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Abstract. In this paper we present
estimations of heat balance components
(primarily, turbulent heat transfer) on the
mountain glacier Djankuat calculated using
different methods. The estimations are
compared with the observations of turbulent
fluctuations of wind speed and air temperature
derived from sonic anemometer, as well as the
automatic meteorological, actinometric and
glaciological measurements in the ablation zone
of the glacier. It is shown that the method of
aerodynamic formulas is the most adequate
method for estimating turbulent fluxes over
mountain glacier. An attempt was also made to
physically interpret a systematic overestimation
of the calculated ablation.
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1. Introduction

Intensive decrease of mountain glaciation in the last
20 years is associated with both a decrease of solid
precipitation in the glacier accumulation zones and an
increase in the ablation layer during the warm seasons.
For many glacial regions, such as the Alps, the Cau-
casus, the Altai, as well as North American glacial re-
gions, the ablation seems to play the prevailing role
in deglaciation. This hypothesis has a clear climatic
interpretation. Winter warming, generally, has little ef-
fect on the amount of solid precipitation in the areas
of glaciation. Despite the current global warming, the
air temperature at altitudes higher than 2500 m meters
above sea level (AMSL) remains steadily negative. At
the same time, growth of summer temperature entails
an increase in the moisture content of the atmosphere
and an increase in the greenhouse effect, which leads
to further warming. In classical climatology this effect
is called “direct feedback” [Kislov, 2001].

An example of the Djankuat glacier in the North
Caucasus can clearly illustrate the role of ablation. Ac-
cording to the mass-balance observations on this glacier
since 1967 [Popovnin, 1989], the accumulation layer
in the period 2005–2015 decreased by approximately



160 mm (compared with the whole period of observa-
tions), and the magnitude of anomaly did not exceed
the limits of natural variability, characterized by the
standard deviation (RMS) |σ| = 180 mm. On the con-
trary, the ablation layer increased by 700 mm in mod-
ulus (with |σ| = 220 mm) over the same decade the
magnitude of the anomaly exceeded 3σ and reached
extreme values. This means that the mechanism of
degradation of mountain glaciers in midlatitudes is di-
rectly related to intensive ablation.

Most algorithms of ablation estimation are based on
the heat balance equation of the ice surface. In some
studies [Mölg and Hardy, 2004; Voloshina, 2001], es-
timatimations of the heat balance components are per-
formed almost entirely on the basis of observational
data, and only some parameters are determined empir-
ically. Other studies are dedicated to parameterization
of the incoming short-wave radiation and the roughness
level, taking into account the features of the glacier’s
microrelief, as well as the flux of reflected radiation as
a function of temperature and solid precipitation dur-
ing the ablation season [Hock and Holmgren, 2005;
Wheler and Flowers, 2011]. Such algorithms take
into the account physical mechanisms of melting, but,



as a rule, are “tuned” to a particular glacier. There-
fore, another approach to evaluating ablation, called
the “temperature index method”, is being developed in
parallel. It is based on a statistical relationship between
the accumulated temperature and the ablation layer
[Krenke and Hodakov, 1966; Ohmura, 2001; Wheler
et al., 2014]. In such correlations, various empirical
values (“temperature melting factor”, “radiation fac-
tor of melting” [Wheler et al., 2014]) can be used as
a regression coefficients. An obvious advantage of this
method is its algorithmic and computational simplicity,
and a significant disadvantage is disregarding impossi-
bility of taking into account the spatial variability of
the heat balance components of individual glacier.

The idea of current study is closer to the first ap-
proach, in which the radiation fluxes are measured quite
accurately, and the turbulent heat and moisture fluxes
are calculated on the basis of observational data. In this
study, calculation of turbulent heat fluxes is performed
by different methods. The most accurate method is re-
vealed by a comparison with the direct measurements
of turbulent pulsations in the conditions of mountain
glaciation using the example of the Djankuat glacier.
A physical interpretation of the errors in calculating the
heat balance components is also given.



