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Abstract Recently we developed a method to obtain direct estimates of
surface turbulent heat fluxes (latent heat fluxes are estimated only for
saturated surfaces, wet and/or snow-covered) using routine meteorological
observations. This was possible for the former USSR territory and some other
countries, where the standard practice of hourly observations  includes
measurements of temperature at the atmosphere-land surface boundary and
state of the ground. The method has been tested on several observational data
sets and is now applied to northern Eurasia. We used the 3-hourly/6-hourly
station data for the past several decades to assess the trends of sensible heat
fluxes and latent heat fluxes from well saturated surfaces, including snow cover,
for the period 1960-1990. Large-scale changes in these fluxes, near-surface
temperature inversions and wind speed have been revealed over all of northern
Eurasia during the cold season.

INTRODUCTION

Recent studies indicate that changes in the hydrological cycle have already occurred
during the past several decades in high latitudes, namely in precipitation, streamflow,
sea ice extent, snow cover, snow depth, and potential evaporation (Intergovernmental
Panel on Climate Change, 1996). Trends in global radiation, surface air temperature,
and evaporation in these latitudes show that the surface heat balance has also been
affected (Gilgen ef al., 1998; Chapman & Walsh, 1993; Groisman ef al., 1997b). A
missing link in the comprehensiveness of these assessments is information about the
turbulent heat fluxes at the soil surface. These fluxes are not observed (or poorly
observed) by existing observational systems. This affects our ability to reliably predict
the consequences of climate change on the surface heat balance and the hydrological
cycle.

Groisman & Genikhovich (1997) developed a method to obtain direct estimates of
surface turbulent heat fluxes (latent heat fluxes are estimated only for saturated
surfaces, wet and/or snow-covered) using routine meteorological observations. This
was possible for the former USSR termritory and some other countries, where the
standard practice of hourly observations includes measurements of temperature at the
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atmosphere-land surface boundary and codes of the surface conditions (wet, dry,
snow-covered, etc.). The specifics of these observations restrict the unbiased flux
estimation to bare and/or snow-covered soil conditions. Currently, the method is not
designed for the estimation of latent heat fluxes from non-saturated soils. The method
has been tested on several observational data sets in Russia, The Netherlands, USA,
and China and is now applied to northern Eurasia. It provides an unprecedented’
potential for constructing the climatology and time series of turbulent heat fluxes in
thousands of locations during the past several decades.

SUMMARY OF THE TESTING METHOD

The testing has been performed using:

(a) the Cabauw, The Netherlands, boundary layer comprehensive data set with a 30-
minute time increment for the entire 1987 year (Beljaars & Bosveld, 1997);

(b) the data of the First Intemnational Satellite Land Surface Climatology Project Field
Experiment, FIFE, in May—October of 1987 over the tall-grass prairie in Kansas,
USA (Sellers et al., 1992);

(c) the data of the Sino-Japanese Cooperative Programme on the Atmosphere-Land
Surface Processes Experiment in the Heihe River Basin, 1989-1993, HEIFE
(Yamamoto & Guo, 1995); '

(d) the data of 12 boundary-layer field experiments carried out by the Russian Main
Geophysical Observatory (Orlenko, 1979) and the Institute of Atmospheric
Physics (Tsvang, 1985) in summer months over desert, steppe, and forest-steppe
climatic zones of the former Soviet Union; _

(e) the Russian Heat Balance network data (Main Geophysical Observatory, 1977);

(f) the Russian network of snow evaporation gauges (Leningrad, State Hydrological
Institute, 1976).

Additionally, the gridded long-term mean estimates of sensible heat flux over the

former Soviet Union have been compared with the maps of the residual term of the

equation of the surface heat balance (Budyko, 1956) that is an equivalent estimate of
this flux. :

Most of the results of this testing have been described by Groisman &
Genikhovich (1997) and Groisman ef al. (1997a). Below we summarize these findings:
— We receive reasonable point estimates of sensible heat flux over bare soil and

snow-covered surfaces from measurements similar to routine meteorological
observations in the former Soviet Union, China, Mongolia, Romania and some
other countries where these observations include measurements of temperature at
the atmosphere-land surface boundary. We receive reasonable point estimates of
latent heat flux from saturated surfaces at the same locations when the state of the
ground is available (e.g. in the former Soviet Union). The above means that the
method by Genikhovich & Groisman (1997), when applied to each data set,
delivers the flux estimates without significant systematic biases.

— Because originally the routine meteorological observations were not designed for
the turbulent flux evaluation, the accuracy of a single flux estimate is marginal
(£20%) but it improves substantially with time-averaging.
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selected for this presentation. During this period most of the synoptic stations have
already been relocated to airports, and their records are almost serially complete.

In 1966 the Soviet Union Hydrometeorological Service switched from 6-hourly (at
local standard times) to 3-hourly (coordinated with UTC) routine observations. This
made the estimates of mean daily values of all variables more accurate but has altered
the times of observation over most time zones of the country and could introduce some
inhomogeneity into the mean daily time series of variables with a strong diumal cycle,
e.g. sensible heat fluxes in the warm season. No efforts were made to correct this
problem, but we found that in the cold season these changes do not affect the trends
presented.

