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FOREWORD

The subject selected for the scientific lectures presented during the forty-second session of the
Executive Council was "Special topics on climate”. This was a particularly topical subject for a
session of the Council held approximately mid-way between the Second World Climate
Conference and the United Nations Conference on Environment and Development.

The topic was addressed by three distinguished scientists who presented the following
lectures:

. Dr J. T. Houghton (UK) A discussion of uncertainty in climate models
. Mr T. Karl (USA) Detecting climate change: Issues of special concern
. Dr G. Golitsyn (USSR) Present knowledge of minor atmospheric constituents

playing a major role in the radiation balance

These excellent lectures raised a great deal of interest and were much appreciated by the

Executive Council. Sincere thanks are therefore expressed to the lecturers for their valuable
. contributions.

(G. O. P. Obasi)
Secretary-General






A DISCUSSION OF UNCERTAINTY IN CLIMATE MODELS

by
Dr J. T. Houghton

Meteorological Office, Bracknell, Berkshire, UK

The material used in the presentation to the forty-second session of the Executive Council was sub-
sequently incorporated into the "Bakerian Lecture” delivered by Dr J. T. Houghton to the Royal Society in
London in March 1991. The same material was updated and used in Dr Houghton's scientific lecture to the
Eleventh World Meteorological Congress in May 1991. For these reasons, Dr Houghton's lecture is not

included in the present volume but will be contained in the WMO publication Scientific lectures presented
at the Eleventh World Meteorological Congress.
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Figure 3 Mean differences of air temperatures between a
thermometer screen and a thatched shed with
different durations of bright sunshine from January 3,
1978 to June 4,1978 (from Chen, 1979).
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Figure 4 Smoothed seasonal land surface temperature

anomalies, relative to 1951-1980 (from chapter 7
IPCC, WG-1).

dependent. For example, the differences between a ther-
mometer in a Stevenson screen compared with one in a
thatched shed for a station located in Hong Kong is given in
Figure 3, but Table 1 indicates that for a similar comparison
in Sri Lanka the differences are of opposite sign. This makes
corrections for the biases extremely difficult It is likely that
biases due to instrument exposure have indeed contaminated
the global temperature record. Figure 4 depicts very warm
Northern Hemisphere summer temperatures during the late
nineteenth century, however, it is likely that the direct and
indirect effects of insolation have biased the record.
Unshielded north facing thermometers were common in
many areas at this time; Parker (1990) examines these issues
in more detail. At present, many countries are now or have
already, switched from the Stevenson screen to new shelters
suitable for automatic readings. It is imperative that side-by-
side comparisons of new and old technology be initiated prior
to the removal of the old equipment if we hope to avoid the
problems of the past in the future.

Often an unavoidable change in a station's location must
be made. The impact of these changes in the thermometric
record is illustrated through several examples. Figure 5
shows the non-climatic induced cooling at Binghamton, New
York by a station relocation from the a city to a more rural
airport location. The airport was located several hundred
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Figure 5 Original and adjusted mean annual temperatures.
Smooth curve is a nine-point binomial filter. The
width of the confidence intervals of the adjustments
are shown relative to the 1984 location of the
station (from Karl and Williams, 1987).
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discontinuity, and the adjusted time series in Figure 5 is
derived by a statistical technique which relies on neighboring
station'data (Karl and Williams, 1987). Nonetheless, no
matter how well the technique performs, it is disconcerting to
adjust time series more than the net change in the entire
record. Figure 6 depicts the large impact on the thermometric
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Similarly, the Washington, DC, station used in WWR and Des Moines, IA
MCDW had a relocation from the city office to the urban (WWR - HCN)
airport (Figure 7); its associated discontinuity in the thermo- L
metric record is quite apparent as well as the gradual
warming of the Washington, DC record after the relocation.
The recent gradual warming is not characteristic of nearby,
less urbanized, stations, and it is generally recognized to be
the result of another bias, the urban heat island bias.
Fortunately, some of the errors and biases introduced by
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Figure 9 The correlation of mean monthly temperature
anomalies of the Jones et al. (1986a, b) data set
with an updated hemispheric land based data set
described by Kleschchenko et al. (1988).
Unshaded areas represent missing data.

the airport. This has, to a significant degree, offset the urban
induced wanning at locations like Phoenix, Arizona (Figure
8) and elsewhere to such an extent that the urban bias in the
current global records is not large (< 0.1 °C per century).
Jones et al. (1990) also infer a similar scenario with respect to
the urban warming bias in China.

Although we may have been fortunate up to now in this
rather haphazard approach to global temperature monitoring,
it would be unwise to imply that we can continue to take such
an indifferent attitude about homogeneous observations in the
future. Cancellation of errors is not an appropriate quality
control mechanism to build scientific databases. Today it is
very difficult to reconstruct reliable time series of regional
and local climate variations from the thermometric record.
Such information however, is essential to understand the
impacts associated with climate change. As an example,
Kleschchenko et al. (1988) calculate (Figure 9) the correla-
tion of the temperature anomalies from a hemispheric
thermometric data set they developed with those derived
from the data of Jones et al. (1986a, b). Many areas of the
Northern Hemisphere have poor agreement between the two
data sets, especially outside of North America, eastern Asia,
and Europe. Based on this analysis, and others, it is clear that
our global data sets cannot adequately resolve regional and
local-scale climate anomalies.

Many of the inhomogeneities that have arisen in our
climate records over the past few decades are attributable to
the fact that observations have primarily been made for

weather forecasting, where the reliability and the uniformity
of the network is more important than the long-term homo-
geneity from specific locations. Furthermore, in the first half
of the instrumental record, adequate observing techniques
were still being developed with numerous changes in instru-
ment shelters being introduced, often in poorly documented
ways. As long as the National Weather Services of the World
continue to be the primary source of information for climate
change and variations this problem will not be resolved
unless there is a commitment to long-term homogeneous
networks by the National Weather Services throughout the
world. The World's National Weather Services must consider
the impact of cost-saving measures and new automation
changes in their weather observing networks before imple-
mentation. This may for example, require a period of
side-by-side monitoring of new observing systems to estab-
lish their differences before discontinuing measurements
from the system being replaced.

Recently, the WMO has taken some positive steps in
this direction associated with the Climate Change Detection
Project, the Climate Reference Network, and the Global
Climate Baseline Data Set. An important word of caution
however, is needed with respect to the Climate Reference
Network. We should not delude ourselves into thinking that
even a Reference Network will remain totally free of in-
homogeneities. It will be impossible to assure that a large
network of stations will never undergo significant sources of
biases. It is essential that we maintain a dense network of
supporting stations that can be used to adjust for inhomo-
geneities which will inevitably occur at these stations. In
addition, climatological supporting stations can better define
the spatial patterns of climate variation and change so neces-
sary for understanding biophysical and socio-economic
impacts of climate change.

It cannot be overemphasized that it is extremely impor-
tant that adequate documentation of instruments,
environmental changes, observing schedules, and data
processing methods accompany the basic data. In the absence
of such metadata, assessments regarding the longterm homo-
geneity of the observations is much more tentative.
Unfortunately, this metadata is often overlooked, or hastily
compiled, thereby needlessly degrading the value of the orig-
inal observations for the detection of climate change.

