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FOREWORD 

The themes selected for the scientific lectures presented during the forty-sixth session of the Executive Council related to 
three different but very related areas. The lectures were presented by the following three distinguished scientists: 

Professor I. Shiklomanov (Russian Federation)- Hydrological cycle 

Professor P. Morel (WMO Secretariat)- Global Energy and Water Cycle Experiment (GEWEX) 

Mr M. D. Eilts (United States)- Very short-term weather forecasting 

The three presentations raised a great deal of interest in the Executive Council and were followed by lively 
discussions. Sincere thanks were expressed to the lecturers for their valuable contributions. 

-- (G. 0. P. Obasi) 
Secretary-General · 





GLOBAL ENERGY AND WATER CYCLE EXPERIMENT (GEWEX) 

P. Morel 

World Meteorological Organization 
Geneva, Switzerland 

FAST AND SLOW CLIMATE PROCESSES 

It is convenient to distinguish, in the working of the 
coupled atmosphere-ocean-ice and land surface system, 
"fast" and "slow" climate processes. The fast processes, 
taking place mainly in the atmosphere and at the Earth 
surface, regulate the flow and transformation of energy, 
radiation and heat as well as the global hydrological cycle. 
The study of these fast processes, i.e. the transfer of 
radiation through the atmosphere, the role of clouds, and 
near-surface hydrological processes, is the task of the 
Global Energy and Water Cycle Experiment (GEWEX). 

The slow climate processes, on the other hand, are 
those which involve changes in the ocean or ice. These 
slower processes are responsible for considerable transport 
of heat and salinity from one region to another and largely 
determine natural climate variability. Ocean and ice 
dynamics are also essential in fixing the rate of change of 
global climate and regional differences in the climate 
response to an otherwise homogeneous increase in 
greenhouse gases. These phenomena, involving in an 
essential way the role of the ocean in climate, are the object 
of the CLIVAR programme within the World Climate 
Research Programme (WCRP) (Figure 1). 

CLIMATE SCIENCE VERSUS WEATHER 
PREDICTION 

The atmospheric and surface processes investigated 
by GEWEX are generally associated with weather 
phenomena and meteorological time-scales. Nevertheless, 
GEWEX research is very relevant to the study of "global 
change" and an essential component of any climate 
science programme. The reason is that the fast climate 
processes, the adjustments of atmospheric water vapour 
and clouds, atmospheric radiation and rain, soil moisture 
and evaporation, control the planet's radiation balance, 
surface conditions and climate regime. These processes 
determine: 
(a) The sensitivity of the Earth (equilibrium) climate to 

changes in external parameters, e.g. the global 
warming that would result from a persistent doubling 
of the concentration of carbon dioxide; 

(b) The response of the atmospheric circulation to 
changes in surface boundary conditions and 
corresponding changes in surface fluxes of radiation, 
water, and heat, i.e. the strength of the atmospheric 
feedback on the slower components of the physical 
climate system. 

On the other hand, the GEWEX programme is 
certainly germane to the development of numerical weather 
prediction (NWP), because extending the range of forecasts 
beyond a few days requires increasingly accurate 
formulations or "parameterizations" of physical processes 

in the atmosphere and the Earth surface; GEWEX delivers 
the required micro-meteorological insight (from special 
field or microscale model studies) and research-quality 
global climatological datasets for the validation of model 
results. Conversely, GEWEX and WCRP in general are 
heavily dependent on the support and further progress of 
operational NWP and four-dimensional data assimilation. 
Modern data assimilation systems provide by far the best 
approach for inferring the value of essential global climate 
quantities, such as wind stress or surface fluxes of sensible 
and latent heat, that cannot be determined directly from 
sparse observations. 

COOPERATION WITH SPACE RESEARCH 
AGENCIES 

A scientific research programme obviously does not 
command the level of resources that are necessary to 
undertake new space system development. Thus, GEWEX 
cooperates with national and multinational space research 
and development agencies in order to gain recognition for 
the objectives and methods of climate science and 
meteorology in general. In particular, GEWEX has 
campaigned to convince space agencies that understanding 
the Earth system can only result from the synergistic 
combination of a multiplicity of data sources, including a 
mix of surface-based observations and satellite remote 
sensing. In particular, no single satellite instrument delivers 
precisely the information needed for climate diagnostics, 
and the best determination of geophysical fields must come 
from a complex analysis and merging process, known as 
four-dimensional data assimilation, making full use of past 
observations and of the laws of physics embedded in the 
meteorologists' models of the atmosphere and climate. The 
current polar platform projects under development by the 
National Aeronautics and Space Administration (NASA) of 
the United States, the European Space Agency (ESA) and 
the National Space Development Agency (NASDA) of 
Japan feature multiple instruments that do aim to acquire 
synergistic simultaneous data on atmospheric properties. 
Furthermore, these plans include substantial resources to 
develop considerably more advanced instruments 
(especially, atmospheric temperature and moisture 
sounders) that will eventually replace the existing sensors 
on todays' operational meteorological satellites. 

Despite the bewildering array of "innovative" 
satellite instruments planned or actually being built by the 
world space agencies, there is as yet no definite plan to 
observe from space the three-dimensional distribution of 
clouds and its changes in the course of climatic fluctua­
tions; such observations can only be made by a space-borne 
millimeter-wave cloud radar that is still missing from the 
list of planned instruments and satellite missions. GEWEX 
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is now concentrating its efforts on the definition of this 
future cloud radar mission (Figure 2) and the constitution of 
a supportive community of scientific users. 

GEWEX CLIMATOLOGICAL DATASETS 

An essential task of GEWEX is to develop adequate 
diagnostic datasets to serve as a basis for the study of 
global energy budgets and the hydrological cycle in the 
current climate, and to assist in the further improvement of 
atmospheric circulation and climate models. As noted 
above, many of the potentially-observable atmospheric and 
surface properties will only come under systematic global 
observation at the end of the century, with the deployment 
of the new generation of research Earth observation 
satellites being developed by NASA, ESA and NASDA. 
Thus, the GEWEX climatological data projects undertaken 
so far have an experimental character and are active 
research projects that leave considerable scope for further 
improvements, as our understanding of natural phenomena 
and retrieval algorithms progresses. Through its various 
climatological data projects, GEWEX organized the 
systematic production, archival and distribution of the 
datasets listed below, provided a cooperative framework for 
the validation and multidisciplinary applications of these 
products, encouraged continuing improvements in retrieval 
algorithms, and organized re-analyses of archived data, as 
appropriate. This work of GEWEX also constitutes a pilot 
programme for the eventual analysis and assimilation of the 
much larger data outputs one expects from the forthcoming 
generation of "Earth observing platforms" in space. 

The GEWEX climatological data projects are the 
following: 

Radiation at the top of the atmosphere (TOA) 

The NASA Langley Research Center (Hampton, Virginia, 
USA) has taken responsibility for delivering the radiation 
fluxes at the top of the atmosphere obtained from the Earth 
Radiation Budget Experiment (ERBE). International 
coordination is needed to organize a consistent central 
archive for similar data from the forthcoming Scanner for 
Earth's Radiative Bduget (ScaRaB) instruments (Russian­
French Meteor-3, European ENVISAT and METOP 
satellites) and CERES radiometers (Japan-USA TRMM, 
NASA EOS AM and PM platforms). 

Surface radiation budget 

The Langley Research Center also accepted responsibility 
for assembling a systematic climatology of short-wave and 
long-wave radiation fluxes at the surface of the Earth, based 
on input information from the GEWEX International 
Satellite Cloud Climatology Projects (ISCCP) (see below) 
for cloud and surface optical properties, as well as 
meteorological satellite retrievals and operational analyses 
for atmospheric properties. The Langley Research Center 
has issued the first WCRP Surface Radiation Budget Global 
Dataset on CD-ROM for the period March 1985-December 
1988 (short wave only). 