2. Data and Methods

2.1. Observational Data
Mass-balance observations at the glaciological station
of the Moscow State University on Djankuat glacier are
carried out every year and include measurements of the
maximum thickness of the snow cover before the begin-
ning of ablation season. The density of the snow cover
in the reference snow pits, and also the measurement
of the ice and snow melting using the network of ab-
lation stakes [Popovnin, 1989] in the period from the
last decade of May to the last decade of September
in all morphological zones of the glacier (Figure 1a).
An extensive program of meteorological observations
was conducted on the Djankuat glacier in the 1970s
[Voloshina, 2001]. Since 2007, measurements are also
carried out with the help of modern meteorological
equipment that allows obtaining series of meteorologi-
cal and actinometric data automatically and with high
temporal resolution. In the last 10 years, meteorological
measurements are usually conducted from mid-June to
mid-September, covering most of the ablation season.

The current program of meteorological measurements
on the Djankuat glacier (Table 1) consists of the fol-
lowing parts:



Figure 1. a) Scheme of the Djankuat glacier [Popovnin
et al., 2015]: 1 – glacier boundaries, 2 – ice divides, 3 –
mountain peaks and their altitudes, 4 – numbers of mor-
phological zones. Black point indicates the location of me-
teorological site where the following observations are car-
ried out: radiation fluxes and basic meteorological variables
from the AWS CAMPBELL (b); basic meteorological vari-
ables from gradient mast DAVIS (c); turbulent pulsations
of wind and temperature from sonic anemometer GILL (d).
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1. Meteorological and actinometric measurements us-
ing an automatic weather station (AWS) CAMP-
BELL (Figure 1b), including measurements of air
temperature and relative humidity (Vaisala MT300
sensor), wind speed and direction (Campbell wind
sensor) at 2 m AGL; radiation fluxes (KEEP &
ZONNEN radiometers – two of them measure an
upward and downward short-wave radiation, an-
other two – an upward and downward long-wave
radiation); measurements of ablation layer with the
Sonic Ranger sensor (the sensor is located on a
construction, that is drilled into the body of the
glacier, and measures the distance from the sen-
sor to the ice (snow) surface). These automatic
measurements were made with interval of 15 min.

2. Gradient mast DAVIS (Figure 2c) includes 4 tem-
perature and humidity sensors and 4 wind sensors
located at 0.25, 0.5, 1 and 2 m AGL. These mea-
surements were carried out only in 2015 with the
aim of obtaining long time meteorological data se-
ries in the surface layer, which are necessary for the
turbulent heat fluxes estimation with the Monin-
Obukhov method [Zilitinkevich, 1972]. These au-
tomatic measurements also have record interval of
15 min.



Figure 2. Scatter diagrams of 5-day ablation layer
from observations H0 and calculated from the equation
of heat balance using different methods of turbulent heat
fluxes calculation: a) aerodynamic formulas method HA,
b) Kuzmin’s method hK , c) Monin-Obukhov method HM ,
d) direct method HD . Dashed lines show bisectors, solid
lines – regression curves. There are also regression equa-
tions on the plot.



3. Measurements of turbulent pulsations of wind and
acoustic temperature with the 3-axis sonic anemome-
ter GILL WindMaster. The measurement frequency
is 10 Hz.

Averaged over the ablation periods 2007–2016 val-
ues of meteorological variables and radiation balance
components on Djankuat glacier are shown in Table 2.
It is noteworthy that the interannual variability of av-
eraged over the ablation seasons air temperature is rel-
atively low and in most cases its modulus does not ex-
ceed 1◦C. An exception is the negative anomaly of 2009
and 2013, as well as the positive anomaly in 2015. The
interannual variability of temperature is in good agree-
ment with that for incoming shortwave radiation, which
indicates that the thermal conditions over the glaciers
of the North Caucasus are primarily determined by the
cloud regime. The wind speed variability is extremely
small, due to the absolute predominance (75–80% of
cases) of the katabatic glacier wind during the ablation
season, whose speed (from average to gusts) varies in
the range 4–9 m/s.
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2.2 Heat Balance Estimation Methods