(ii ) Oceans

The oceans comprise about 61% of the Northern Hemisphere
and about 81% of the Southern Hemisphere. Their thermo-
metric changes cannot be ignored, and in fact they may hold
the key to understanding the atmosphere's spatial and tem-
poral response to greenhouse gas emissions. At the present
time global estimates of ocean temperature deviations have
been derived from two basic data sets. This includes the
Comprehensive Ocean Atmosphere Data Set (COADS)
compiled by the USA National Oceanic and Atmospheric
Administration (NOAA) and the UK Meteorological Office's
data seL These data sets consist of millions of observations
from commercial ships, supplemented with observations
from drifting and moored buoys as well as weather ships.
Unfortunately, when these data are used to reconstruct ocean
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Figure 10 Sea-surface temperature anomalies 1861 -1889,
relative to 1951-80. Smoothed curves are 15-
term binomial filters, — dashed from Farmer etal.
(1989), smoothed from the UK Meteorological
Office (Updates from Folland, 1990 prepared for
IPCC WG-1, Chapter 7).

temperatures back to the Nineteenth Century the biases in the
data set (due to changing methods of observing air and sea
surface temperatures) are as large as the observed warming
of the land based observations (Figure 1). Depending upon
the assumptions used to adjust these data, small, but signifi-
cant, differences in the rates of global ocean warming result
(Figure 10).

Since the differences in Figure 10 are primarily due to
the assumptions made regarding the observing methods used
(canvas versus wooden buckets) they do not represent the
potential bias that may result due to incomplete and changing
global coverage. Even today, there are large portions of the
globe without adequate measurements (Figure 11).
Permanently moored and well-maintained buoys or Ocean
Weather Ships, especially in the Southern Hemisphere, could
help alleviate this problem. Space-based observations will e
also aid considerably. At present, satellite measurements Percentage of seasons with SST da'a(onOaS*XS*spa;ngale)
alone will not be sufficient because of unresolved problems -
associated with instrument drift and unknown, unpredictable,
and varying compositions and concentrations of tropospheric
and stratospheric atmospheric aerosols which interfere with
the normal radiative atmospheric windows.
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(b) Precipitation

In many portions of the globe variations of precipitation are
even more critical than temperature, but unfortunately there
exists many problems associated with the measurement and
homogeneity of even this basic element Point observations
of precipitation collected in a raingage are still considered the

Percentage of seasons with SST data (on a 5° x 5° space scale).

from Bottomley ot al.

most accur_ate measuremer_ns. Unfortunately, t_hese measure- Figure 11 b Percent of seasons with at least one observation
ments typically underestimate the true rainfall (Sevruk; on a 5°x5° space scale (from UK Meteorological
1979,1986). There is no universally accepted raingage, and Office database as given in Karl et al., 1989).

there, have been many studies to compare the efficiencies of
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Figure 12b Changes in the rates of winter to subsequent
summer precipitation since the turn of the
century.

various gage designs (Rodda, 1971, Sevruk, 1982, 1986,
1987; Folland 1988). This has been recognized by many
National Weather Services, and they have often strived to
implement new methods of collection efficiency, often in
ways which are either poorly documented or have difficult
accessibility, introducing biases of unknown magnitude into
the climate record. Such changes are often driven by the needs
of weather observing programs as opposed to climate programs.
In addition to the systematic underestimate of precipita-
tion due to evaporation, wetting losses, and aerodynamic
affects, recent work by Willmott and Leagates (1990) demon-
strates that in many studies the gridding procedures used to
convert the point observations of precipitation to area aver-
ages can result in biases in the opposite direction. These
biases are a function of the density of stations in the network.
The question of the appropriate number of stations to use is
not new, and it has been grappled with for many decades
(Gandin, 1970; WMO 1985). There is no universally applic-
able solution to this problem, since topographic variations and

Figure 12a

Area of anticipated
increases of winter
precipitation and
decreases of summer
precipitation in an
enhanced green-
house world.

climatological processes play a role. Because precipitation is
historically more variable than temperature, a denser network
of recording stations is required. Recent investigations of
changes in global precipitation (Bradley et al., 1987; Diaz et
al., 1989; Vinnikov et al., 1990) have used as many stations
as possible (usually a few thousand land stations); but this is
woefully inadequate for regional or local assessments of
climate change, and, as Willmott and Leagates (1990)
demonstrate even for global assessments. Fortunately, there
are nearly 200 000 regular reporting precipitation stations on
a global basis. Unfortunately, most of these data are not
exchanged between countries on a routine basis. This is an
important topic, one in which the World Meteorological
Organization can be of substantial benefit, both in terms of
the spatial coverage and consideration of homogeneous
observations free from systematic bias.

The importance of these data sets cannot be over-
emphasized both in terms of comparing climate trends and
variations with model projections and climate change impact
assessments. For example, they can be used to check the
veracity of our General Circulation Climate model projections
associated with enhanced greenhouse gas concentrations, such
as the reduction of summertime precipitation and the increase
of wintertime precipitation in the central portion of North
America (Figure 12). They are absolutely essential if we are to
understand the spatial variability of precipitation on an annual
basis, let alone its change over longer time periods. Even on an
annual basis over the flat piedmont of central North Carolina
(USA) annual errors of precipitation estimation of nearly 400
mm (25%) can occur based on the use of observations from the
synoptic network alone (Figure 13).

(c) Aerological variables
Q) Temperature

Observational studies of tropospheric and stratospheric
changes of temperature are important for comparisons with
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Figure 13 North Carolina's (USA) annual precipitation from
the synoptic network and the denser climatologi-
cal co-operative network for 1985; and the
co-operative network minus the synoptic network
(from Karl and Quayle, 1980).

model projections. They have been completed by many
researchers (Parker, 1980; Parker, 1985; Oehlert, 1986;
Barnett, 1986; Karoly, 1987; Barnett and Schlesinger, 1987;
Sellers and Liu, 1988; Angell, 1988; Karoly, 1989). These
studies have used temperatures derived from radiosondes
which are also subject to instrumental biases, such as radiation
shielding problems, time of observation biases, etc. These
biases have not been assessed in any of the above mentioned
studies. Part of the reason for this is the difficulty in obtaining
adequate station history operation procedures and instrument
packages used by the various National Weather Services.
Again the World Meteorological Organization has a role to
play with respect to international comparisons of radiosondes
and ensuring consistency and completeness of observations.
The WMO Commission for Instruments and Methods of
Observation (CIMO) has taken some initiative to help clarify
the existing disarray of information on station histories.
Nonetheless, the World's National Weather Services must
make a commitment to climate monitoring as well as weather
prediction if we are ever going to achieve significant improve-
ments in our ability to produce homogeneous observations.

. Despite the potential biases in the aerological data,
some encouraging results have recently emerged from a
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Figure 14 Annual global averages of 850 to 300 hPa
temperature anomalies from Angell (1988) and
from brightness temperatures (dots) derived from
NOAA-7 and 8 Microwave Sounding Unit (MSU)
measurements as calculated by Spencer and
Christy (1990), (from IPCC-WG1, Chapter 7).

comparison of thermometric data derived from 63 global
aerological stations with the space-based measurements
assembled by Spencer and Christy (1990) from the Micro-
wave Sounding Unit (MSU) aboard the NOAA series of
satellites. Figure 14 depicts the time series of global average
temperatures from Angell's (1988) network of 63 stations and
those from the MSU data. The MSU data are brightness
temperatures which correspond best to an integrated mid-
tropospheric temperature. Over the period 1979 to 1988 the
root mean square of the difference of the annual anomalies
(forced to the same reference) between the two data sets is
0.02°C and the correlation is nearly 0.98.