Cloud amount and radiation properties 

The GEWEX ISCCP completed its tenth year of operation 
on 1 July 1993. The ISCCP acquires and calibrates imaging 

radiometer data from (normally) four operational 
geostationary and one (or two) polar orbiting operational 
meteorological satellites, with a sampling period of three 
hours. ISCCP thereby constitutes an essential source of 
quality-controlled radiance data for the retrieval of cloud 
amount and optical properties (inasmuch as these can be 
determined from observations at the top of the atmosphere 
only) and the estimation of other radiation quantities (see 
above). The ISCCP has undertaken to recalibrate its basic 
radiance data archive and will reprocess the full 10-year 
period with an improved cloud-retrieval scheme, notably 
for polar clouds. 

Water vapour 

The GEWEX Water Vapour (GVaP) project has undertaken 
combining data from several satellite sensors with available 
upper-air soundings in order to deduce a more exact 
climatological description of global atmospheric water 
vapour, an essential input for radiation balance com­
putations, and a sensitive test for climate models. 

Global rainfall 

The GEWEX Global Precipitation Climatology Project 
(GPCP) is aiming to provide the best possible global 
estimate of monthly-mean, area-averaged (2.5° x 2.5°) 
precipitation that can be inferred from indirect satellite 
observations and raingauge data, over the oceans as well as 
over land. The project is under way since 1986, but only 
incomplete products have been distributed so far: 
(a) A tropical precipitation product, based on the 

statistics of cold cloud tops associated with strong 
convective cells, deduced from geostationary satellite 
infrared image data collected every three hours 
worldwide (GOES-East and West, Meteosat, GMS); 

(b) A continental rainfall products based on raingauge 
data only, collected and analysed by the Global 
Precipitation Climatology Centre created and 
maintained by the Deutscher Wetterdienst, Germany 
at the request ofWCRPl. 

The project, led by a new manager (Dr A. Gruber 
of NOAAJNESDIS), is now striving to develop an interim 
"optimal" estimation procedure based on combining 
passive-microwave and infrared radiometry data from 
satellites, raingauge measurements and numerical weather 
prediction products. Since all remote-sensing methods are 
indirect, it appears likely that satellite data provide a 
reliable indication of global precipitation patterns, but that 
precipitation amounts could best be inferred using state-of­
the-art weather prediction systems. 

Global land surface climatology dataset 

The International Satellite Land Surface Climatology 
Project (ISLSCP) has undertaken to distribute its first 
multidisciplinary global dataset on CD-ROM, including a 
characterization of land surface optical and physical 
properties, land use, precipitation, cloud and surface 

1 The essentially operational activity of the Global Precipitation 

Climatology Centre (GPCC) will become a ~ontributiou of Germany to 

the Global Climate Observing System (GCOS). 



radiation on a 1 o x 1 o grid covering all continents (inter­
polated from the 2.5° x 2.5° grid of the basic WCRP 
products above). 

Global Soil Wetness Data Project 

"Soil moisture" is not a uniquely defined physical quantity 
but rather a parameter introduced in the formulation of 
individual models representing soil water storage, evapo­
ration and surface hydrological processes. Nevertheless, 
GEWEX will undertake to produce a standard soil wetness 
index that could serve for simple scientific studies and 
large-scale climatological applications. This product will be 
based on a particular one-dimensional soil-vegetation­
atmosphere transfer scheme and input data from the GPCP 
raingauge climatology, the WCRP surface radiation budget 
climatology and operational near-surface meteorological 
fields. 

PREDICTION OF HYDROMETEORS AND 
HYDROLOGICAL PROCESSES 

GEWEX was originally given the task to develop the 
ability to predict the variations of global and regional 
hydrological processes and water resources, and their 
response to environmental change. 

It has been known for some time, from observa­
tional evidence and also from model results, that soil 
moisture anomalies tend to perpetuate themselves and, 
therefore, have a "memory" that can be exploited for 
predicting rain/drought anomalies over a period of one to 
several months, especially during summer. The spectacular 
variations in the hydrological regime of the Central Plain of 
the United States that occurred during the recent summers 
are typical manifestations of such persistent anomalies. 

Recent results in dynamical extended-range 
forecasts over North America indicate definite skill in 
predicting rainfall one month in advance. Since such events 
involve considerable recycling of water within the region (re­
evaporation and subsequent rainfall downstream), it was not 
unexpected that predictive skill could be achieved only with 
an improved formulation of hydrological processes. This was 
achieved with a new interactive scheme, developed by 
Mr A. Betts, that links· soil moisture storage, evaporation and 
runoff to atmospheric properties and radiation fluxes. 

The central objective of the GEWEX Continental­
scale International Project (GCIP) is specifically to address 
this problem and to provide the validation data needed for 
making progress in quantitative predictions of coupled 
atmospheric and hydrological phenomena. GCIP covers the 
Mississippi river basin, an area large enough to be directly 
comparable to global model products over an ensemble of 
grid points, and yet small enough to allow intensive 
observations of soil properties, precipitation, water storage 
and runoff (Figure 3). Although the ultimate objective of 
GEWEX is to refine the parameterization of land surface 
processes in global climate models, this task will be greatly 
facilitated in the case of GCIP by the possibility to test 
these schemes in fine mesh limited area models, that can 
reproduce the day-to-day variations of hydrometeors and 
surface hydrological processes with considerable detail and 
lend themselves to the four-dimensional assimilation of 
observed meteorological and, eventually, hydrological data. 

3 

GCIP is also the main WCRP project for promoting the 
collaboration between atmospheric and hydrological 
scientists interested in developing interactive models of 
atmospheric and "macroscale" hydrological processes, to 
predict intraseasonal rainfall variations, and to assess the 
impact of climate change on region.al water resources. 

GEWEX PROCESS STUDIES 

It was originally stated that GEWEX would model the 
global hydrological cycle and its impact on the atmosphere 
and ocean. This term of reference is rather broad and 
GEWEX has concentrated instead on improving the 
knowledge and parametric formulations of the physical 
processes that directly influence energy fluxes and the 
hydrological cycle, e.g.: 
(a) Atmospheric radiation transfer (in cooperation with 

the atmospheric radiation measurement programme 
of the United States Department of Energy); 

(b) Cloud dynamics and optical properties (GEWEX 
Cloud-System Study; ISCCP field experiments); 

(c) Atmospheric boundary layer and land surface 
processes (HAPEX and similar combined atmos­
pheric and hydrological field studies) (Figure 4). 

A large and scientifically challenging component 
of GEWEX is a broad and diverse programme of regional 
field studies to investigate these processes under various 
terrain and climatic condition. The most comprehensive 
regional GEWEX projects are described below. 

MacKenzie GEWEX Study (MAGS) 

MAGS is the central piece of the Canadian GEWEX 
programme. The focus of the programme is to model the 
water and energy balances of the Canadian Arctic basin on 
spatial scales of 100 kilometres and temporal scales of one 
month, and to assess. the changes in Canadian water 
resources arising from climatic variability and climate 
change. MAGS will organize coordinated hydrological 
modelling and process studies in the MacKenzie river 
basin, building upon Canadian expertise in cold regions and 
high latitude climate. 

Baltic Sea Experiment (BALTEX) 

BALTEX is an initiative of Germany and nordic countries 
to determine the energy and water budgets of the entire 
region covered by the Baltic Sea and surrounding river 
basins, and to investigate the response of the Baltic Sea to 
changes in freshwater budgets. Toe BALTEX domain 
covers an area of about 2 million square kilometres and 
discharges about 350 km3 of water into the world ocean, 
i.e. about half as much as the Mississippi river. The key 
scientific issues in BALTEX is coupling the atmospheric 
circulation to hydrological processes over relatively 
complicated terrain; sea and ice. It is envisaged that the 
BALTEX intensive study period will extend over a five­
year period (1997-2001). 