In general, the equation for the heat balance of a glacier
is written as follows:

ciρih
∂Th

∂t
+ Liρi

∂h

∂t
= (SW− − SW+)−

(LW+ − LW−) + H + LE − Qm + Pliq + Fliq (1)

Here Th – temperature (K) of ice layer of thickness
h, ci – heat capacity of ice (J/kg K), ρi – density
of ice (kg/m3); Li – specific heat of fusion (J/kg);
SW− – incoming short-wave radiation (W/m2); SW+

– outgoing short-wave radiation (W/m2); LW+ – up-
ward long-wave radiation (W/m2); LW− – downward
long-wave radiation (W/m2); H = cpρk(∂T/∂z) –
sensible heat flux (W/m2), where T – air tempera-
ture, k – turbulence coefficient (m2/s), cp – air heat
capacity (J/kg K), ρ – air density (kg/m3); LE =
ρk(∂q/∂z) – latent heat flux (W/m2), where q – spe-
cific humidity (g/kg), L – specific heat of vaporization-
condensation (J/kg), E – evaporation rate (mm/s);
Qm = (∂/∂ξ)λi(∂Ti/∂ξ) – molecular diffusion of heat
into glacier body (W/m2), where Ti – ice temperature
at levels ξ; λi – coefficient of thermal conductivity of ice
(W/m K ); Pliq – heat flux, related to liquid precipita-

tions and freezing of water in the glacier body (W/m2);



Fliq – heat flux, related to watercourses forming on the

glacier surface in the ablation zone (W/m2).
Equation (1) describes ablation process as completely

as possible, taking into account most of the factors.
For application to the Djankuat glacier (and to most
glaciers of “alpine type”), some simplifications could
be introduced. For so-called “warm” glaciers ice tem-
perature of near-surface layer of finite thickness is as-
sumed to be unchanged and close to 0◦C in the sum-
mer, therefore it is often assumed that the first term in
equation (1) can be neglected. This type of glacier
is also characterized by intensive washing with melt
waters into the glacier in the ablation zone, so the
temperature distribution in glacial thickness is close to
isothermal [Kotlyakov, 1994]. This condition can be
violated only at the very beginning of the ablation sea-
son, when even at comparatively small depths (about
1 m) the ice temperature can be sufficiently lower than
0◦C. This is especially true in the case of an abnor-
mally cold winter preceding the ablation season. This
assumption may also not be fulfilled in the case of an



abnormal radiative cooling of the glacier surface dur-
ing the night hours at the end of the ablation season
(mainly in September). That is the reason for includ-
ing the molecular heat flux in some models [Wheler
and Flowers, 2011]. It should also be noted that
the contribution of the so-called submerged melting,
or the transfer of heat due to molecular diffusion from
the moraine material to the ice surface, can reach sig-
nificant values – especially with a sharp increase in
the amount of moraine material on the surface of the
glacier [Popovnin et al., 2015]. Heat flux related to liq-
uid precipitations Pliq can play a significant role in the
case of heavy rains during ablation season [Voloshina,
2001]. The same applies to the heat and mechanical
effects of watercourses Fliq. However, it is not possible
to correctly measure these fluxes. In addition, a num-
ber of works [e.g. MacDougall and Flowers, 2011;
Voloshina, 2001] shows that the values of the heat
flux of rains and watercourses, as well as the molecu-
lar diffusion of heat in the ice column, together do not
exceed 2% of the radiation balance, that is, they are
within the limits of error of heat fluxes measurement
and are negligibly small.