The turbulent flux estimates, as well as the measurements of several other
meteorological variables (wind speed at the anemometer height; surface air and ground
surface temperature, and total cloud cover), have been area-averaged over the climatic
zones shown in Fig. 1. The data from stations located in mountainous regions and in the
subtropics (grey-shaded in Fig. 1) have been assessed separately and are not included in
the following analyses. Direction from the surface to the atmosphere is considered
positive throughout this paper.

RESULTS

When we obtained large-scale changes in both turbulent heat fluxes in the cold season

(and in all seasons in the areas north of 55°N) we checked the behaviour of the near-

surface temperature gradients, wind speed, and cloud cover to assure ourselves that these

changes are realistic and are not a product of changes in observational practice. Figures 2

-5 present our findings for the winter season. Tables 1 and 2 summarize the results of

our trend analyses. A short summary of our findings for all seasons is presented below.

— In winter, sensible and latent heat fluxes have decreased during the period from
1960 to 1990 in all climatic zones (Figs 2 and 3). In the desert climatic zone the
decrease in latent heat flux cannot be confirmed, because part of this zone in winter
does not have a stable snow cover and therefore cannot be considered as a well-
saturated surface.

- The above changes in turbulent heat fluxes have been supported by a coordinated
decrease in wind speed at the anemometer height (Fig. 4) and by an increase in the
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Fig. 2 Winter sensible heat fluxes area-averaged over climatic zones of northern
Eurasia. Direction from the surface to the atmosphere is considered positive.
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Fig. 3 Winter latent heat fluxes area-averaged over climatic zones of northern Eurasia.
Direction from the surface 10 the atmosphere is considered positive.

near-surface temperature inversions (Fig. 5). These trends in near-surface winds,
temperature gradients, and turbulent heat fluxes are not apparently linked to cloud
cover variations.

In tundra, taiga, and forest climatic zones over northern Eurasia, sensible heat fluxes
decreased during the period from 1960 to 1990 in all seasons (in summer the
decrease in forest and taiga zones can be confirmed only after 1966 due to the data

homogeneity problem mentioned above, and in spring, over the forest zone, changes
are insignificant).
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Fig. 4 Winter mean wind speed at the anemometer height ‘(-IO m above the ground),
area-averaged over climatic zones of northem Eurasia, ms™.
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Fig. 5§ Near-surface temperature gradient area-averaged over climatic zones of
northern Eurasia. Surface air temperature, 7,,, has always been measured at the fixed
height of 2 m above the ground, while the surface temperature, 7., is measured at the

surface—atmosphere boundary and in winter usually characterizes the snow surface
temperature.
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Table 1 Estimates of mean daily turbulent heat fluxes area-averaged over climatic zones of northern
Eurasia and their linear trends.

(a) Winter. Period 1960-1990. All trends are statistically significant at the 0.01 level (except latent heat

flux in tundra, which is significant only at the 0.1 level). Latent heat estimates in desert are
representative for snow-covered and/or saturated soils only.

Winter mean Sensible heat flux linear Winter mean Latent heat flux linear

trend trend
(W m?) (W m%/30 years) (Wm?) (W m?/30 years)

Tundra -7 -5 0 -0.5
Taiga -3 -4 1 -1
Forest 1 -6 5 -3
Forest-steppe 2 8 7 —4
Steppe 5 -8 1 -4
Semi-desert and desert 17 -9 45 -23

(b) Sensible heat flux in spring, summer, and autumn. Period 1960-1990 (italicized values represent
period 1966-1990).

Spring Spring linear Summer Summer linear Autumn  Autumn linear
mean trend mean trend mean trend
(Wm?  (Wm?30years) (Wm?)  (Wm¥30years) (Wm?) (W m?%30 years)
Tundra 12 —15** 37 e hid 0 —4ss
Taiga 13 —4% 54 —4* 6 X
Forest 25 -2 61 —ge* 12 3w
Forest-steppe 38 -6 88 -3 19 4+
Steppe 49 -8+ . 97 3 28 4
Semi-desert 76 5 136 =2 66 -1

and desent
*

Trend values that are statistically significant at the 0.05 level.
** Trends that are statistically significant at the 0.01 level.

Table 2 Changes in the sign of sensible heat fluxes over northem Eurasia.

Zone Season 1960s 1980s
Tundra Autumn Source Sink
Forest and forest-steppe  Winter Source Sink

—~ In steppe and forest-steppe climatic zones over northern Eurasia, a decrease in
sensible heat fluxes in intermediate seasons (spring and autumn) also occurred.

A decrease in the surface-atmospheric heat exchange, when it is directed from the

surface up, and its increase, when it is directed from the atmosphere down, is an

important and so far not well understood feature of contemporary climatic change. It

implies that we can expect very different rates of temperature changes near the surface
compared to those in the troposphere.
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