GEWEX Asian Monsoon Experiment (GAME) 

GAME is a broad multidisciplinary programme being 
developed by Japan, China and other Asian countries for: 
(a) Long-term monitoring of surface energy and water 

fluxes at a large number of sites over a variety of 
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terrains, by means of a network of Automated 
Weather Stations (AWSs) being deployed for a period 
of at least 10 years. The network will cover tropical 
rain forests in Borneo and Malaysia, the monsoon 
region of China, several arid or semi-arid regions 
(China, Mongolia, Central Asia and Siberia) and the 
Tibetan plateau; 

(b) Intensive field studies of atmospheric and hydrological 
processes, over various sites including the Chao Praya 
river and the Huai He river basins in China, and an 
experimental area on the Tibetan plateau; 

(c) Estimation of energy and water budgets over the 
eastern half of the Eurasian continent, based on four­
dimensional data assimilation and initialization of a 
limited area model by the Japan Meteorological 
Agency. 

Large-scale Study of the Atmospheric Moisture Balance 
of Amazonia using Data Assimilation (LAMBADA) 

LAMBADA is intended to augment the upper-air sounding 
and surface meteorological/hydrological measurement 
networks within the Amazon basin for a period of one-to­
two years, in order to provide the basic data for the analysis 
of the atmospheric circulation, water transport and water 
recirculation in the region. LAMBADA will be 

FAST CLIMATE PROCESSES 
0 RADIATION 

0 CLOUD 

~· 
0 RAIN and EVAPORATION 

E 
0 LAND SURFACE PROCESSES 

0 NUMERICAL WEATHER and 
C!) HYDROLOGY PREDICTION 

complemented by an intensive programme of micro­
meteorological, bio-geochemical and ecological studies 
over six experimental areas located in different ecoclimatic 
regions of the Amazon basin. 

GEWEX AND GLOBAL CHANGE RESEARCH 

Altogether, GEWEX is a central component of WCRP that 
interacts with many disciplines in Earth system sciences. 
Determining surface fluxes of radiation, heat and water over 
the ocean and ice, and their responses to changes in surface or 
bulk forcing of the atmosphere, is indispensable to the study 
of the Arctic climate system (ACSYS) or the variability and 
predictability of the coupled ocean-atmosphere system 
(CLIVAR). GEWEX also provides the foundation for the 
study of biogeochemical cycles, as soil moisture, rainfall and 
radiation are important factors that influence biogeochemical 
processes as well as biological-ecological developments. This 
strategic role is the reason for the multiplicity of 
interdisciplinary linkages established between GEWEX and 
related programmes in hydrological sciences, atmospheric 
and soil chemistry, and terrestrial ecosystems. GEWEX is 
also a scientific programme of considerable practical 
importance for application to the assessment of climate 
impacts on water resources and the prediction of variations in 
the hydrological regime of large continental regions. 

OCEAN BASIN DYNAMICS 
(Including ENSO) 

o WORLD OCEAN CIRCULATION 

o SEA and LAND ICE 

o COUPLED ATMOSPHERE-OCEAN-ICE 
MODELLING 

SLOW CLIMATE PROCESSES 

Figure 1 -Structure of WCRP thematic programmes for studying "fast" and "slow" climate processes. 



SPACEBORNE CLOUD RADAR 
SYSTEM DESIGN CONCEPT 

• NADIR-LOOKING 95 GHz PROFILING RADAR TO MEASURE CLOUD 

REFLECTIVITY 

• DETERMINE REFLECTIVITY vs. HEIGHT BY SHORT-PULSE 
RADAR RANGING 

• CLOUD BASE HEIGHT 
• CLOUD LAYER THICKNESS 
• MULTIPLE LA YEA DETECTION 
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• MULTIPLE PULSES INTEGRATED 

• EFFECTIVE HORIZONTAL RESOLUTION 
.. 800 m x 2.3 km 

• PRELIMINARY RADAR SYSTEM CHARACTERISTICS 
• MASS: 125 kg 
• POWER: 225 W 
• ANTENNA: 2 m DIAMETER 
• DATA RATE: 2 kbps 

HORIZ.RES. 

Figure 2- Design guidelines for a future satellite-borne millimetre-wave radar system to observe non-precipitation clouds. 
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Figure 3 -Rainfall pattern observed by the WSR-88D Weather Radar System of the Central Plain of the United States. 
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REGIONAL GEWEX CONTINENTAL-SCALE PROJECTS 

MACKENZIE 
GEWEXSTUDY 

(MAGS) 

Figure 4 - Regional GEWEX field studies. 



VERY SHORT-TERM WEATHER FORECASTING 

M. D. Eilts 

National Severe Storms Laboratory 
Norman, Oklahoma, United States of America 

INTRODUCTION 

Recent advances in our knowledge of storm processes and 
in our capability to observe the atmosphere, to extract 
information automatically from observational data, and to 
model the evolution of atmospheric phenomena, should 
lead to increases in meteorologists' capability to forecast 
significant weather in the short term. Accurate short-term 
warnings (zero to 30 minutes) and forecasts (zero to two 
hours) of severe weather, heavy precipitation, and lightning 
can provide many benefits to society. The recent 
deployment of networks of Doppler radars is one example 
of a new found opportunity to attempt to provide very 
specific spatial and temporal forecasts and warnings of 
weather that impact society. This paper discusses how to 
enhance the warning decision process including: (a) how 
new observational sensors will allow better detection and 
analysis of storms; (b) how expert systems and artificial 
intelligence techniques can extract information from these 
data to help with warning decisions; (c) the need to 
integrate data from numerous observational systems; and 
(d) the need for interactive display capabilities that are 
designed specifically for meteorologists who are making 
warning decisions. In addition, we will examine the 
processes associated with, and information needed, to make 
short-term forecasts (0-2 hours), which include mesoscale 
and storm-scale models integrated with observational data 
streams, along with the capability to visualize and interact 
with this forecast guidance information. Implicit in this 
discussion is the continuing need to perform research to 
better our understanding of weather processes and the need 
to educate and train operational meteorologists' so they 
have a thorough understanding of weather processes, the 
ability to use data from new observational sources, and the 
ability to manipulate data and information using new 
display capabilities. 

SEVERE WEATHER WARNINGS 

Warnings to the general public, aviation concerns and 
private industry provide great benefits to society. Warnings 
of tornadoes, damaging winds, large hail, flash floods, and 
lightning allow citizens to seek safe shelter, allow aircraft to 
avoid hazardous shears, and sometimes allow action to be 
taken that mitigates the loss or damage of property. In order 
to provide very accurate and timely warnings of these 
phenomena, a number of capabilities have to be developed. 
These include: (a) the capability to observe the phenomena 
or preferably their precursors; (b) the capability to "detect" 
the signatures in the observational data streams reliably 
(either by human or computer); (c) the capability to provide 
warning decision aids to meteorologists who have to make 
the warning decisions; and (d) the capability to visualize 
and interact with the data and information. 

New observational tools 

A Doppler radar is an important tool for meteorologists to 
use to detect severe weather and to forecast the 
development, movement and evolution of convective 
storms. Other important observational data sources are 
lightning detection networks, surface networks of 
instruments that measure meteorological variables and 
precipitation amount, satellites, vertical profilers, and 
meteorological data collected by sensors on operational 
aircraft. To be able to predict accurately the evolution and 
movement of weather systems on short-time scales, it is 
important that data from all of these sources are integrated 
to provide a holistic view of weather phenomena. 