Using these assumptions, equation (1) can be rewrit-



ten in a simplified form:

Liρi
∂h

∂t
= (SW+− SW−) + (LW+− LW−) + H + LE

Or, using albedo, A = SW−/SW+,

Liρi
∂h

∂t
= SW+− (1−A) + (LW+− LW−) +H + LE

(2)
The equation of heat balance of glacier in the form

(2) is used for ablation estimates by many researchers
[Kuzmin, 1961; Voloshina, 2001; Rets et al., 2011].
The first two terms (the radiation balance) are the most
important (50–85%), sensible heat flux is on the second
place (5–50%), latent heat fluxes is on the third place
(less than 5%) [Hock and Holmgren, 2005; Ohmura,
2001; Wheler and Flowers, 2011]. At the Djankuat
glacier, components of the radiation balance are mea-
sured quite accurately (Table 1). However, an addi-
tional unavoidable error is introduced by the deviation
of the radiometers position from the horizontal level
due to the tilting of weather station on the melting
ice surface, and also because of the condensate on the
working surfaces of the sensors. After data processing,
about 10% of the measured values have to be rejected,
and the final accuracy of the measurements of radiation
fluxes due to these errors is assumed to be ±25 W/m2.



Turbulent heat fluxes can be evaluated in numerous
ways, most of which reduces to the following.

Heat balance method.

In equation (2), we denote the quantity Liρi(∂h/∂t)
as Qmelt (heat consumption for ice melting) and the
expression SW+(1 − A) − (LW+ − LW−) as R (ra-
diation balance). Both values are known from obser-
vations: the components of the radiation balance are
measured by radiometers (Table 1), the ablation layer
h0 for a time interval ∆t is measured by Sonic Ranger
sensor (multiplying this by Liρi we get the heat con-
sumption for melting). We introduce the Bowen ratio
B0 = (H/LE ) = (Cp/L)(dT/dq), which is derived
from measured gradients of temperature and humidity.
Using it, we can determine the turbulent heat fluxes
from the modified equation (2):

LE =
Qmelt − R

B0 + 1
, H = LE × B0

In cases with no data or erroneous data from Sonic
Ranger an empirical formula is used [Rets et al., 2011;
Volkov et al., 1968]:



h =
R + H + LE

L
In this paper sensible H and latent LE heat fluxes are

calculated from the relationships proposed in [Kuzmin,
1961] (here and below, this application of the heat bal-
ance method is called “Kuzmin’s method”):

H = (α1 + β1u2)(T2 − T0)

LE = (α2 + β2u2)(e2 − e0)

Here u2, T2, e2 – wind speed, temperature and partial
pressure of water vapor at 2 m AGL, T0 – surface tem-
perature, which is assumed to be 0◦C (this assumption
is correct in the absolute majority of cases); e0 – sat-
uration pressure at the surface (in our case equal to
6.1 hPa); α1 = 3.37, β1 = 1.83, α2 = 0.7, β2 = 0.38
– empirical coefficients, describing the contribution of
thermal convection and turbulent exchange over the
ice-snow surface.

Monin-Obukhov method.

This method is one of the most developed in the theory
of the surface layer, however, it has a number of limita-



tions, among which is the homogeneity of the underly-
ing surface in a radius ∼ 100 m from the measurement
point. Parameterization of the roughness length de-
pending on the properties of the micro relief of glacier
surface is discussed in some works [e.g. MacDougall
and Flowers, 2011]. In our calculations the roughness
length is constant (because of the relative homogeneity
of the ice surface in meteorological site area).

According to the Monin-Obukhov similarity theory
[Zilitinkevich, 1972], turbulent fluxes are written in
terms of parameters determined by the vertical profiles
of the corresponding variables:

LE = ρLu∗q∗, H = ρCpu∗T∗ (3)

where u∗ – friction velocity (velocity scale), T∗ and
q∗ – temperature and humidity scales respectively.
Thus, the problem is reduced to finding the scales
of speed, temperature and humidity. A calculation
scheme for u∗, T∗, q∗ for an arbitrary number of mea-
surement levels is presented in [Zilitinkevich, 1972]:



a∗ =

Na

Na∑
n=1

anfa
(zn
L

)
−

Na∑
n=1

an

Na∑
n=1

fa
(zn
L

)
Na

Na∑
n=1

f 2
a

(zn
L

)
−
[ Na∑
n=1

fa
(zn
L

)]2

Here a∗, a and fa depends on required variable: a∗ =
T∗, a = T and fa = fT for sensible heat flux; a∗ = q∗,
a = q and fa = fq for latent heat flux; Na – number of
vertical levels; fa – universal function, defined as:

fa = fT = fq =



ln(
z

L
) +

10z

L
, if

z

L
> 0

ln(|z
L
|), if − 0.07 ≤ z

L
≤ 0

0.25 + 1.2(
z

L
)−1/3, if

z

L
< −0.07

(4)
where L – Monin-Obukhov length:

L =
u2
∗

κβT∗

where κ is Karman constant and β – buoyancy param-



eter equal to g/T . If we take the equations for u∗ and
T∗ and the equation for the universal function, we ob-
tain a system of three equations with three unknowns
– u∗, T∗ and L. Solving the transcendental equations
for u∗ and T∗ by the root selection method, we find
all the unknowns and for the resulting L we calculate
q∗. Then it is not difficult to calculate turbulent fluxes
according to formulas (3).

Aerodynamic (bulk) method.

It is the most often used method in studies dedicated
to glacier heat balance. In general, the formulas for the
fluxes of sensible and latent heat have the form

H = CpKρ(T2 − T0), LE = LKρ(q2 − q0)

The only unknown term is the turbulent exchange co-
efficient K , because air temperature T and specific hu-
midity q at two vertical levels are measured. It is usually
defined as follows:

K =
κ2u(

ln
z2

z0

)2
f (Rib)



where z0 – roughness length, for different glaciers it
ranges from 0.5 to 3 mm, in our case z0 = 1 mm;
f (Rib) – function of bulk Richardson number, which
takes into account stratification in the atmospheric sur-
face layer:

f (Rib) =

{
(1− 5Rib)2, Rib > 0
(1− 16Rib)0.75, Rib < 0

where

Rib =
g

T

dT/dz

(du/dz)2

Method of turbulent pulsations (or direct
method).

It involves measuring the pulsations of three velocity
components (vertical and two horizontal) u′, v ′, w ′

and acoustic temperature in a layer of constant fluxes
(surface layer) with sonic anemometer based on the
Doppler effect. Heat fluxes are calculated as follows
[Kaimal and Gaynor, 1991]:

LE = Lρw ′q′, H = cpρw ′T ′

Turbulent pulsations of specific humidity q′ and air
temperature T ′ are not measured directly but can be



derived from measured acoustic temperature and wind
pulsation [Kaimal and Gaynor, 1991]. The required
measurement frequency is 10–50 Hz, the averaging in-
terval should be such that the results are statistically
stable [MacDougall and Flowers, 2011]. Special stud-
ies performed in the classical work [Volkov et al., 1968]
showed that the optimal average interval is 30 minutes.

In this paper, turbulent heat fluxes are calculated
using all the above mentioned methods.

3. Results and Discussions

3.1. Accuracy of Methods in Ablation Layer Es-
timation

The use of different methods for the calculation of tur-
bulent heat fluxes made it possible to evaluate their
applicability for the problem of estimating the abla-
tion layer. Direct measurements of the ablation layer
combined with sufficiently accurate measurements of
the components of the radiation balance allow to se-
lect the most optimal method for calculating turbulent
fluxes on the basis of equation (2). Components of
radiation balance are estimated from the observation



data and remained unchanged, while the values of H
and LE vary depending on the calculation technique de-
scribed in Section 2. Calculated value of the ablation
layer is compared with the measured one.

