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Figure 1. Seasonal and interannual variations in the 
meteorological factors observed at the top of the PBL tower in 
the larch forest near Yakutsk from 1998 to 2005. The figures 
indicate air temperature, atmospheric water vapor deficit, 
shortwave radiation, net all-wave radiation, wind speed, and 
precipitation from the top to the bottom figures, respectively.
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Introduction 
Meteorological conditions vary widely from year to year, 
strongly affecting water and energy exchanges and the 
water balance. Water balance characteristics are also 
altered by climate conditions. Almost all precipitation is 
usually evaporated in dry regions receiving less than 500 
mm of annual precipitation. However, annual 
evapotranspiration is constant in rainy regions with 
annual precipitation exceeding 1,500 mm year–1. Thus, 
the interannual variation in precipitation has opposite 
effects on the annual evapotranspiration in dry and humid 
regions. 

Yakutsk, in eastern Siberia, receives approximately 
250 mm of annual precipitation and is categorized as a dry 
area. However, little is known about the interannual 
variations in meteorological conditions and the water 
balance in this area, where long-term data collection has 
been lacking. This paper first discusses the interannual 
variation in evapotranspiration at a larch forest in 
Spasskaya Pad near Yakutsk. The water balance at the 
stand scale is then analyzed based on data collected from 
1998 to 2005. 

 
Site description 
The observation site is located at 62ﾟ29’02” N, 129ﾟ
57’49” E, about 20 km north of Yakutsk city. The main 
overstory species is Larix cajanderi with an average stand 
height of 18 m and stand density of 840 trees ha–1. 
Vaccinium vitis-ideaea is the main understory vegetation. 
The leaf area index (LAI) is 2.0 for both the overstory and 
understory in summer. 

A 32-m-high planetary boundary layer (PBL) tower 
was installed in 1996, and hydrometeorological 
observations began in 1998. The sensible and latent heat 
fluxes were measured using the eddy covariance method. 

The former was calculated from 3-D ultrasonic 
anemometer data, and the latter was calculated from 
infrared gas analyzer (IRGA) data. However, the latent 
heat flux observation systems were changed during the 



 
Figure 2 Time series of the latent heat flux (top) and the 
sensible heat flux (bottom). 

 
Figure 3. Interannual variations in environmental elements 
and evapotranspiration. The closed circles indicate 
evapotranspiration. The bars and the open circles show each 
environmental factor. 

observation period. A closed-pass system was used in 
1998 (Li-6262), 2001, and 2002 (Krypton), while an 
open-pass sensor (Li-7500) was used beginning in 2003. 
A 1-D land surface model based on the Penman–Monteith 
equation was used to estimate evapotranspiration in 1999 
and 2000 because the IRGA had had operational 
problems. 

The meteorological data used in this study were 
obtained at the top of the tower. 
 
Results and discussion 
Meteorological conditions 
Figure 1 shows the seasonal and interannual variations in 
air temperature, the atmospheric water vapor deficit, 
shortwave radiation, net all-wave radiation, wind speed, 
and precipitation based on daily mean values. 

There were no significant differences in the 
magnitude of shortwave radiation, net all-wave radiation, 
and wind speed. Furthermore, no remarkable seasonal 
trends were found for wind speed. However, seasonal 
variations were found in the other three factors. The 
maximum air temperature ranged from 25 to 35℃ , 
leading to variations in the atmospheric water vapor 
deficit. The water deficit was high in summer with high 
air temperatures and lower in winter with lower air 
temperatures. The maximum vapor deficit reached 25 hPa 
as a daily mean value. Moreover, there were significant 
interannual differences in precipitation. The minimum 
amount of precipitation during June, July, and August was 

approximately 50 mm in 1998, and the maximum was 
approximately 240 mm in 1999. Little precipitation 
occurs in summer in this “dry” region. 
Turbulent fluxes and environmental conditions 

Figure 2 shows time series of the sensible and latent heat 
fluxes from 1998 to 2005. The peak values of sensible 
heat flux occurred approximately 1 month earlier than 
those of the latent heat flux every year. This tendency 
indicates that leaf emergence resulted in an increase of 
latent heat flux and that sensible heat flux consequently 
dropped. Seasonal variations in sensible heat flux ranging 
from 100 to 160 W m–2 were more significant than those 
of latent heat flux, 70–110 W m–2. 

Evapotranspiration variations by year and the relation 
of evapotranspiration to other environmental variables 
were also examined. Figure 3 shows the interannual 
variations in precipitation, mean air temperature, surface 
soil moisture content at 0–40 cm, and mean 
evapotranspiration rates from the dry canopy in June, July, 
and August. No significant relationship was found 
between precipitation and evapotranspiration. However, a 
slight inverse relationship was shown for air temperature, 
although this relationship was not clear. There was a 
remarkable positive relationship between surface soil 
moisture and evapotranspiration. The time response of 

soil moisture is usually slower than that of atmospheric 
conditions. Thus, the quick response of canopy 
conductance in relation to evapotranspiration is strongly 
controlled by atmospheric conditions. Soil moisture, 
however, is an important factor for the long-term response 
of evapotranspiration, although summer precipitation 



 
Figure 5 Interannual variations in winter (dark shading) and 
summer precipitation (light shading). 
 