(i) Moisture

An enhanced hydrological cycle with increased atmospheric
moisture content is projected by every GCM with enhanced
concentrations of greenhouse gases. This alone makes the
observations of atmospheric moisture important, but in addi-
tion it is one of the key components to understanding the
linkages of heat and moisture in the climate system.
Obviously, this is an important climatological element Again,
the daily observations of radiosondes are the primary source of
data. Recent work by Elliot (1988) and Hense et al. (1988)
suggest that there has been a significant increase in the water
vapor content of the mid-troposphere in the last decade or so.
Unfortunately, the uncertainties associated with atmospheric
moisture monitoring are large. As with thermometric observa-
tions, corrections for biases have been hampered because of
the difficulty in obtaining global station histories.

(iii) Winds
Changes in circulation patterns can be derived from geo-
potential heights. The importance of these patterns has been
recently illustrated by Flohn et al. (1990). They argue that it
is unwise to decouple natural climate variability and anthro-

pogenic climate change as demonstrated by some recent
changes in circulation over the North Atlantic and Pacific.
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Changes in frequency and types of circulation patterns over
the North Pacific have also been pointed out in a recent study
by Trenberth (1990). Since these studies depend on accurate
geopotential heights and statcompressures it is important that
station histories adequately reflect instrument packages and
instrument heights over the course of a station’s lifetime.

(d) Other surface variables

() Vegetation

Increasingly, climatologists are giving more attention to the
interaction between the biota and the climate (Schwartz and
Karl, 1990; Segal, et al., 1989). Not only does the plant
community respond to climate, but changes in plant tran-
spiration and albedo have feedback effects which influence
local and regional climate. The International Geosphere
Biosphere Program (IGBP) was developed in part to help
address these concerns. There is now beginning to be a
recognition that long-term monitoring of changes in vegeta-
tion is essential for a true understanding of the interaction of
surface processes and the climate. This ranges from the
chlorophyll measurements made at sea by various researchers
to the space-based measurements of active photosynthesis
such as the Normalized Difference Vegetation Index (NDVI)
as described by Malingreau (1986) and Justice (1986) and the
intensive set of land-surface measurements made in the First
ISLSCP* Field Experiment (FIFE) (Sellers et al., 1988). The
land surface provides an important feedback with the climate
system that is critical for a detailed understanding of climate
change. Programs such as the IGBP's core project the Global
Change and Terrestrial Ecosystems (GCTE) will be
extremely valuable for a better understanding of the ways in
which the atmosphere and the land surface interact. But it is
not clear that these programs will be able to support long-
term measurements. Observations for a better understanding
of vegetation and climate interaction and model physics are
extremely important, but so are long-term measurements if
we ever expect to assess the impact of climate change and
long-term feedbacks.

(if)
Variations of snow and ice are key surface parameters which
play a major role in the exchange of heat, moisture, momen-
tum, and long/short wave radiation between the Earth's
surface and the atmosphere. This makes their long-term
monitoring of special importance. Global coverage of
changes in snow and ice cover have recently been derived
from space-based observations (Figure 15). On a regional
basis, observations of snow depth are available, but these are
only stored in national centers and are often unorganized or
poorly documented (Robinson, 1989).

The USA NOAA prepares weekly snow/no snow infor-
mation for 7921 grid boxes in the Northern Hemisphere.
They are compiled from visible and near-infrared satellite
imagery. These data have been compiled since 1966, but the

Snow and sea ice

+ International Satellite Land Surface Climatology Project
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quality of the earlier data is questionable due to a variety of
factors including low or no solar illumination in the polar
winter, persistent cloudiness, omission of the Himalayan region
in early years, and a too coarse grid resolution in some moun-

tain areas (but this latter bias has not changed with time). Since
the early 1970s however, it is generally believed that these data
are reasonably homogeneous. Consistent with the surface
temperature records a significant jump in the hemispheric snow
cover is detected around 1980 (Figures 1 and 15a).

Unfortunately, there has been little work on changes in
snow depth/cover from long-term in situ observations of
snow. Few studies have dealt with long-term trends or low-
frequency fluctuations of snow depth over even small regions
(Arakawa, 1957; Manley, 1969; Jackson, 1978; Pfister, 1985;
Robinson, 1987).

Observations of sea ice are made from shore stations,
ships, aircraft, and satellites. The first three are quite limited
in scope compared to satellite observations. Barry (1986)
indicates that early in situ observations of sea ice present
many problems of interpretation. This is because of inade-
quate metadata. For the more recent times, however, the
USA NOAA produces digitized maps of sea-ice (Figures 15
b and c). These charts are produced by all four types of infor-
mation listed above including visible, infrared, and
microwave satellite sensors. Data quality has been consistent
in time, but the digitization of sea ice concentration switched
in 1980 from eighths to tenths. This does not, however, coin-
cide with the jumps (of opposite sign) in ice coverage that
occurred around 1975 (Figures 15 b and c).

Gloersen and Campbell (1988) point out the difficulty
in interpreting changes in ice coverage. Using Nimbus 7
micro wave data they indicate that during the years 1978 to
1987, despite the fact there was little overall change in global
ice coverage, the amount of open water within the ice
increased significantly.

It is essential that these types of satellite measurements
continue on an operational basis as they have for the past two
decades. Unfortunately, the in situ observations of snow
cover/depth are not being utilized to their full extent.

(iii) Soil moisture

An important variable that has been shown to be of consider-
able importance with respect to understanding local and
regional climate anomalies is the soil moisture content It has
been shown to effect the changes in the surface boundary
layer conditions during droughts, and their relationship with
surface temperature, precipitation, and feedbacks to the
atmospheric circulation (Segal, et al. 1989; Karl, 1986; Rind
1982; Walsh et al. 1985; Van den Dool 1984; Yeh et al. 1984;
Rowntree and Bolton 1983; Sawyer 1964; Namias 1952,
1962). Unfortunately, actual measurements of soil moisture
are often not even taken by National Weather Services. This
should be changed in light of the importance both to the agri-
cultural community and the climate community. A long-term
measurement program should be established in nations where
such measurements do not exist, and where such measure-
ments have been made better documentation and access to
these data are needed.

(e) Clouds

Clouds modify both shortwave (solar) and longwave (terres-
trial) radiation, the former by reflection and the latter by
absorption. Therefore they may cause a net warming or cool-
ing of global temperature, depending on their type,
distribution,  coverage, and radiative  characteristics
(Charlock, 1982; Webster and Stephens, 1984; Sommerville
and Remer, 1984; Roeckner et al, 1987; Cess and Potter,
1987). Ramanathan et al (1989) show that with today's distri-
bution and composition of clouds, their overall effect is to
cool the earth. Changes in cloudiness are therefore very
important  for understanding global climate change.
Furthermore, local and regional climate variations can be
strongly influenced by the presence or absence of low,
middle, and high clouds (Figure 16).
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Observations of cloudiness can be made from the
Earth's surface by a trained observer from land stations or
ocean vessels, or by an automated system. Above the Earth's
surface, aircraft or space platforms are used (de Bary and
Moller 1963; Rossow, 1989; McGuffie and Henderson-
Sellers, 1989a). Surface-based observations of cloudiness
give closely similar results to space-based observations.
Careful and detailed intercomparisons, undertaken as a
preliminary part of the International Satellite Cloud
Climatology Project (ISCCP) by Seze et al. (1986), have
unequivocally demonstrated that surface and space-based
observations are highly correlated. Presently, space-based
observations of cloudiness from major international
programs, such as ISCCP, are not yet available for periods of
sufficient duration to detect long-term changes, and it is not
clear that such projects will provide us with long-term homo-
geneous measurements. Nonetheless, a 25-year data set of
global cloud cover now exists which consists of visual and
infrared images from the "Meteor" satellite system (Matreev,
1986). These data are now of sufficient length that they can
and should be compared to surface-based observations.