Scatter diagrams (Figure 2) clearly show that the
accuracy of simulation of the ablation layer essentially
depends on the choice of the method for calculating
turbulent heat fluxes. The coefficient of determination
R2 shows the accuracy of the approximation of the
linear regression. However, the accuracy of the meth-
ods themselves can be evaluated from the regression
equations, which for all four methods have the form
Y = kX + b. It is noteworthy that for all methods the
value of b, which characterizes the systematic overesti-
mation of the ablation layer, is 0.12 m per 5 days. Sta-
tistical analysis of the error showed that its distribution
is close to the Gaussian distribution, while the RMS is
0.04 m. This means that this error can be considered
as systematic, therefore, it can be easily removed. The
coefficient k varies from 0.7 to 1.6. It is remarkable
that for the method of turbulent pulsations the value
of the coefficient is 1 (Figure 2d). This means that the
direct method based on the data from sonic anemome-
ter GILL can be considered as the reference. The error
of this method is related only to the overall overestima-



tion of the ablation layer. The Monin-Obukhov method
is the least accurate (Figure 2c): its application for es-
timating the turbulent heat flux leads to an overestima-
tion of the calculated five-day melt layer by 2–2.5 times
compared to the observed. Kuzmin’s method seems to
be not very proper as well, although this scheme was
developed specifically for turbulent heat and moisture
transfer over the snow and ice surfaces [Kuzmin, 1961].
It has the greatest variety of errors in comparison with
other methods; coefficient of determination is the low-
est (0.44). On average, the value of turbulent heat
flux is overestimated by 30%. The most correct (be-
sides the method of turbulent pulsations) is the method
of aerodynamic formulas: the average error (without
systematic error) is −10%.

Figure 3 presents an example of comparing the aver-
age daily values of turbulent heat fluxes, calculated by
all methods, in 2014. All schemes, except for Monin-
Obukhov, successfully reproduce the day-to-day vari-
ability of turbulent heat exchange. Large errors of
Monin-Obukhov method are apparently associated with
variations in the roughness of the glacier surface, as well
as with the need to select the parameters of the uni-
versal function (4) for a specific glacier. The maximum
errors are observed on light-cloud days, as well as on
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days with foehns. Apparently, the stationary conditions
are most violated in these days.

3.2. Physical Interpretation of Systematic Error

The simplifications of equation (2), discussed in Section
2.2, are used by many researchers [Hock and Holm-
gren, 2005; MacDougall and Flowers, 2011; Mölg and
Hardy, 2004; Voloshina, 2001; Wheler and Flowers,
2011]. However, the comparison of the calculations
of the ablation layer with these simplifications and ob-
servational data, presented in this paper, shows that
the above simplifications can entail the inevitable ac-
cumulation of errors, related to the underestimation of
physical processes, as well as the spatial distribution of
glacier moraine material.

Firstly, the detected systematic error can be asso-
ciated with the possible systematic underestimation of
reflected radiation flux at a specific measurement point,
while the albedo of the glacier’s elementary area of
100 × 100 m, chosen in the ablation zone, is highly
variable, and as shown by field measurements, can vary
from 0.2 to 0.4 (depending on the contamination of
ice, the presence of water, snow, etc.). Another rea-
son for overestimation of the ablation layer can be the



assumption that the temperature on the surface of the
glacier is 0◦C, whereas the glacier surface is a mixture
of melting ice with fine moraine material and water. In
the latter case, the temperature gradient in the lowest
layer near the surface is smaller, so the actual value of
the turbulent heat flux will be somewhat less than the
calculated one. Another reason for the error may be
the underestimation of the heating of liquid water on
the surface of glacier. All of the factors listed above
affect the heat balance permanently, and therefore the
resulting errors are systematic.

We’ve evaluated the energy equivalent of the sys-
tematic overestimation of ablation, and also the con-
tributions of the mentioned above factors. The value of
the daily ablation error is 0.025±0.008 m. It equals to
a daily energy amount of 8.2 MJ, or an instantaneous
energy flux of 95 ± 25 W/m2. This value is signifi-
cant and commensurable with the average value of the
turbulent heat flux obtained from sonic anemometer
measurements. The fact that the average magnitude
of the error is the same for all considered methods (see
Figure 2) indicates that this error is associated with a
physical effect not related to turbulent heat exchange.