Using a highly sensitive Doppler radar, we are able 
to measure the reflectivity and radial velocity in storms and 
precipitating systems out to ranges of >300 km. In this way, 
we can detect severe weather phenomena and observe 
precursors to severe weather phenomena which are both 
important for providing timely severe weather warnings. We 
can also measure the winds in the clear-air boundary layer, 
sometimes to ranges of > 100 km. This is important for 
tracking gust fronts and synoptic fronts, for detecting "dry" 
downbursts, and for measuring the wind profile in the 
near-storm environment. The United States Federal Govern­
ment is in the process of deploying a national network of 
Doppler radars called Weather Surveillance Radar-1988 
Doppler (WSR-88D) (Cium and Alberty, 1993). These radars 
are helping to enhance the warning skill of National Weather 
Service (NWS) offices (Polger, et al., 1994). 

Lightning detection networks are important for 
determining the initiation of thunderstorms, the location of 
thunderstorms (especially in mountainous terrain where 
radar beams can be blocked), and the time trend of 
lightning rate and polarity which often provide clues to the 
potential severity or stage of life cycle of a storm (Holle 
and Lopez, 1993; MacGorman, 1993). 

Satellite data are important to observe the 
formation of thunderstorms, to ascertain the near-storm 
environment, and to understand certain characteristics about 
storms (Menzel and Purdom, 1994). Surface networks of 
meteorological instruments provide both an understanding 
of the near-surface environment and whether the network is 
dense enough, and of the capability to track surface features, 
such as synoptic fronts and gust fronts (Brock, et al., 1995). 
Profilers, rawinsondes, and sensors on operational aircraft 
provide crucial pieces of information on the thermodynamic 
and wind structure of the atmosphere in the vertical. 

Decision support systems 

The potential utility of the data from Doppler radars and 
other observational sensors is immense. However, at times 
it will be impossible for a meteorologist to assimilate all of 
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these data, especially in the short time available to make 
warning decisions. In order for meteorologists to make the 
best decisions possible, they must have easy interactive 
access to the data, but even more importantly, decision 
support systems need to be developed that provide 
information, in addition to data, to the forecaster. 

One example of a prototype decision support 
system is the Severe Weather Warning Decision Support 
System (SWWDSS) developed at the National Severe 
Storms Laboratory. This SWWDSS is the combination of: 
(a) expert systems that analyse Doppler radar data and 
other meteorological data to diagnose storm structure and to 
detect severe weather signatures automatically; (b) 
innovative display capabilities that allow a meteorologist to 
access information and data rapidly; and (c) techniques to 
disseminate warnings rapidly (which will not be discussed 
in this paper). An example of the type of warning guidance 
information provided is "this storm has an 80 per cent 
chance of producing large hail in the next 30 minutes," or 
the "height of the storm core. is falling rapidly". 

Automated severe weather detection and storm diagnosis 

To provide timely and highly location-specific warnings of 
severe weather, meteorologists have to integrate and 
assimilate large amounts of data from a number of sources. 
This warning decision process is an important area where. 
artificial intelligence and expert system techniques can be 
used to help decision makers. We will discuss recent 
advances in the development of automated algorithms that 
ingest data from Doppler radars and other meteorological 
sensors, automatically detect signatures of storms in the 
data, and then provide both diagnostic and prognostic 
guidance information to meteorologists. These algorithms 
use image processing, artificial intelligence, expert system 
and other techniques to turn the data into meaningful 
information. Recently developed algorithms can take 
advantage of tremendous increases in computing 
technology, artificial intelligence and image processing 
techniques, and in our knowledge of severe storms and their 
signatures in observational data streams to provide this type 
of decision aid to meteorologists. 

In this paper, five severe weather detection 
algorithms will be discussed: Storm Cell Identification and 
Tracking Algorithm, Hail Detection Algorithm, 
Mesocyclone Detection Algorithm, Tornado Detection 
Algorithm, and Downburst Prediction and Detection 
Algorithm. All of these algorithms were designed to detect 
severe weather phenomena automatically using mainly 
Doppler radar data as the input source. These algorithms 
also detect known precursors to the phenomena, and track 
the evolution of features associated with the phenomena. 
These five algorithms are not the only algorithms that have 
been developed in the meteorological community; they are 
discussed as examples of what can be done to help 
forecasters make decisions. 

The Storm Cell Identification and Tracking (SC/T) 
Algorithm 

Knowing the present location of convective storms, 
characteristics about the storms, and their movement is 
important information for a meteorologist whose job is to 

provide the public severe weather warnings. The main 
purpose of the SCIT algorithm is to identify the location of 
storms, to track them over time, to forecast their movement, 
and to provide diagnostic information about the storms 
(Witt and Johnson, 1993). Figure 1 is an example of 
algorithm output during the time of a severe storm near 
Phoenix, Arizona (United States). The radar data come 
from the local WSR-88D. The algorithm output shows the 
present location of the centroid of the storm. The white, 
dots the past track and the pink, cross-hairs the forecasted 
movement of the storm. In addition, the SCIT algorithm 
provides diagnostic information about a storm and the time 
trend of each of these parameters can be displayed. For 
example, it calculates the maximum reflectivity (related to 
the intensity of rain or hail) in the storm, the top and base of 
the storm, and other attributes of the storm that are 
important for meteorologists to analyse in real time to 
determine the likelihood that it will produce severe weather. 
These storm attributes can be seen in the table near the top 
of Figure 1. In addition, the SCIT algorithm saves the 
attributes so that the time trend of each of them can be 
displayed as in the example on the right side of Figure 1. 

The SCIT algorithm also ingests data from the 
National Lightning Detection Network. Lightning 
detections are correlated with individual storm cells which 
allow the algorithm to analyse the lightning characteristics 
of individual storms and display them to users. Also, 
surface instrument data (surface measured winds and 
temperatures) and profiler (measures winds up to several 
kilometers above the ground) data are ingested, which 
allow the algorithm to determine the near-storm 
environment which is important for understanding a storm's 
potential to grow and/or decay. 

Hail Detection Algorithm 

In rare cases, hail stones exceed 10 centimetres in diameter. 
One recent example of the devastation that hail storms can 
produce was the storm that hit the Orlando, Florida (United 
States) area on 25 March 1992. 

This storm produced hail with a diameter greater 
than 8 cm that caused extensive damage to homes, 
businesses, automobiles, and agriculture and which totalled 
over US$ 600 million. 

The NSSL-developed Hail Detection Algorithm 
(HDA) examines Doppler radar data in real time to 
determine the probability that a storm produces any size 
hail. It also determines the probability that the storm 
produces hail greater than 3/4 of an inch ( -2 cm) in 
diameter (deemed severe by the U.S. National Weather 
Service). And finally, it estimates the maximum size of hail 
stones associated with a storm (Witt, 1990; Witt, 1993). 
Data from the Melbourne, Florida WSR-88D during the 
time of the Orlando hail storm illustrates the HDA output 
(Figure 2). In the table near the top of the display you can 
see that the HDA determined that there was 100 per cent 
probability that the storm was producing hail and severe 
hail and estimated the maximum size of the hail stones to 
be greater than 3 inches (8 cm). In fact, hail stones the size 
of baseballs (7 cm) were reported falling at this time. In 
addition, the trend windows on the left side of the figure 
show the trend of probability of hail, the probability of 



severe hail, and the estimated maximum hail size over the 
previous hour. When this type of decision support system is 
made available to operational meteorologists, it will 
provide them with important information to use to warn the 
public of impending damaging hail storms. 

