a lower VIS/NIR
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Fig. 2. Simulated daily mean differences in the snow surface absorbed solar radiation (W m−2)
in the (a, b, c) 1993/94 and (d, e, f) 1994/95 snow seasons with different VIS/NIR ratios of the
incoming solar radiation. (a, d) VIS band; (b, e) NIR band; and (c, f) all-wave solar radiation.

ratio implies more NIR solar radiation is absorbed by
the top snow layer, which is about 6–8 W m−2 during
the aforementioned melting periods (Fig. 2b). The
overall effect of a lower VIS/NIR ratio of the incident
solar radiation is that more solar energy is absorbed by
the top layer of snow, which amounts to 4–6 W m−2

during the major melting periods in late March and
from late April to early May (Fig. 2c). The situation
at the final melting stage of the 1994/95 snow season
is similar to the above analysis, except that the ma-
jor melting occurs from early April to early May, with
several cloudy days after mid-April (Figs. 2d, e, f).

Unlike the NIR band of solar radiation, which is
almost entirely absorbed by the top layer of snow,
a small part of the VIS band can penetrate into the
snow pack (Wiscombe and Warren, 1980). For a given
amount of incident solar radiation, when the VIS/NIR
ratio is higher, more of the visible part of the incoming

solar radiation is transmitted to a certain depth under
the surface and is absorbed by the snow pack, but the
magnitude of which is much smaller than the decrease
of the NIR part that is absorbed by the top layer of
snow. For example, the differences in the sub-layer
absorbed solar radiation are less than 2 W m−2 dur-
ing the melting periods in both snow seasons (Fig. 3),
whereas the differences in surface absorbed solar radia-
tion in the NIR band can be more than 6 W m−2 (Figs.
2b, e). Furthermore, the sub-layer of the snow pack is
much thicker than the surface layer, and the potential
change of the sub-layer snow temperature is negligible
compared with that of the top-layer snow. When the
total incident solar radiation and other meteorological
conditions are kept unchanged, more visible solar ra-
diation transmitted into the snow pack with a higher
VIS/NIR ratio is much less than the decrease of the
NIR radiation absorbed by the top layer of the snow
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Fig. 3. Simulated daily mean differences in the sub-layer
snow absorbed solar radiation in the VIS band (W m−2)
in the (a) 1993/94 and (b) 1994/95 snow seasons with
different VIS/NIR ratios of the incoming solar radiation.

pack, where snow melting usually first occurs, hence
slower melting and a longer snow season (Figs. 1a, c).

Figure 4 displays the simulated difference in the
snow surface temperature and turbulent heat fluxes
for the 1993/94 snow season. The range of difference
in the snow surface temperature is usually less than
0.5◦C in winter and smaller than 0.1◦C during most
of the melting period from March onward. Generally
speaking, given the total amount of the incident solar
radiation, the lower the VIS/NIR ratio of the incom-
ing solar radiation, the more solar energy absorbed by
the top layer of the snow pack, the higher the surface
temperature will be before snow melting, and therefore
more upward sensible heat fluxes and more evapora-
tion (or sublimation) from the snow surface, and vice
versa. Since the surface layer is always near the freez-
ing point when snow melts, the difference in the sur-
face temperature among the experiments with differ-
ent VIS/NIR ratios are very small during the melting
periods. The associated difference in the surface tur-
bulent heat fluxes are also small; for the atmospheric
conditions are fixed in the numerical experiments while
the snow surface temperatures fluctuate around the
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Fig. 4. Simulated differences in the (a) snow surface tem-
peratures (◦C), (b) surface sensible heat fluxes (W m−2),
and (c) surface latent heat fluxes (W m−2) in the 1993/94
snow season with different VIS/NIR ratios of the incom-
ing solar radiation.

freezing point (Figs. 4a, b, c). The peaks (about 0.2
W m−2) of the turbulent heat differences in early
April are associated with snowfall events and relatively
strong winds. This verifies that the major contribu-
tions to the differences in snow melting with different
VIS/NIR ratios of incoming solar radiation come from
the differences in the absorbed solar radiation, whereas
differences in the turbulent heat transfers between the
snow surface and the overlying atmosphere are minor.
The situation for the 1994/95 snow season is similar
and not shown.