We can also assume that the values of the albedo
measured by radiometers at the point of the AWS on



the glacier are underestimated. The data of albedo
measurements shows that the spatial variability of the
albedo in the ablation zone is characterized by RMS
of about 10%. Assuming that measurements at the
site characterize the underestimated albedo (23%), and
taking the value equal to 33%, we find that the average
incoming short-wave radiation is 267 W/m2 (Table 2),
the new value of reflected radiation will be 88 W/m2,
i.e. 27 W/m2 less than actually observed. Thus, this
correction is approximately 3.5 times less than the sys-
tematic error. Moreover, A. P. Voloshina in the re-
view [Voloshina, 2001] showed that the average albedo
of the ice surface in the ablation zone with moderate
amount of moraine material is 23%, which correlates
perfectly with our data (Table 2).

Another probable cause of the systematic error in cal-
culating ablation is the underestimation of evaporation.
The latter may be due to the effect of small moraine
material and liquid water on the surface of glacier on
the surface temperature, and hence the moisture con-
tent at the level of roughness. The presence of “pol-
lutants” on the surface of the glacier leads to the fact
that, from the point of view of physical properties, it
is no longer ice, and consequently its temperature in
melting conditions can be, on average, above zero and



theoretically reach ∼ 2 − 3◦C. Unfortunately, it is not
yet possible to confirm this physically reasonable as-
sumption instrumentally, since it is difficult to correctly
measure the glacier surface temperature under direct
solar radiation. The presence of liquid water on the ice
surface can substantially increase the evaporation layer.
On the contact surface of the water layer with ice, the
water temperature is close to 0◦C, while on its sur-
face it can be substantially higher than 0◦C, especially
under “good” weather conditions. From simple consid-
erations based on the theory of molecular diffusion, the
amount of evaporation of liquid water increases with
increasing temperature of the water layer. Underesti-
mation of this effect can cause a general overestimation
of the ablation layer.

4. Conclusions

The main result of this work is the quantitative evalua-
tion of the accuracy of various algorithms for calculat-
ing turbulent heat transfer over the mountain glacier.
The problem of choosing the optimal scheme for cal-
culating the turbulent heat transfer over snow and ice
surface has long been considered uncertain [Voloshina,
2001]. New methods of measurement can partly solve



this problem. Direct measurements of the radiation
balance components with an accuracy up to 20 W/m2

combined with measurements of ablation layer with an
accuracy of 0.005 m per day and with measurements of
wind speed and temperature pulsations at a frequency
of 10 Hz allow to estimate the heat consumption for
melting, radiation balance and turbulent heat transfer
with a high degree of accuracy.

It is shown that the use of turbulent heat transfer
calculations based on sonic anemometer data (using
the turbulent pulsation method) for ablation estima-
tion gives a good agreement with the measured ab-
lation layer (Figure 2d). Thus, this method can be
considered as a reference one. Evaluation of the main
methods of calculation of heat fluxes showed that the
method of aerodynamic formulas is the most correct in
comparison with the “reference” method. The Monin-
Obukhov method proved to be the worst, which agrees
well with the results given in [Voloshina, 2001].

The systematic overestimation of the ablation layer
(by 0.025 m per day in comparison with the measure-
ments) by all methods for calculating turbulent heat
fluxes, including the “reference”one, is most likely due
to the underestimation of the heat consumption for
evaporation of liquid water from the glacier surface.



Underestimation of the magnitude of the reflected so-
lar radiation due to the large spatial variability of the
albedo is another potential reason of ablation overesti-
mation.

The generalization of meteorological and actinomet-
ric measurements at the Djankuat glacier during inten-
sive ablation periods of 2007–2016 is a secondary but
practically important result of current study.
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