Mesocyclone Detection Algorithm 

A mesocyclone is a very strong circulation in a storm. 
Storms that have deep, persistent mesocyclones produce 
severe weather at the surface approximately 95 per cent of 
the time, and they are associated with tornadoes 
approximately 258 of the time. The NSSL-developed 
Mesocyclone Detection Algorithm (MDA) detects these 
strong circulations in thunderstorms and forecasts their 
movement out to 30 minutes. The algorithm also analyses 
the mesocyclone to display its strength of rotation, its 
depth, its diameter, and the time trend of each of these 
important parameters that meteorologists examine to try to 
determine whether severe thunderstorm or tornado 
warnings should be issued. Mesocyclone Detection 
Algorithm output overlayed on Doppler weather radar data 
from the Twin Lakes, Oklahoma (near Oklahoma City) 
WSR-88D during the time that two tornadoes occurred 
simultaneously shows the features of the MDA (Figure 3). 
In this case, the MDA has detected the parent circulations 
of these tornadoes which are indicated by the yellow 
circles. Meteorologists making warning decisions need a 
reliable algorithm that detects mesocyclones because it is 
an important tool to determine the severity of storms and to 
examine their potential to produce tornadoes. 

Tornado Detection Algorithm 

Tornadoes range from being only a few yards wide with 
relatively weak winds to nearly a mile wide with winds 
over 100 m s-I. Tornadic winds are the strongest winds 
produced by nature. Some tornadoes only stay on the 
ground for seconds, while others stay on the ground for 
over an hour and track tens of kilometers. Since winds from 
tornadoes do extensive damage, and can cause deaths, they 
are one of the most important weather phenomena that 
meteorologists can warn the public about. 

The Tornado Detection Algorithm examines 
Doppler velocity data to detect signatures that indicate a 
tornado is present. The algorithm detects circulations in the 
Doppler velocity field and requires that the circulation 
signature has a certain depth and strength of rotation, which 
is a good discriminator between circulations that do 
produce tornadoes versus those that do not produce 
tornadoes (Vasiloff, 1993). A display of the Doppler radar 
reflectivity and velocity fields during the time that a large 
tornado was on the ground shows the Doppler velocity 
signature of this tornado (Figure 4). The triangle-shaped 
icon represents the detection of the signature by the 
Tornado Detection Algorithm. Being able to detect 
signatures of tornadoes and precursors to tornadoes 
automatically is a very important function that will improve 
future warnings. 

Downburst Prediction and Detection Algorithm 

Downbursts, often called microbursts when their diameter 
is <4 kilometers, produce deadly wind shears for aircraft 
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that penetrate them at low altitudes. In addition, some 
downbursts are strong enough to produce damaging winds 
at the surface (sometimes >50 m s-l). Because of the short 
life-time of the phenomenon (often< 10 minutes), it is very 
difficult to warn the public and aviation concerned before it 
occurs unless precursors can be detected. Thus, it is an 
important opportunity for the application of artificial 
intelligence techniques. Algorithms have been developed to 
both detect and predict downbursts (e.g., Wolfson, et al., 
1995; Merritt, 1991; Eilts, et al., 1994). An example of 
output of one of these a1gorithms, developed at NSSL, 
which is called the Damaging Downburst Prediction and 
Detection Algorithm (DDPDA), is shown in Figure 1. 
These data are from the Phoenix, Arizona WSR-88D 
approximately five minutes before this downburst produced 
damaging winds at the surface. The DDPDA examines the 
Doppler radar data looking for precursors to downbursts, 
such as a rapidly descending reflectivity core and 
convergence at mid-altitudes. Predictions of downbursts are 
made up to seven to 10 minutes in advance with some skill. 
The microburst prediction algorithm, developed at 
MIT/Lincoln Laboratory for the Federal Aviation 
Administration, uses integration of radar data with other 
data sources (to estimate the environment near the storm) to 
make predictions of microbursts for use in airport terminal 
operations (Figure 5; Wolfson, et al., 1995). 

Interactive display system 

Because these new enhanced severe weather detection 
algorithms have the potential to provide an overwhelming 
amount of information to warning meteorologists, it is 
important to have a display capability that allows the 
meteorologists to call up any information they. deem 
important very quickly. In addition, the display must 
always show the most important information, to give 
meteorologists a quick look at the most severe storms so 
that they can stay aware of the whole warning area, yet 
focus on one storm when they are making decisions about 
warnings for it. 

One display capability that has been developed at 
NSSL to meet their meteorological research and 
development needs, meets both of these needs (Sanger, 
1994). First of all, at the top of the display, a table of some 
very important severe storm parameters are shown for the 
five most severe storms within radar range (up to the top 
100 can be observed by scrolling the table) (see Figure 1). 
In this table, all storms are weighted by their estimated 
severity, with the strongest at the top of the list. Parameters 
are colour coded by their potential to produce severe 
weather, thus, values that are colour coded red suggest 
severe weather may be occurring, yellow suggests the 
potential exists for severe weather, and green is a lesser 
threat. This gives a "heads up" to a busy meteorologist as to 
which storm should be examined more closely and what the 
main threat from the storm might be (e.g., tornadoes versus 
hail). 

When the meteorologist selects a storm to 
examine, the display can be zoomed so that the storm of 
interest is the only one in the window, just by clicking on 
the storm ID number in the table. It can be overlaid with the 
local geopolitical boundaries, roads, etc. With an interactive 
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display such as this, a meteorologist can examine the 
Doppler velocity and reflectivity data in great detail and 
can use the mouse to click on the storm to bring up "trend 
windows" such as are shown in Figure 1. These trend 
windows allow the meteorologist to examine the 
growth/decay of this storm over the past hour. He/she can 
look at the trend of strength of circulation in the storm, the 
trend of the maximum hail size, the trend of lightning rates, 
etc. Potential users from the NWS who have seen this 
capability are excited about its potential utility in an 
operational warning situation, because it provides them 
with easy access to information they need in a concise and 
easily interpreted format. 

Display capabilities that allow easy access to 
information, direct the meteorologist toward important 
information, and allow easy interactive visualization of the 
data are an important component of the warning decision 
process. 

SHORT-TERM PREDICTION OF SIGNIFICANT 
WEATHER 

In order to be· able to predict the initiation, movement and 
evolution of significant weather for the zero to two-hour 
time-frame, the enhancement of our present capability to 
observe the atmosphere, to model its evolution, and to 
integrate observations and models in a synergistic way 
needs to continue. At the present time, our skill at 
predicting significant weather often does not have enough 
accuracy so that the predictions are useful to the general 
public, aviation concerns, and public and private industry. 
Further research and development of numerical models, 
observational sensors, and techniques to combine models 
and observations are very important if we are to succeed in 
producing good short-term predictions. Three important 
areas where short-term prediction of significant weather 
can provide benefit to society are flash flood prediction; 
thunderstorm initiation, evolution and movement; and 
winter weather prediction (e.g., snow and icing conditions). 

Numerical models 

In order for numerical models to be used for very­
short-term forecasting, it is imperative that we increase 
model spatial resolution which will allow us to predict on 
scales that are important for <2-hour predictions. It is also 
very unlikely that in the next decade we will be able to 
predict individual weather phenomena explicitly using 
numerical models. Instead, it is more likely that we will use 
both mesoscale (models with scale of a few hundreds of 
kilometers) and cloud-scale models as guidance tools for 
meteorologists. One method proposed is to use mesoscale 
models to produce six to 12-hour forecasts. Then, using 
output from this mesoscale model, cloud-scale models can 
be initiated in locations of developing or evolving 
interesting weather phenomena. The cloud-scale model 
would be run several times with a range of initial conditions 
that the forecaster would consider possible scenarios. In 
this way, the forecaster can determine how sensitive the 
development or evolution of the weather phenomena is to 
the initial conditions. This is particularly useful, if for 
example all runs of the model produce similar forecasts 
then the forecaster can be more confident in the forecast. If 

the cloud-scale model output varies considerably based on 
the changing of one initial condition, for example, the shear 
in the environment, then the forecaster can focus on the 
evolution of shear in the environment as a critical forecast 
parameter (Brooks, et al., 1991). 