(i) Land

Henderson-Sellers  (1986a,b, 1989) and McGuffie and
Henderson-Sellers (1989a) have analyzed changes in total
cloud cover over North America and Europe during the twen-
tieth century. Both continents give an increase of annual
cloudiness.  Preliminary analyses by Henderson-Sellers
(1990) for Australia and the Indian sub-continent also give
increases in cloudiness. The increases are substantial: 7% of
initial cloudiness/50 years over India, 6%/80 years over
Europe, 8%/80 years for Australia, and about 10%/90 years
for North America.

These changes are very large, but once again it is not
certain how much of the increase is due to changes in observ-
ing practices and in the subsequent processing of cloud data.
For example, the large increase in cloudiness observed in
many areas during the 1940s and 1950s occurred at a time
(about 1949 or later, depending on the country) when the
synoptic meteorological code underwent a major change (but
not in the USA, USSR, and Canada). Observers began
recording cloud cover in "oktas" (eighths) instead of in
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tenths. When skies were partly cloudy it is possible that some
observers who had been used to making observations in the
decimal system converted to the same number of oktas,
thereby overestimating cloud cover.

Recently, Karl and Steurer (1990) have compared
daytime cloudiness statistics over the USA with data from
automated sunshine recorders. They attribute the large
increase of cloudiness during the 1940s to the inclusion of the
obscuring effects of smoke, haze, dust, and fog in cloud cover
reports (there being no change in the recording practice from
tenths to oktas in the USA). Nonetheless, they argue that the
increase in cloudiness after 1950 may be real as the increase is
consistent with a decrease in the diurnal temperature range and
an increase of precipitation in the USA (Figure 17).

Observed land-based changes in cloudiness are difficult
to assess. Notwithstanding, total cloud amount appears to
have increased in some continental regions, a fact supported
by significant changes in the character of regional-scale
temperature. Cloudiness records are difficult to interpret reli-
ably, primarily because of the inadequate metadata
describing how measurements and the processing of these
measurements have changed over time. Comparisons of the
more recent 25 years of in situ surfaced-based data can, and
should, be made with the Meteor satellite data set to help
assess homogeneity issues in each of these data sets.

(i) Oceans

Ocean-based observations of changes in cloud cover have
been compiled by Warren et al (1988) since 1930. The data
are derived from maritime synoptic weather observations.
The number of observations varies between 100,000 and
2,000,000 each year, increasing over time. The data indicate
that a relatively large increase in marine cloudiness occurred
from the 1940s to the 1950s exceeding one percent in total
sky covered. This increase is not reflected in the number of
completely clear sky observations, nor is it observed in the
number of completely overcast conditions. The largest
increases are in stratocumulus clouds in mid Northern
Hemisphere latitudes and in cumulonimbus in the tropics.
Since 1930, mean Northern Hemisphere values have
increased by 3-4 percent of total sky covered and by about
half this value in the Southern Hemisphere. Fixed ocean
weather ships, placed after 1945 in parts of the North
Atlantic and North Pacific with well trained observers,
however, show no trends in cloudiness between the 1940s
and 1950s when other ship data from nearby locations
showed relatively large increases. It is clearly not possible to
be confident about the increases but these comparisons point
out the value of many different sources of data.

3. INTEGRATION OF SPACE-BASED OBSERVA-
TIONS, NEW OBSERVING SYSTEMS, AND IN
SITU DATA

Spaced-based observations of important parameters are not
yet long enough on their own to document climate variations
and change. In order for these data to be most useful, it is
very important that they be analyzed and interpreted with
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existing in situ data. This can be in the form of a rigorous
cross validation of these data; the proper interpretation of
remote sensing information for climate purposes is often
dependent on such comparisons. The comparison of the
MSU derived brightness temperatures with the radiosonde
derived temperatures (Spencer and Christy, 1990) or the
comparison of in situ and spaced-based observations of snow
cover are good examples where such comparisons are essen-
tial. Even more valuable however, is the blending or
integration of spaced-based and in situ data sets in such a
way as to build on the strengths of each type of data. The
development of blended long-term data sets should have a
high priority. Sufficient space-based data already exist for
some variables so that it would be very feasible to increase
the veracity of long-term historical data sets by blending both
in situ and space-based observations. This includes, but is not
limited to in situ data sets such as:

1) snow cover/depth for some large land areas of the
globe,

2) global sea-surface temperature measurements,

?3) vegetation indices and historical measures of

drought intensity,

4) temperatures both over the land, ocean, and
throughout the atmosphere, and

(5) cloud cover.

For example, it would be very useful if in situ snow
cover/depth data were related to space-based derived informa-
tion to both increase the information content of the modem
data and establish the required density of stations needed to
capture most of the seasonal and year-to-year variance of
continental snow cover of the in situ instrumental record. In
this manner records could be extended backward in time with
more consistency and knowledge of their spatial biases.
Similarly, the comparison of space-based ocean temperatures
with in situ observations could help establish the effects of
inadequate sampling in the historical observations and also
improve the more recent satellite products (Reynolds, 1988).
Since a long-term commitment to observing and
producing homogeneous data sets is needed to document
changes in climate, our best hope to fulfill this need from
satellite systems is to build databases from operational
systems. They provide the necessary commitment of
resources to produce long-term data sets. In addition to the
commitment for long-term data sets however, all instruments
aboard the satellite should be calibrated both prior to launch
and in flight. One of the most reliable methods to check the
veracity of the data is to fly redundant instruments on two
satellites. Although this may be more costly, the uncertainty
about instrument drift can make the observations useless for
documenting climate change and variations. For those instru-
ments now in operation, where none of the above procedures
are possible, techniques should be developed to prevent or
help detect instrument drift. Similarly, when new algorithms
to process data are introduced, the entire data collection
should be reprocessed to prevent discontinuities. In planning
new space-based observations for long-term climate monitor-
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COCTOSAHUE 3HAHUI O NMAPHNKOBbLIX TA3AX B ATMOC®EPE,
OMPEAENAROWNX PAANALUNOHHbBIV BAJTAHC SEMJ1N*

.C.roimubiH

NHCTUTYT ®UN3NKN ATMOCDEPbI AH CCCP, MOCKBA

BBEAEHWE

ATMOC(epa COCTOUT M3 [BYX TWMOB KOMMOHEHTOB: OAMWH
MEHSIETC OYeHb Maslo Ha BPEMEHHbIX MacluTabax nopsaka
ThICSYENeTUA U JPYroi, KOTOPbIA MOXET MEHATLCA Ha Bpe-
MeHax nopsfgka CTONeTUS, WA [&Ke MHOI0 MEHbLUUX.
MepBast yacTb cOCTaBnseT okono 99,6% no obbeMy M coc-
TOUT U3 a30Ta, KWUCMOpoda, aproHa (U apyrux 61aropogHbIX
rasoB B CYLLECTBEHHO MeHbLUMX KOMMYecTBax) B NpPonopLmax
78:21:1.

3TN KOMMOHEHTbI AeCTBUTENLHO MEHAUCL B MPOMOp-
LMAX Ha BPEMeHHbIX MacliTabax nopsgka MWIMOHOB NeT B
TeyeHue uctopum 3emnu [2], 0COBEHHO KUCMOPOL, KOHLEHT-
paums KOTOPOro MeHsfnacb B Heckonbko pa3. Camoe
npucyTCTBME KUCNOpPOZa B aTMocepe Halleid nnaHeTbl
ABNSETCA CMEACTBMEM MOSBMEHWS XXM3HW HAa Hallell niaHeTe
M YCNOBMEM €e pasBuTUs, MO KpaiHeldl Mepe Ha cyLue.
Macca u coctaB aTMmoctepbl - pe3ynbTaT Ae/IMKATHOro
6anaHca Mexay BbleNeHVeM rasoB U3 Heap 3emnu, npouec-
COB Ha ee MOBEPXHOCTM, BKIOYas OKeaH, Auccunaumu
aTMoc(epbl B KOCMWUYECKOE MPOCTPaHCTBO U T.4. B pesynb-
Tate 3emns umeeT artmoctepy Maccoi 5,15.101° TOHH ¢
99,6% cocTaBa, KaK yKa3aHo BblLLe.