The VIS/NIR ratio effect of the incoming solar ra-
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 Fig. 5. (a, c) Observed (circle) and simulated daily mean
surface runoff (mm) and (b, d) differences in surface
runoff with different VIS/NIR ratios of the incoming so-
lar radiation. (a, b) for 1993/94; (c, d) for 1994/95.

diation is that the difference in snow melting leads to
different surface runoff, especially near the end of the
snow season when the final snow ablation are a couple
of days apart from each other in the sensitivity experi-
ments. Snow melting in 1994 occurred from March on-
ward and the simulation of surface runoff agreed well
with the observation in the limited period of available
measurements. After a short period of cold weather
before mid-April, the final snow melting and last peak
of surface runoff occurred in early May, namely on 5, 6,
and 7 May in the VIS0.45, VIS0.50, and VIS0.55 runs,
respectively (Fig. 5a). The differences in the surface

runoff simulations were relatively small yet the sign of
anomaly remain unchanged during the snow season.
Given a limited amount of incident solar radiation, a
lower VIS/NIR ratio run, which favors more NIR so-
lar radiation absorbed by the snow surface, resulted in
faster snow melting and more surface runoff. On the
contrary, a higher VIS/NIR ratio run produced slower
snow melting and less surface runoff. Immediately be-
fore the final snow ablation, the maximum difference
in the daily mean surface runoff was as large as 16 mm
between the VIS0.50 and VIS0.55 runs and −24 mm
between the VIS0.45 and VIS0.50 runs (Fig. 5b). In
the 1994/95 snow season, surface runoff occurred in
early February 1995. Peaks of runoff before March are
mostly attributable to rainfall (not shown) while those
after mid-March are closely related to snow melting,
which are quite consistent with the observations. In
early May, the peak of runoff occurred on 5, 6, and
7 May in the VIS0.45, VIS0.5, and VIS0.55 run, re-
spectively, one day before the complete disappearance
of the snow pack (Fig. 5c). The differences in sur-
face runoff between sensitivity experiments are small
before May, usually less than 2 mm. The maximum
difference about −20 mm occurred during 5–6 May
between the VIS0.45 and VIS0.5 runs, and around 40
mm during 6–7 May between the VIS0.5 and VIS0.55
runs (Fig. 5d).
3.2 Testing using the Alptal data set

Two contrasting snow seasons in 2003/04 and
2004/05 at Alptal, an open alpine site in Switzerland
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Fig. 6. Observed (open circle) and simulated daily mean
snow depth (m) at the Alptal site in Switzerland in the
(a) 2003/04 and (b) 2004/05 snow seasons with different
VIS/NIR ratios of the incoming solar radiation.
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Fig. 7. Simulated daily mean differences in the snow surface absorbed solar radiation
(W m−2) in the (a, b, c) 2003/04 and (d, e, f) 2004/05 snow seasons with different VIS/NIR
ratios of the incoming solar radiation. (a, d) VIS band; (b, e) NIR band; and (c, f) all-wave
solar radiation.

were simulated to investigate the interannual varia-
tions of the VIS/NIR ratio effect of the incident solar
radiation.

The 2003/04 snow season was relatively long; snow-
falls in late March and early April refreshed the snow
pack that finally disappeared on 29 April 2004. The
simulated snow ablation was on 24, 27, and 29 April
2004 in the VIS0.45, VIS0.50, VIS0.55 runs, respec-
tively, the date of final snow ablation are 3 days and
2 days apart between the sensitivity experiments (Fig.
6a). In the relatively short 2004/05 snow season,
the simulated snow ablation was respectively on 1, 2,
and 3 April, close to the observed ablation date on
4 April (Fig. 6b). The difference in snow pack du-
ration between the sensitivity experiments of 2004/05
are smaller than that in the 2003/04 snow season which
lasted until late spring.