To be able to run models with very high resolution 
( <1 km grid spacing) in real time so that the forecast arrives 
before the verification time, it will take further increases in 
the speed of even the latest massively parallel computers, 
especially if a number of model runs are necessary to 
determine the sensitivity to initial conditions, as suggested 
above. In addition, these models will have to be able to 
ingest very high resolution data (e.g., Doppler radar data), 
to depict accurately the present weather scenario. The 
Center for Analysis and Prediction of Storms has developed 
such a model called the Advanced Regional Prediction 
System (Xue, et al., 1995) and is able to run a 64 x 64 x 32 
grid (1 km x 1 km x 0.5 km grid spacing) on a single 
processor of a Cray YMP-50 and sustain a rate of 180 
megaflops. This equates to a one hour forecast taking 
approximately six minutes to run. The relationship between 
speed of computers and time to run models is depicted in 
Figure 6 (Droegemeier, et al., 1995). The rapid increase in 
speed of computers in the past few years, and the projected 
increases in the future, lead us to believe that in the near 
future it will be possible to run these models in sufficient 
time. An example of the output of this model shows the 
high resolution output that results along with the changes in 
detail caused by changing the resolution of the model 
(Figure 7). With further advances in computing capabilities 
these type of models may become important tools for very 
short-term forecasting of thunderstorms, as well as many 
other atmospheric phenomena (Cotton, et al., 1994). 

The importance of integrating data and models to 
predict hazardous weather phenomena on the short 
term 

It is very important to be able to integrate all possible 
observational data sources and numerical model output to 
predict the evolution and movement of weather phenomena 
for short time periods. Meteorologists need the capability to 
integrate data and visualize them, and also need a method 
to integrate the model output with observational data if they 
are going to have any success at these short-term 
predictions. As examples, we will discuss potential 
methods to produce flash flood predictions and 
thunderstorm initiation predictions, to show how important 
it is to integrate model and observational data. 

Flash flood prediction 

Flash floods cause millions of dollars of damage every year 
and many deaths and injuries. To be able to predict flash 
floods in a timely manner, a meteorologist needs to know 
how much rain either will fall (numerical models), or has 
already fallen (raingauge, radar estimates, and/or satellite 
estimates [Grody, 1991]) and at what rate. In addition, it is 
important to know how much of that rain will runoff 
(surface moisture data, hydrological runoff models) and 
how much runoff a given stream basin (or similar water 
reservoir) can handle before flooding occurs. To be able to 
predict flash floods reliably, not only do we need to 



integrate meteorological and soil observational data, but 
also meteorological numerical models and hydrological 
models (Doswell, 1993a; Doswell, 1993b). 

To show the utility of radar and raingauge 
networks in estimating rainfall and the need for integrating 
the two data sources, an example of a case is shown in 
Figure 8 from Phoenix, Arizona. On that particular day 
radar-based estimates of precipitation were between 0.2 and 
0.9 inches and were fairly widespread. Most of the surface­
measured rainfall also fell within that range of values, 
except for the raingauge located just to the southeast of the 
radar (radar is "KIWA" on Figure 8) which measured 2.66 
inches of rain. It is likely that the radar algorithms under­
estimated the rainfall at this ·location due to the "cone of 
silence" near the radar. This case shows the extreme impor­
tance of integrating data to best represent and understand 
weather phenomena and their attendant precipitation. 

Thunderstorm initiation 

Predicting the location and timing of the development of 
thunderstorms is a very difficult and complex task. Studies 
have shown that if the goal is to predict the location of the 
development of thunderstorms in the time-frame of five to 
10 minutes there are clues in Doppler radar data that 
provide some skill, although the timing prediction is less 
accurate than the location prediction (Hondl and Eilts, 
1994). One example of this is colliding boundaries that 
produce thunderstorms. These boundaries can be observed 
by Doppler radar and satellite, their movement can be 
discerned and the time of their collision can be predicted. 
However, to determine where along colliding boundaries 
storms may form and to gain valuable lead time, it is 
important to use satellite data, because satellites are the 
only operational data source with which we can observe 
visible clouds, which are indicative of developing 
thunderstorms (Wilson and Mueller, 1993). It is also very 
important to know the vertical thermal and moisture 
structure of the environment to ascertain whether storms are 
possible. These types of data are not presently available on 
the temporal and spatial scales necessary, except during 
special research projects (Mueller, et al., 1993). 

In addition, at ranges beyond 60-100 km from a 
radar, the radar beam is typically above the boundary layer, 
so convergence boundaries cannot be observed and 
thunderstorm initiation prediction will be much more 
difficult. Other difficulties in trying to predict thunderstorm 
initiation include: all storms do not form on boundary layer 
convergent boundaries, and once storms have developed 
their interaction and outflow can cause other storms to 
initiate on short-time scales, often with few radar 
observable signatures. 

Research efforts at the National Center for 
Atmospheric Research have led to a nearly automated 
method of estimating the location of thunderstorm initiation 
for the next 30-minute period (Wilson and Mueller, 1993). 
Figure 9 shows an example of the automatic 30-minute 
prediction of where thunderstorms will be, along with the 
actual verification of the location. To be able to predict 
accurately thunderstorm development, evolution and 
movement requires further research, but our present skill 
does show some promise. 
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In order to predict reliably where, and possibly 
when, thunderstorm development may occur beyond 
30 minutes in advance, cloud-scale or mesoscale models 
will have to be used. But as stated in the above section, it 
is likely that in the next decade or so models will not be 
able to predict thunderstorm initiation explicitly. Rather, 
they will only be valid as guidance tools for meteorologists 
to use. 

Data and model visualization for short-term prediction 

For meteorologists to make very good and timely 
short-term predictions of significant weather, a display 
capability needs to be available to them that allows them 
to overlay model data on top of various observational 
data streams (e.g., satellite and radar data). It is also 
important to be able to loop through images so that the 
evolution and movement of weather phenomena are 
easily observed. The importance of easy interactive 
access to these data streams cannot be overstated. In the 
United States, display capabilities that meet these 
requirements are being developed and further enhanced. 
Two examples of this capability is the National Advanced 
Weather Information Processing System (N-AWIPS) 
(Figure 10; Olson, et al., 1994), and the FX-ALPHA 
workstation (Bullock, et al., 1994). These display 
capabilities have an easy, interactive human interface for 
letting an individual display satellite data, model output, 
radar data, surface data, and other data sources and 
overlay any of these tields on top of each other. This type 
of software/hardware display capability is a must for 
meteorologists who are trying to analyse all of the model 
and data sources available to make short-term 
predictions. 