OctatoKk okKono 0,4% cocTtoMT B OCHOBHOM U3
BOASHOTO MNapa C KOHUeHTpauueir okono 3200 wmnH-1
(4acTeid Ha MUAIMOH MONEKYN BO3Ayxa NO 06bLEMY), ec/u
B3ATb [106a/IbHYI0 CPEHION KOHLEHTpaUMio BOASHOro napa,
COOTBETCTBYIOLLYHO CMOKD B 2 CM OCaX[EHHON BOAbI.
CnegyeT OTMETUTb, YTO BOAAHOW Map SABNSETCA OLHWUM U3
Hanbosiee nepemMeHHbIX B NMPOCTPAHCTBE Y BPEMEHW KOMIMOH-
eHTOB  aTmoctepbl  6narogaps  WM3MEHUMBOCTW  €ro
MCTOYHMKOB, (ha30BbIM MNepexofaMm W ocafkam. Ha nopsnok
MeHbLUE  KOHLEHTpauus Yyrnekucnoro rasa. 3TW  [JBa
KOMMOHEHTa - OCHOBHble Ma/lble MNPUMecKH, KOTOopble
006€eCneynBat0T OCHOBHYHO 4aCTb MAapHUKOBOro afeKTa.
LpyruMun cywecTBeHHbIMW MapHUKOBLIMK Fa3amu ABNSOTCA
metaH, CH,, 3akucb asota, M,O, Tponoc(epHbIi 030H W
XNopihTOPYrnepoAbl - (PeoHbl. Be3 Hamuma NapHUKOBbLIX
rasoB B aTMoctepe cpefHsAs Mo 3eMHOMY LUapy Temnepartypa
ee roBepxHocTU OBbina 6bl okono 255 K = -18°C, T.e. Ha
33°C wMeHblle, 4yem Ternepb. [loaTomMy 6€3 MNapHWUKOBbIX
rasoB >XXW3Hb Ha 3em/ie eABa /i1 6bi1a 6b1 BO3MOXKHa.

CyLLeCTBO NapHUKOBOro 3gpekTa COCTOMT B TOM, 4TO
3TN rasbl MOM/OLAT MEeHbLUYIO [0/ COMHEYHOro W3Ny-
YeHMs, YeM I3TO OHW [eNlaloT B OTHOLUEHWM TEnioBoro

M3Mly4eHMs1 3eMHO MOBEPXHOCTWM W camoii aTmocgepbl. B
pesynbTaTe YaCTb TEM/0BOW pajuaunu nepeusnyyaeTcs
Hasaj K NOBEPXHOCTW, TEM CaMbIM YBeIMYMBas KONYECTBO
3HEpruM, NpUXOAALLEA K TMOBEPXHOCTM, W HarpeBas ee
[OMONHUTESBHO.

Ha gpyrux nnaHetax COMHEYHOM CUCTEMbI, MMEHLLMX
aTtMmocdepbl, MapHUKOBLIA  3h(eKT Takke HabnogaeTcs.
Hanbonee pasuTenbHbIM NpUMepoM sBNseTcs BeHepa, ubs
atmoctepa npumMepHo B 100 pa3 Gonee MacCuBHa, Yem y
Hac, N CoCcToMT B OCHOBHOM 13 CO,. 3TO BbI3blBaeT aeKT
nopsgka 500 K Bmecto npumepHo 30 K y Hac. [dpyrum
[0CTAaTOYHO XOPOLLO M3yYeHHbIM NpUMepom sBnseTcs Mapc ¢
Maccoli aTmoctepHoro ctonba B 60 pa3 MeHblUe, YeM Y Hac,
HO MOCKOMbKY FNaBHbIA KOMMOHEHT ero aTtmoctepbl CHOBa
YINEKNCAbIA  Ta3, Pe3ynbTUPYHOLMIA MapHUKOBLIA  3(dekT
Heckonbko 6onblwe 10 K. Mapc Takke AaeT npumep Tak
Ha3blBAEMOr0 aHTUNAapHUKOBOro afekra, Korfga Temne-
patypa MOBEPXHOCTM MOXET OXNaguTbCa [0 Temmnepatyp,
HECKO/MIbKO HIKE, YeM Te, KOTOpble MOAy4YatoTcs M3 NPOCTbIX
OLEHOK MO GanaHcy Mexgy COMHEYHON paguaumein, aoc-
TUralweir  nnaHeTy, W TEPMUYECKON  pagmauuei,
M31y4aeMoii NNaHETON B KOCMUYECKOe NPOCTPaHCTBO.

Ha Mapce aHTMNapHUKOBbIA 3(h(eKT MMeeT MEecTo BO
BpeMS  MblfbHbIX  6Gypb, KOTOpble  MOryT  AOCTWraTb
rnobanbHbIX MacliTabos. [MbineBoil a3po30/ib  MOrFNoLWaeT
CO/THEYHYIO pafiMaumio nydile, Yem TEMNI0BYH, MOITOMY Npu

YMEHbLUEHHOM  KO/IMYECTBE  COJIHEYHOW  paguauum y
MOBEPXHOCTU W HEAOCTATOYHOM  KOMMYECTBE  TEM/OBOiA
paguaumun,  MepeusnydeHHOl  Hasag — atmoctepoin K
MOBEPXHOCTW,  MOCNEAHAS  OXNAXKAAeTCs 40 BE/UYMH

MeHbLUMX, YeM B 00bIUHbIX ycnoBusx. B cnyyae Mapca 3To
oxnaxaeHne Moxet pgocturatb 15-20 K no cpasHeHWO C
HopMoi [3,4]. 3TM npoueccbl nexar B OCHOBE SIBNIEHMS
SAEPHOM 3MMbI W, MOCKOMbKY WX CYLLHOCTb CTana 4eTko
MOHATHOM B Hadyase 70-X rOf4OB, OHW SBWUCL OTNPaBHON
TOUKOW 415 hOpMY/IMPOBKU rMNoTe3bl 0 A4epHOl 3uMe [5-8].

OBWIME  XAPAKTEPUCTUKWN NMAPHVKOBOIO
SOPEKTA N CBASAHHbLIE C HUMW HEOMPELE-
NEHHOCTW

KonunyectBa MPOMYLUEHHON COMHEYHOW W MOF/IOLLEHHOW
TEPMUYECKO pagmaLn 3aBUCAT OT CMEKTPasbHOro Moro-
LeHus B aTMoctepe. Mprpofa NOTIOLLEHNS 3aBUCUT OT rasa

* TeKCT feKuuMn, NpoumTaHHoOn Ha 42-in ceccum WcnonHutensHoro CoseTa BcemupHoit MeTeoponoruueckoii OpraHmsaumm B YKeHese
22 moHa 1990 r. Bonbluyt YacTb MaTepuana, W3MIOKEHHOrO 34€eCb, U C GOMbLUMMM [ETaIAMU YATaTeNb MOXET Haitu B [1] - mok-

nage | pa6oueii rpynnsl MMKW, Takke nossusLLeMcs B UtoHe 1990 .
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1 (hOPMUPYETCH CMEKTPATbHBIMU IMHUAMW U MOSIEKYIAPHBIMU
nonocamu, KOTopble MOryT ObITb HACBILWEHHBIMWU U HeHacbl-
LeHHbIMK. TlornowaTenbHas cnocobHOCTL 3aBUCUT Takxe OT
TemnepaTypbl, [aBfeHWs, MPUCYTCTBUA  [pYruX  rasos,
nepekpbITMA nonoc M T4. KonuyecTBeHHOE 3HAYeHWe 3TUX
OCHOBHbIX CBOICTB NOyYaeTcs NyTeM AAUTENbHbIX U LOPOruMX
NabopaToOpHbIX ~ M3MEPEHU U YWUCMEHHBIX  PACYeToB.
TOYHOCTb, C KOTOPOI M3BECTHbI BCE 3TV CBOWCTBA W 3aBUCK-
mocTu, nopsaka 10% nnu xyxe (cm. [1]).