The contrast between the snow surface absorbed
solar irradiance indicates that with the seasonal

enhancement of the incident solar radiation, the
VIS/NIR ratio effect intensifies (Fig. 7). The 2003/04
snow season experienced three periods of more than
4 W m−2 difference in the absorbed solar radiation
between the sensitivity experiments before the final
snow ablation: around mid-March, from late March
to early April, and around mid-April (Fig. 7c). The
2004/05 snow season experienced only one period of
about 4 W m−2 difference in the surface absorbed so-
lar radiation around mid-March (Fig. 7f). In addition
to the intensification of solar radiation with time, the
difference between the VIS and NIR albedos slightly
increased with snow aging (Aoki et al., 2003), the dif-
ference in the surface absorbed solar radiation in the
sensitivity experiments with different VIS/NIR ratios
also increased with the seasonal evolution (Figs. 7c,
f), leading to larger differences in snow melting and
longer periods between snow pack ablation when more
snowfall events or deeper snow accumulation make the
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snow season last longer into late spring (Fig. 6a).

4. Summary and discussions

Off-line sensitivity simulations of a physically-
based multi-layer snow scheme forced with observed
meteorological data from four snow seasons at two
Alpine sites, have been conducted in this study to in-
vestigate the uncertainties of spectral composition of
the incident solar radiation on snow surface albedo, the
snow pack energetics, and consequent snow melting.

Snow albedo is significantly higher in the VIS than
in the NIR band, and more importantly, the solar ra-
diation absorption is stronger in the NIR band, which
almost entirely occurs at the surface of the snow pack.
For a given amount of total solar irradiance at the
surface, the two reasons above lead to more absorp-
tion of solar radiation by the top snow layer when the
VIS/NIR ratio is lower, although less of the solar ra-
diation in the visible band is transmitted into the sub-
layer of the snow pack, which is much smaller than
the energy absorbed by the top layer of snow, result-
ing in faster snow melting and more surface runoff in
the lower VIS/NIR ratio case, and vice versa. This
“VIS/NIR ratio” effect of the incident solar radiation
due to the difference in the VIS and NIR albedos be-
comes more significant when the solar radiation inten-
sifies with the seasonal evolution in late spring. Snow
aging slightly intensifies this “VIS/NIR ratio” effect
because the differences in the VIS and NIR albedos
increase slightly with elapsed time after snowfall.

Uncertainties of the VIS/NIR ratio of the incoming
solar radiation can cause a couple of days separation in
the timing of snow ablation, which may lead to flood-
ing and peak discharge in the related river basins when
associated with spring rainfalls. We assumed a 5% dif-
ference (45% or 55% versus 50%) in the VIS/NIR ratio
in the sensitivity experiments, but the spread of this
value can be larger. It is expected that this VIS/NIR
ratio effect can be stronger in extreme weather condi-
tions when the VIS/NIR ratio is much larger or smaller
than 1.0. The results imply that explicit calculation
of spectrally resolved albedo is necessary for the pre-
diction at snow-covered areas.

Since clouds increase the NIR absorption by the
atmosphere and favors a higher VIS/NIR ratio of inci-
dent solar radiation, which increases the snow surface
albedo, furthermore, the total incoming solar radiation
is smaller during cloudy skies, leading to less absorp-
tion of solar radiation by the snow pack, and vice versa
on sunny days. Considering the uncertainties caused
by the VIS/NIR ratio effect, cloud parameterization
and radiation transfer in the atmosphere is crucial for
the VIS/NIR composition of the incoming solar radi-

ation, therefore modulating the land-atmosphere in-
teractions, this deserves more research in the develop-
ment of climate system models.
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