Figure 6. Interannual variations in interception loss (light 
shading) and evapotranspiration from the dry canopy (dark 
shading). 
 

Figure 7. Summary of annual precipitation (total bar) and 
evapotranspiration (bottom part of bar). 

 
Figure 4. Interannual variation in potential evaporation (open 
circles) and the ratio of active evapotranspiration to potential 
evaporation (closed circles). 

does not control transpiration as mentioned above. This 
result implies that the effects of snowfall from previous 
cold seasons and the permafrost conditions affect soil 
moisture into subsequent seasons and are important to the 
interannual variations in evapotranspiration. 

As shown in Figure 3, evapotranspiration was stable 
(1.5–2.2 mm d–1) in this period even though the 
interannual variation in precipitation was wide (50–230 
mm). Evapotranspiration usually increases with 
precipitation in a dry region, but the opposite was true at 
this site. How is transpiration controlled by environmental 
conditions? The ratio of active evapotranspiration to 
potential evaporation was used to analyze the limitations 
of evapotranspiration. Potential evaporation can be 
obtained from the following equations: 
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where α is albedo, S↓ is downward shortwave radiation, 
L is atmospheric radiation, Cp is specific heat under 
constant pressure, ρ  is atmospheric density, ra is 
aerodynamic resistance, Ts is surface temperature, T is air 

temperature, l is latent heat of water, qsat(T) is saturated 
water vapor pressure at air temperature T, q is water vapor 
pressure, SH and LH are sensible and latent heat, 
respectively, and β is evaporation efficiency. The value 
of LH is the potential evaporation when β is unity. Figure 
4 shows the interannual variation in the mean values of Ep 
and E/Ep in June, July, and August. Ep was stable from 
year to year at approximately 150 W m–2; this result 
indicates that atmospheric conditions for evaporation 
were also constant each year. However, E/Ep showed 
slight interannual variation (0.28–0.44) compared to E. 

Land surface conditions, including soil moisture and plant 
physiological futures, will vary more widely compared to 
the atmospheric conditions; thus, E/Ep changed 

significantly each year. The values of 0.28 to 0.44 for 
E/Ep are much lower than those commonly obtained at 
vegetated land surfaces in temperate and tropical regions 
(0.7 ± 0.2). Annual evapotranspiration is strongly 
controlled by the land surface conditions in eastern 
Siberian larch forests. 
Interannual variation in the water balance 
Evapotranspiration was limited at the study site, as 
mentioned above, and precipitation and 
evapotranspiration controlled the water balance. Figure 5 
shows the interannual variation in annual precipitation. It 
is impossible to measure winter precipitation directly 
because of the severe cold in this region. The water 
equivalent of snow just before the melting season was 
used as the amount of winter precipitation. The summer 
precipitation shown in Figure 5 represents the general 
amount from May to September. The amount of annual 



 
Figure 8. Relationship between precipitation amount and 
evapotranspiration. 

precipitation ranged from 180 to 420 mm; wide 
fluctuations resulted from the interannual variation in 
summer precipitation. In contrast, winter precipitation 
was stable at approximately 100 mm. Consequently, the 
percentage of summer precipitation in the annual amount 
ranged from 50 to 70%. Figure 6 shows the annual 
evapotranspiration; this value includes interception loss 
but excludes sublimation from the snowpack. 
Evapotranspiration from the dry canopy was stable from 
year to year, as mentioned above. Interception loss varied 
according to the amount of summer precipitation. The 
annual evapotranspiration ranged from 130 to 190 mm. 
Figure 7 summarizes the annual precipitation and 
evapotranspiration. Annual evapotranspiration was stable 
regardless of the wide fluctuations in annual precipitation, 
and the residual between them changed widely each year. 
Figure 8 shows the relationships between precipitation 
(annual and summer) and annual evapotranspiration. This 
relationship was quite different from that obtained at the 
vegetated catchment scale (Zhang et al., 2001) in which 

almost all annual precipitation evaporated in a dry region 
with annual precipitation of less than 500 mm. This result 
indicates that evapotranspiration increases with annual 

precipitation; at high amounts of precipitation, 
evapotranspiration will eventually become constant. 
However, here, the evapotranspiration was constant even 
though the annual precipitation was less than 400 mm. 
This result implies that the water storage in the soil layer 
and the permafrost are important for the water balance in 
eastern Siberia. 

 
Summary 
This report examined the energy and water balances in a 
larch forest in eastern Siberia. The following new findings 
and interpretations were obtained. 

1. Air temperature, the atmospheric water vapor 
deficit, and summer precipitation ranged widely 
in each study year. 

2. The latent heat flux showed constant annual 
values. Moreover, the ratio of active 
evapotranspiration to potential evaporation was 
low compared to ratios from other vegetated 
surfaces; this result suggests that 
evapotranspiration from the dry canopy is 
strongly limited by land surface conditions. 

3. The annual evapotranspiration had constant 
values regardless of the wide interannual 
fluctuations in precipitation, with total amounts 
less than 400 mm. This tendency was quite 
different from results obtained at other vegetated 
watersheds and suggests the importance of water 
storage in the soil and of the permafrost 
conditions. 
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