Y 06HO Mepoit BEIMUMHBLI NAapHUKOBOTO 3diheKTa ABnse-
TCA W3MEHeHWe pafnaumMoHHOro 6anaHca TPOMocdepbl,
OCpeAHEHHOr0 MO NPOCTPaHCTBY (rnobasbHo) U BpemeHu (rog)
npu yfBoeHun KoHueHTpauun CO, B atmoctepe. O603HaUMM
3Ty BennunHy 6 (2CO,), unm npocto 8,. Eule HegasHO [9]
BClOdy ucnonb3osanocb 8, = 4.0 Bt/m2, 3arem [10]
pekomeHgosanock 8, = 4,62 Bt/m%, n B [1] (neto 1990 r.)
pekomeHayeTcs 8, = 4,35 BT/M?, KaK MOXHO BbIYWCINTL MO
JaHHbIM Tabnmubl 2.2 u3 [1]. Pasbpoc B 3TUX UuMppax
XOPOLLIO UNOCTPUPYET COCTOSIHME 3HAHWI B JaHHOM BOMpOCe.

Bce npuBefieHHble 3HaveHUA 8, BbIYMCNANUCL AN TaK
Ha3blBaEMbIX HOPMabHbLIX WAW CPEAHWX YCNOBWIA B OTHO-
LeHNN TemnepaTtypbl, [AaBfeHWs, COAEPXKaHUA BOAAHOrO
napa, MOJIEKYNAPHbIE MOSIOCbI KOTOPOro MepekpbIBaOTCA C
TakoBbiMW  ana  CO,. B felicTBUTENbHOCTM, BCE  3TW
napameTpbl 3aBWUCAT OT CE30Ha, reorpauyeckux KOOpAMHAT,
BEPTUKa/IbHbIX NPO(MNeli TEPMOANHAMUYECKNX NEPEMEHHbIX,
KonmuyecTBa 061akoB M T.n. Pabota no pacuyetam BeNNYUHBI
3, AN1A 3TUX Pa3HbIX YC/MOBUIA 1 MO ee nocneaytoLiemy ocpe-
AHEHMIO He npowssofunack. BenuuuHa 8, mpu 3TOM MOXET
MeHsTbCA B npegenax oT 2,5 pgo 6 B1/m2 [11,12]. Mpw
3TOM MOTYT BO3HMKaTb HeonpeaeneHHOCTH nopsaka 20%.

[Jpyrue napHUKOBbIe rasbl B OTHOLUEHUM MX MOTOLLAT-
eflbHbIX ~ CBOMCTB M 3aBUCUMMOCTE  MOCMefHWX  OT
BbllUeyKa3aHHbIX ~ NapaMeTpoB  MOMb30BAINCL  rOpasfo
MeHbLUMM BHUMaHVEM MCCNefoBaTenei, Yem yrnekncblil ras.
TwartenbHaa u o6wnpHas pabota fo/MkKHa BbITb NpoBeseHa B
3TOM HanpasfieHUW, MOCKO/bKY MX CYMMapHbIi MapHUKOBbINA
3((eKT NPaKTUYECKM TaKoi Xe, kak oT CO,.

BOMbLUOIA HayYHbIA 1 NPaKTUYECKWUIA MHTEPEC NpeacTas-
NSeT BOMPOC - Kak BefMYMHA MapHWKOBOro 3heKTa 3aBUCUT
OT KO/M4yecTBa AaHHOro rasa B armocepe. 310 onpenens-
eTca, B NepBYD O4epedb, MPUPOAOK MOr/OWEHNs B
WK-o6nactu cnektpa (getaim cm. B Tabnuue 2.2 u3 [1]).
[na  yrnekucnoro rasa OCHOBHOE TMOIJ/IOWEHME  AaeT
MOJIEKYNIpHasA nosoca € UeHTpoMm 15 MKm. 3Ta mosoca yxe
HacbllLeHa, T.e. Y)e npyu TenepewiHem cogepxaHun CO,
TEnnoBOe M3MyyeHne NONHOCTbIO MOr/IOWAETC aTMOCHEPOii B
LEHTPa/IbHbIX 4acTaX nonockl. Jllobble AobasneHns CO, B
aTMoc(epy YBEIMUMBAKOT MOT/OLLEHMe, 8, NNLWb B KPbUIbAX
3TOl NOAOCHl. 3ro NPUBOAUT K NOraputMUYECKOl 3aBUCK-
MOCTW NOr/oLeHns oT KoHueHTpauun C: 8 a 1nC.

Ona meTtaHa M 3akucu asoTta cutyauma apyrasa. Mx
KOHLeHTpauMmM Ha fBa WAM TPWU MOPAAKA MeHblUe, Yem Yy
CO,, 1 Mo3TOMYy WX OCHOBHbIE MOrNOLWaTe/IbHbIE MOMOCh
HEHACbILEHbl, HO /AWHWW B 3TWX MOM0CaX HaCbILWEHBI.
MosTomy yBenmyeHue KoHueHTpauuu CH, n X,0 Beget K
3amnofiHeHNI0 NPOMEXYTKOB MEXAy NuHMAMW B nonoce. B
pesynbTate 8 a C1/2,

HakoHel, (peoHbl M 030H B Tpornocgepe ob6nagatoT
OCHOBHbIMW NIMHUAMYU MOFMIOLLEHNS B OKHE Npo3payHocTu 8-
12 MKM. JIMHUX He HacblleHbl M NO3TOMY BelunyMHa 8
MPAMO MPOMOPLMOHaNIbHA UX KOHLEHTpaumam. B pesynbrate
3TW KOMMOHEHTbl Haubonee 3MeKTUBHbI B MOMMOLLEHUN
TennoBoW pagvauun. B pacuete Ha OfHY MOeKyny AaHHble
rasbl NPUMeEPHO Ha Tpu nopsgka 6onee 3HEKTUBHLI, YeM
MeTaH, KOTOpbIiA, B CBOKO O4yepedb, npumepHo B 20 pa3 6onee
3(hpeKTMBEH, YeM Monekyna (AOMONHWUTENbHAA) YrIeKNCIoro
rasa B aTMocdgepe.