CONCLUSIONS 

To be able to provide timely and location specific 
very-short-term warnings and forecasts to the general 
public, aviation concerns, and private industry, it is 
important that we continue to provide meteorologists 
with improved observational tools, better decision 
support systems, better numerical models, and effective 
interactive display systems. Investment in all four 
areas-along with continued investment in research to 
enhance our understanding of weather processes and 
education and training of operational meteorologists both in 
basic meteorological knowledge and on the observational 
tools and displays at their disposal-will allow much 
improved forecasts and warnings which will ultimately 
save lives and reduce damage to public and private 
property. 
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Figure l- Doppler radar reflectivity (left) and velocity (right) display from the WSR-88D near Pheonix, Arizona (KIWA) on 6 August 1994, 02:53 UTC 
Data are colour-coded by the scale on the bottom. Negative velocities are towards the radar, positive away. The colour coded table at the top 
of the figure is a combination of algorithm output with storms weighted by their potential severity. The Storm Cell Identification and Tracking 
Algorithm output has identified this storm (storm #11) and tracked it for 40 minutes, the connected white dots indicate the past track of the 
storm with each pink cross hair a forecast of future movement of the storm in five-minute intervals. Overlayed on the velocity field is a small 
blue ellipse with an "S" in it, indicating a severe downburst has been detected. The trend windows on the right side of the figure are trends 
over the past 40 minutes of certain storm parameters. 
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Figure 2 - Same as Figure l except for data from Melbourne, Florida WSR-88D (KMLB), 26 March 1992, 00: ll UTC. The "HAIL" column in the table 
represents Hail Detection Algorithm output probability of hail of any size (lOO per cent for storm number 8 in the center of the display), the 
"SVRH" column represents the probability of severe hail (>3/4 inch diameter, lOO per cent for storm 8), and the "SIZE" column represents the 
maximum estimated hail stone in inches (> 3 inches for storm 8). This storm did US$ 600 million of damage from near the time of this display 
to an hour later. 
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Figure 3- Same as Figure I except for data from Sterling, Virginia WSR-88D (KLWX) on I May 1994,01 :11 UTC. Yellow circles represent detections 
of circulations by the Mesocyclone Detection Algorithm. This storm produced an F2 tornado that did damage in the town of Pond Bank. The 

table and trend windows in this figure show characteristics of circulations detected by the MDA. 

Figure 4- Same as Figure 1 except for data from the WSR-88D near Houston, Texas on 16 November 1993, 15:45 UTC. The "white triangle" icon 
indicates the location of a detection by the Tornado Detection Algorithm. This circulation was associated with an F2 tornado. The table and 
trend windows in !his figure show characteristics of the circulation detected by !he TDA. 





OVERVIEW OF MICROBURST PREDICTION ALGORITHM 

VERTICAL 
ACCELERATION 
OF DOWNDRAFT = EVAPORATION 

+ MELTING + WATER 
LOADING + 

PRESSURE 
FORCES 

[RELATE TO OUTFLOW VIA CONTINUITY] 

ESTIMATION OF SOUNDING PARAMETERS DETECTION OF STORM GROWTH & DOWN DRAFT DEVELOPMENT 

-LOOK FOR GROWTH (e.g., INCREASE IN VIL) 

-LOOK FOR DOWN DRAFT (e.g., DROP IN CENTER OF MASS) 

-ESTIMATE OUTFLOW STRENGTH USING SOUNDING 

-ESTIMATE TIMING OF MICROBURST ONSET 

-MAKE PREDICTIONS (MERGE W/ DETECTIONS FOR DISPLAY) 

-RUN FEEDBACK (COMPARE DETECTIONS & PREDICTIONS) 
-USE MDCRS & ASOS & SA TEMPERATURE DATA 

- DERIVE TIME & SPACE WEIGHTED PROFILE 

-COMPUTE MEAN LAPSE RATE & FREEZING LEVEL 

Figure 5- Schematic showing how the microburst prediction algorithm detects and predicts the location and timing of microbursts (from 
Wolfson, et al., 1995). 

Figure 6 - Nomograph of the ratio of dedicated wallclock time to simulated time plotted against domain size for the Advanced Regional Prediction 
System numerical model version 3.0. The diagonal lines represent sustained model performance in megaflops, gigaflops, and teraflops . As an 
example using a grid size of 1024 x 1024 x 32 it will take a lOO gigaflop computer to run the model 10 times faster than wallclock time (from 
Droegemeier, et al., 1995). 





Figure 7 - Potential temperature at ground level from simulations using a cloud-scale numerical model and varying the grid resolution. Output is valid 
two hours from the beginning of the model run . 

Figure 8- Data from the Phoenix, Arizona WSR-880 on 29 July 1994 02:12 UTC. Reflectivity image is on the left, storm total precipitation image is on the 
right. Overlayed on the images are the parameters measured by the local surface mesonetwork. The flags indicate the direction from which the wind 
is blowing with the speed represented by a full wind barb for every 5 m s·I. The two numbers to the left of the wind flag indicate the temperature 
(on top) and dewpoint in degrees Fahrenheit. The two numbers to the right of the wind flag indicate altimeter setting in inches (on top) with the 
amount of precipitation in hundredths of an inch (on the bottom). Notice the surface site near the radar (KIWA) which has 2.66 inches of rainfall in 
a location where radar estimates are less than 0.5 inches. And also notice that the radar estimates fill in the gaps where the surface mesonetwork 
does not measure the precipitation. This figure shows the complementary nature of the two data sources for measuring rainfall. 
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Figure 9- Example of output uf an automatic 30-minute Thunderstorm 11orecast Algorithm. The area outlined by the white line is the automated forecast, 
~)iile the verification of the forecast is the red area (Courte~y Jim Wilson, NCAR) . 

.... .. _. 

Figure 10- Example of display from the N-AWIPS, showing how colours and other techniques allow overlaying of different fields which are important 
for a meteorologist to try to understand model output and observations. 



fllli:POJIOrHqECKHO UHK.JI: BJIIUIHHE ECTECTBEHHLIX H AHTPOUOfEHHbiX 
«DAKTOPOB 

llfXJfljecrop 11. A. lliuKJJoMauou 
/OcyAapGTTl8e1111W Zu,tqJO.IIOZU'tleCJCUU uucnmmym, C.-llemep6ypz 

Oli.IQHE DOJIOJKEHHJI: DOHJITHE fH,llPOJIO· 
rnqEcKOrO QHKJIA, B03MOJKHOCTH H3MEHE· 
HHJI EfO KOMDOHEHTOB 

fiiApo.IlorwiectcHii QHKJI, HJIH Kpyrooopor BQlU.I n cucreMe 
aTMOC(}epa-rH,D;pOC~pa-JIHTOC«<_iepa, JIBJIJICTCJI ~HUM H3 
ocuonHbiX r0041H3H'IecKH.X npoueccou ua uameii HJiauere, 
OOCCHC'IHBaiOIUHX OTHOCHTCJibHYIO yCTOH'IHBOCTb 
npHpQllllllX yGIIOBHH H xapaKrepH3yiOIUHX paCilpe,J.J,eTieHHe 
n~ Me:~KAY cymeii, OKeauoM H arM~poii. JIBJIHHCL 
uau60J1ee HpKHM noKaJareneM e,li.Hucr.ua np~ q ua 
3eMne, ru.n;ponorH'IeCKHH UHKJI o61>eKruuuo 
OOyCJJaBJJHBaeT HeOOXQII,HMOCTb TeCHOH B3aHMOCBJI3H 
Mex.n;y uayKaMu (MereoponoruH, OKeauonoruJI, 
ru.n;ponorHJI u ru.n;poreonoruJI), u3y'laiOIUHMH ero 
OT,IJ;ellbHhle KOMHOHeHTbl. 

O'IenH,D;Ho, 'ITO npo6neMa H3y'leHHH Kpyrooopora 
BQlU.I 'Ipe3Bbl'laiiHO oomupua H, KaiC Y'ICHbiH, paOoTalOIUHH 
B oOJlaC'fH rH,D;poJJOrHH cymu, B CBOOH JlCKQHH J1 oy,n;y 
ICacarLCJI maBHhiM o6pa3oM rex acneKron ru.n;pono­
rn'lecKoro UHICJla, KOTOpble uenocpe.n;crneuuo CBJI3aHbl c 
cti<>PMHpoBaHHeM pe'IHOrO CTOICa H ero H3MeHCHHHMH n~ 
BJIHJIHHeM ecreCTBeHHbiX taKTOpOB H X03JIHCTBCHHOH 
.n;enrMLuocru. Ha MOH B3mn.n;, HMeHHo aru arnenbl u 
npe)((,n;e ncero n3aHMo.n;eucrnue nonepxuocTHhiX u 
H~3eMHbiX q B pa3JlH'IHbiX yCJJOBHHX TpeOYIOT ocoOCHHO 
rmarenLuoro u3y'leHHJI c npuMeueuueM ncero 
conpeMeuuoro apceuana Mero.n;u'leCKHX no.n;xo.n;on u 
TCXHH'IOCKHX Cpe,n;CTB. 

llnau neKUHH npe.n;ycMarpunaer npe.n;craBJieuue u 
OOcy)(()J.eHHe MarepHaJJOB HO rnOOaJJbHOMy H KOHTHHCH· 
TaJlbHOMy ru,n;pOJJOrH'IeCICOMY UHKJly, JIO H3MeHCHHJIM 
ru.n;po.Iloru'lecKoro uHKJJa B npe.n;Max pe'IHbiX qocoopon; 
oco6o n npe.n;nonararo ocrauouurLCH ua neKOTOphlx 
HpoOJleMax, CBJI3aHHbiX C 3KCJiepHMeHTaJJbHbiM HJy'ICHHCM 
rH.n;po.IlOrH'IOCKOro QHKJJa. 