MN3MEHEHWA BO BPEMEHW PA3/TMYHbLIX TMAPHW-
KOBbIX T'A30B

B povHAycTpuanbHyt0 3roxy /obble WU3MeHeHWs cocTasa
aTMmociepbl 6blIM  OYeHb MEANEHHbIMA MO  CPaBHEHUIO C
TakoBbIMW 3a MOCNeAHee CTOfleTe WM ABa. Becbma TOYHble
WHCTPYMeHTa/IbHble PEKOHCTPYKUMKM cocTaBa aTtmoctepbl B
OTHOLLEHUN YTNEKUCNOro rasa U MeTaHa Oblfn BbIMOMHEHbI
HefaBHO rpynnoi  paHLy3CKUX W COBETCKUX Y4eHbIX
[13,14], KoTOpble MpoaHa/IM3NPOBa/IM  COCTaB  My3blPLKOB
BO34yXa flefiiHbIX KEepHOB CO CTaHuuuM BOCTOK, MMeroLmx
Bo3pacT Ao 160 Tbicay net (Kn). Orv faHHble NoKasbiBatoT
OYeHb TeCHyl Koppensuuio cogepxaHus CO, m CH, c
TeMMepaTypHbIMU  BapuauuaMu: B MpefblayLnii- uHTepri-
auman v B HblHelHWIA KoHUeHTpauun CO, 6binv B npegenax
280-300 mnH-!, a B nepuog MakcumyMma onefeHeHus (18
Kn) oHu 6binin B npegenax 180-200 mnH-1. MpumepHO
BLBOE Pa3HATCH COOTBETCTBYHOLUME LUWdpbl And MeTaHa - 700
n 350 mnapa-l gna TenabiX M XONOAHbIX MepuofoB. He
roBops NpPAMO HaM, 4TO ABASETCA MPUUMHOW Yero U Kakosa
YYBCTBUTENIbHOCTb  KIMMAaTa Ha BPEMEHHbIX MacluTabax
nopsgka TbicAY f1eT (& Mbl WHTepecyemcs BpeMeHHbIMU
MacliTabamMu MopsAka  LecATWNeTUiA), TecHas Koppenauus
MeXJy CpeaHeli TemmepaTypoil MOBEPXHOCTW W KOHLEHT-
pauveii NapHWKOBbLIX ra3oB B aTMoc(iepe BHE BCAKOrO
COMHEeHMUS.

OuyeHb MeANeHHbIE BapuaLMn  KOHLEHTpauuidi  MabixX
npumMeceii aTMOC(epbl 03HAYa0T, YTO UCTOUHWUKU U CTOKU A5l
3TMX Tra30B O4YeHb XOpOoLWoOo 6GanaHcupyloT [Jpyr gpyra.
opas3go 6onee ObICTpble BapuMauymn, a UMEHHO, YBeNnYeHue
KOHUEHTpauuii B aTmoctepe MHOMMX ManbiX MNpUMeceit 3a
nocnefHve AecATUNEeTUs, 03Ha4aloT, YTO eCTECTBEHHbIE CTOKM
ONA [JaHHOTO rasa He MOryT CrpaBWTbCA C YCWUMBLLUMMMUCA
MCTOYHMKAMN W HaKOM/eHWe 3TWX ra3oB B armocdepe u
03HaYaeT POCT WX KOHUeHTpauuu. TlOHATb W3MEHeHWs B
MHTEHCMBHOCTSX UCTOYHWMKOB U CTOKOB - SIBASETCA OAHON M3
rNaBHbIX 3aga4  MexayHapogHoli  reocqepHo-6rochepHoit
nporpammsl, wnn porpaMmbl  F106abHbLIX  M3MEHEHWIA.
OueHUTb 1 NpescKas3aTb aHTPOMOreHHYH YacTb UCTOYHUKOB -
3TO OTHOCWTE/IbHO XOPOLUO MOCTaBleHHas 3ajaya, KoTopast
TpebyeT MHBEHTapM3aLMN UCTOYHUKOB, CBA3aHHbIX C AeATeNb-
HOCTbIO YeNoBeKa, T.e. MPOU3BOACTBO 3a O, BPeMs XpaHeHui
1 Bpems yrnoTpebnieHns NpoaykTa u T.4. EcTecTBeHHas 4acTb
MCTOYHMKA W BCE CTOKW, KOTOPble BCE HATypasibHOro
NPOUCXOXAEHNS, SABNAIOT CO60M Hambonee TPYAHYHO 4acTb
npo6nembl, MOCKOMbKY OHW  TPebYIT 3HaHWS  MHOTUX
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(PM3NYECKMX, XMMUYECKMX, OMOMOrMYecknX MpoLeccoB B
aTmoctepe 1M Ha 3eMHOI NOBEPXHOCTW, B MOYBE, Ha rpaHuLe
pasgena atMocdepa-oKeaH, BHYTPU OkeaHa U T.4. BonbLunH-
CTBO W3 3TUX MPOLECCOB W3BECTHbI NULLIb OYEHb XyAO U
MHOTME M3 HUX OXWAAKT CBOEr0 YTOUHEHUS, WU [aXxe
OTKpbITUS.

Bce paccmaTpuBaemble Masble MPUMECU  BbISIBASHOT,
MOMUMO TPEHAOB, cneuudmnyeckue pacnpeseneHns ¢ LMpPOTow
M BbICOTO, KOTOPble, B CBOK O4epefp, ONpeaenstoTCcs
NOKanu3aumein B NPOCTPAHCTBE U BPEMEHW WCTOYHUKOB W
CTOKOB. MOHUTOPUHI 3TUX rasoB W3 KOCMOCa, C camosieTa U
Ha Ha3eMHbIX 6a30BbIX CTaHLUMAX abCOMOTHO HeOOXo4UM Ans
ONUCaHMa 1 MOHWMaHWA MNPo6eMbl UCTOYHWUKOB U CTOKOB,
BPEMEHM KM3HM MOMeKyn rasa B aTMmocdepe, ero
nepemMeLLMBaHUA M WX peakuuili BHYTpW aTmoctepbl M Ha
3eMHOV NOBEPXHOCTW. Be3 MoHMMaHWA BCex 3TMX MpOLEeccoB
W SBNEHWA Mbl He CMOXEM Ha[eXHO MNpeacKasbiBaTh
Oydylime KOHLEHTpauMu 3TWX Tras3oB W, ClefoBaTesbHo,
Oyaywmin - kammat. Tenepb 06CYAMM  OCHOBHble  Masible
NPYMECK U COCTOSIHWE HalLero MOHUMaHUS 3TUX rasos.

BogsaHol nap

BogsHo/i map - rnaBHbIA MAapHUKOBbIA a3 ecTeCTBEHHOrO
NpoucxXoxaeHus. J1obble JOMONHEHWA K ero COAepXKaHuto B
atmocthepe  Gnarofaps,  CKaxem,  60OMbLUIMM  HOBbIM
BOZOXPaHWMLLAM, CYLLECTBEHHbI, B Jy4llem C/yyae, Ha
peruoHanbHOM YpOBHe, OfHaK0 WX BKMaf B rN06asbHYH0
BE/IMUMHY BecbMa Masl. OCHOBHOIM MUCTOYHUK Bfiar B aTMoc-
(hepe - McnapeHWe ¢ MOBEPXHOCTY OKeaHa, 3aTeM - UCMapeHune
C MoYB, 0COBEHHO NyTEM 3Ba/IOTPAHCIIMPALMK, YTO BINSET Ha
pervioHasibHble COAepXaHWs BOAAHOIO nNapa W OCafKW.
CpegHernobanbHoe cofepXxaHue BOAAHOIO Mapa OKono 2
r/cm2 (3200 MAH-1)» HO NIOKaNbHO OHO CU/IbHO M3MEHSIETCA B
NPOCTPaHCTBE U BpeMeHW. CpefHee BPeMs XXU3HU MONEKY bl
H,O B aTmocdepe oueHuBaeTcsa B 10 gHeid.

bnarogaps ypasHeHuto KnanelipoHa-Knay3snyca, uem
Tennee aTMocepa, Tem 6ofblle Mapa  OHa  MOXeT
cofiepatb. JTO OnNpefenseT OCHOBHYIO MOJIOXUTE/bHYIO
06paTHYt0 CBA3b B KNMMATUYECKO CrCTeMe, MPUMEPHO YABa-
nBas 3(eKT BTOPOro Mo 3HaYeHWO NapHUKOBOIO rasa B
atMocthepe - yrnekucnoro rasa. bnarogaps  60/bLuoi
M3MEHYMBOCTM BOASHOrO Napa B aTMoC(iepe He CyLlecTByeT
CUCTEMATUYECKOTO MOHUTOPUHIA ero  CoAepXaHwsi, udTo
Xa/IKO, MOCKOMbKY WHaye Mbl CMOFAM Obl MOHATL MHOrMe
BaXKHble OCOGEHHOCTM Halleil KAMMaTUYeCKOW CUCTEMbI.
OC06€eHHO BaXXHO 3TO MOT/I0 6bl OKa3aTbCs ANa CTpaTocdeps,
rae BOAAHON nap BCTynaeT BO MHOTVE BaXKHble XUMUYECKME
peakuym, cBs3aHHble C MeTaHOM, 030HOM U APYTrUMK Cy6CTaH-
umamn. OH TaKkKe SBASETCS WCTOYHUKOM 06pa3oBaHuMs
pagvkana rugpokcuna, OH, rnaBHOr0 OYMCTHOrO areHTa
aTMocdepbl. HekoTopble OTAe/NbHbIE U3MEPEHUSA LAtOT OCHOB-
aHMs MpeanofioXMTb, YTO KOAMYECTBO BOAAHOrO napa B
cTpatocthepe MOrno 3a MocfiefHue LecaTb fIET YBEIMUUTLCA
npumepHo Ha 30%, OAHaKo 3TW pe3ynbTaThbl, 6narogapsa ux
B&XKHOCTW [/ XUMUW CTPATOCHepPbl, HYXAAOTCA B CUCTEMa-
TUYECKUX TMOLTBEPKAEHWAX, T.e. B MOHUTOPUHre. 3T0

yBefMyeHne Moro 6bl AaTb HECKO/IbKO NPOLEHTOB B YBENY-
eHvie pocTa TemmnepaTypbl 3a MNOCNEAHIOK AeKaay.

CO CMEeKTPOCKOMUYECKON TOUKM 3peHMs MpobieMa KOHT-
MHYyMa MOr/OWeHNst B OKHe npo3payHocTu 8-13 MKM BCe
elle 0XuaaeT YTOYHEHWUS B 3aBUCMMOCTM OT TeMMepaTypbl,
faBneHns 1 KoHueHTpauun H,O. TlockosbKy — MOXHO
0Xngatb, YTOo B 6osee TENAOM KaMMmate KOHTUHYym OygeT
CUNbHee, 3TO [aeT elwe OfHY MOMOXUTENbHY 06paTHYHO
CBA3b B KNMMAaTNYECKOW CUCTEME.

Yrnekucnblii ras

[ByoKucb yrnepoja - ocHoBa OTOCKMHTE3a U 6e3 HEro XW3Hb
He cyllecTBoBala Obl Ha 3em/e. JTOT ra3 NpeHebpexxrmMo
Masio MOr/IOLWAeT COMHEYHYIO pafMaumio U OYeHb CW/ILHO -
TEN/IOBYKO pajmalmio, B OCHOBHOM B nofioce 13-17 MKM.
TOYHOCTb HalLero 3HaHUsA MOrOLLEHMA Gblia OnMcaHa BblLLe.
B HacToauwee Bpema CO, pgaeT okono 55% CymmapHOro
acheKTa BCEX MapHMKOBBIX Fas30B, eCM UCKHUNTL BOAAHON
nap. Fogosoit notok CO, Mexay aTtmoctepoit u 6uocdepoii
oLeHuBaeTcs B 17% OT MOSIHOrO €ro cofepXaHus B aTMo-
cthepe, a mexgy aTtmocepoii U okeaHoM - B 12%. Bpewms
XU3HU Monekynbl CO, nopafka NATW NIET, HO, YuuTblBast
B3aVIMOLENCTBME C OKeaHOM W ero 4HOM, 3TO Bpems BO3pacT-
aeT o 150 netr [1]. WHTEHCMBHOCTb aHTPOMOFEHHOrO
nctouHrka CO, nopsgka 0,8% B rog, U3 uero nopsaka
20% 06A3aHO  BMOMOTMYECKUM  UCTOYHMKAM  (CXUraHue
6vomacchbl, 06e3necuBaHue, gerpajauus rymyca u T.n.).
bonee TouHOe onpefeneHe UHTEHCUMBHOCTU 6UOMOTMYECKOro
NCTOYHMKA OXKMAAET CBOEr0 OCYLLECTB/IEHMS.

PerynspHble usmepeHus KoHueHTpauun CO, Hauanmch B
1958 r. Ha MayHa J10a, 0. ["aBaiin1, 3aTeM OHM GbIAN AOMOJH-
eHbl cTaHuuamn Ha KOxHom nontoce, Camoa, Mbice bappoy, Ha
Anscke n pagom gpyrux. B 1980 r. perynspHble M3MepeHus
Hadamcb Ha o3epe Mcebik-Kynb B Knprusum [15]. Bce atn
JaHHble BbISABNAOT MOCTOAHHOE YBeNUYeHue CpefHerofoBbiX
3HaYeHWid NpnbnnamTensHO Ha 0,5% B rog MdaHHble KOXHOro
nontoca 3anasAbiBaloT Mo ypoBHO CO, MO CpaBHEHWO C
MayHa J1oa npuMepHO Ha OAuH roj. Bce cTaHumu nNpossasoT
CE30HHbIA X0A, KOTOpbIi MakcuManeH - cBbille 20 MaH! - gns
BHYTPUKOHTUHEHTa/IbHbIX CTaHUMiA cpegHux wmpoT (McebIk-
Ky/b) 1 HEBENWK - MULLb HECKONMBKO MAH' - Ans cTaHuuM Ha
Tponuyeckom 0. Camoa ¥ Ha HOXHOM Montoce W NS BCEro
HOXKHOT0 MOJyLlapns, NOCKO/IbKY OHO B OCHOBHOM - OKeaH.
MaKcuMyM KOHLEHTPaLMU HabNto4aeTcs B KOHLE 3UMbl-Havane
BECHbI, @ MVHMMYM - B KOHLIE fleTa-Hayasie 0CeHU. 3ro CBA3aHO
C ycuneHveMm 61ONOrMYecKon akTUBHOCTM B TEMbliA Nnepuog,
YTO BefET K YBENMYEHWIO UCMOMb30BaHUA [ABYOKMCHK yriiepoja
pacteHnsmu. OB630p CE30HHO-LUMPOTHOrO  pacnpeseneHns
CO, B rnobanbHOM MacLUuTabe MOXHO HaiiTh B [16].

WHorga cnpawmBalot, 4to eciv notoku CO, mexay
aTtMoctepoil, okeaHOM W OMOCHEPOli, W3BECTHbIE /MWb C
TOYHOCTHIO nopsgka 10%, noutn Ha ABa nopsigka 6osbLue,
uem notokn CO, OT CXKMraHWs KMcKonaemoro Tonnuea (6onee
WU MeHee XOPOLUO YCTaHOB/EHHbIE MYyTeM WHBEHTapK3aLmu),
TO MOYEMY Mbl YBEPEHbI, UTO yBennueHne cofepxanuns CO, B
aTMoceepe BbI3BaHO MMEHbIO IEATENIbHOCTLIO YerloBeka?
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