TaKoii nnau o6ycnonneu reM, 'ITO ru.n;ponoru 
o6bi'IHO paccMarpunaror ru.n;ponoru'leCKHH UHKJl .n;nJI 
pa3JJH'IHbiX npocrpaucrneunbiX u npeMeHHbiX Macmraoon: 
)l;JlJI 3eMJ1H B UMOM, OKeaHOB, KOHTHHCHTOB, KPYJIHhiX 
npup~uo-aKOHOMH'IecKux paiionon: MH 6onLmux u 
MaJJbiX pe'IHbiX 6acceHHOB; 3a MHOrOJleTHHH nepu~ H 3a 
KOHKpeTHble r~ HJlH ce30Hbl. 

Ibnopn oo ycroiiqunocru ru.n;ponoru'leCKoro 
UHKJJa, Mbl Bcer,n;a HMCeM BBH,n;Y, 'ITO paBHOBeCHe MC]~()()' 

OT)l;eJlbHbiMH ero KOMHOHCHTaMH HMeer MOCTO TOJlbKO B 
npe.n;Max onpe.n;eneuuoro, .n;ocraro'IIIO orpauu'lenuoro B 
HCTOpH'ICCKOM MaCIDTaOe JipOMeJKyTKa BpeMCHH. Ja 
60Jlee MHTMLHble nepu~ - n Te'leuue coreu H )1,31Ke 
,IJ;ecHTKOB JJeT OT)l;eTibHble KOMJIOHeHThl rH,D;poJJOrH'IecKOrO 
uHKJJa Moryr HCJihiThiBaTb :ma'IHTeTILHble H3Meueuun, o6yc­
JJOBJJenHble KaK ecrecrneHHhiMH, raiC u aurponoreHIIhiMH 

. l!iaKTOpaMH, 'ITO JI}:lHBO,IJ;HT K COOTBeTCTBYIOIUeMy 
H3MCHeHHIO KJIHMaTH'IeciCHX H rH,D,pOJJOrH'IeciCHX ycJIOBHH. 
llpu aroM Macmraobl u xapaKrep H3Meueuuii 
rH.n;pOJJOrH'IecKOro QHKJJa B 31Ia'IHTellbiiOH Mepe 3aBHCHT OT 
pa3Mepa reppHTOpHH, .n;J1JI KOTOpoH OH OHpe)l,eTIHCTCH: 'ICM 
OonLIIIe reppuropHH, reM 6onee ycroii'IHBhl ecrec:rneHHble 
COOTHOlleHHJI MeJK,n;y OT,IJ;eJibHbiMH KOMHOHeuraMH 
ru.n;ponoru'lecKoro UHKJJa u reM Meuee ouu n~epxeHbl 
BJlHJIHHIO X03HHCfBeHHOH )l,eJITeJlbHOCfH 'leJlOBeKa. 

Ha pucyuKe 1 110Ka3aua cxeMa rnooaJJbHOro 
ru,n;pOJlOrH'IeCKOrO UHKJla C OCHOBIIbiMH 'IHCJleHHhiMH 
HOICa3aTeJ1JIMH ero KOMHOHeHTOB, KOTOpble ObiJlH 
onpe.n;eneubl poccuiicKHMH ru.n;poMereoponoraMu n 70-x 
r~ax (Muponoii B~Hhlii 6anauc, 1974). Orneqruomue 
aroii cxeMe aneMeurapuble ypanueHHH Mnoroneruero 
no.n;uoro 6ananca .n;nH pa3JJH'IHYX no Maciiira6aM 
reppuropuii OOhi'IHO npe.n;crannHIOTCH ru.n;ponoraMH B 
CJJe.n;yromeM BH,D;e: 

- AJ1JI 3eMJJH B UeJlOM: 
;e = P o + P e' + P e" = Eo + Ee• + Ee" = E (I) 

- AJ1JI OKeaHOB: 
Eo = P o + R = P o + Rs + Run (2) 

- .n;JlJI oOJJacreii BHeiiinero CfOICa H pe'IHbiX 6acceiiHOB 
Pe• = Ee• + Rs +Run (3) 

- AJ1JI 3aMKHYTbiX (uuyrpeuHHX) nnoma.n;eii 
(4) 

B ypanueuuu (1-4): 
P, P 0 , P e'• P e" - oca.n;Ku coornercrueuuo )I,JlH 3eMJJH n 
uenoM, MH OKeaHon, oonacreii uuemuero u nuyrpeHHero 
CfOKa; 
E, E0 , Ee'• Ee" - ucnapeuue MH 3eMJJH B uenoM, )VIJI 
OKeaHOB, oOJlaCTeH BHCIIIHero H BHyTpeHHero CTOKa; 
R, Rs, Run - croK cyMMapnhlii, nonepxuocrnhlii u 
H~MHhiH. 

llpuue.n;euuble ypanueuuH cnpane,n;nHBhl ,n;nH 
crauuouapubiX yGIJOBHii npu .n;onymeuuu, 'ITO npux~ ~ 
H3 KOCMoca ypauuoneiiiunaerCH nocryHJienueM ~noro 
napa B KOCMOC, a HpHTOK rJlyOOICHX IOBHHHJlbllbiX B~ 
KOMneucupyerrn 3aTpaTaMu BQlU.I ua rH,D;poraUHIO. 

~JlJI aHaJ1H3a H3MeHeHHH KOMHOHCHTOB 
ru,n;pOJIOrH'ICCKOrO UHKJla BCCbMa BaJKHO HOHJITHC 
Koottuunema Maroo6opora, npe.n;cTaBJJeuuoro n nu.n;e: 

Kc = p = Pad +PE 
pad pad 

r,11,e: Kc - Koattuuueur unaroo6opora; P - o6mue 
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oca)I.KH; pad - 3.,/J,BeKTHBHhle oca)I.KH, OOpa30BaHHble 3a 

rner BQlV!uoro napa, npuueceuuoro H3Bue; PE - MecrHble 

oca,I(KH, o6pa3oaauuhle 3a c•rer ucnapeuuH ua 

pacx::MaTpHBaeMOH TeppHTOpHH. 

QqeBHAHO, qro Koa~~uuueur anaroo6opora 

,I(OmK.eH HMeTb ,I(OCTaTOqHO XOpOillylO 3aBHCHMOCTL OT 

MOITIMH paCCMaTpHBaeMOH reppHTOpHH: npH MOITI3.,li,IIX 

Meuee 500-1000 ThiC. KM.2 Kc"" 1, .l(nH MOlli3.,/J,eH 6oJlee 

1 MnH. KM2 Kc > 1, AOCTHran:, uanpuMep, ,l(nH A4JpuKH Kc 
"" 1,42, .l(nH Eapa3HH Kc "' 1,65 (KanuHHH r. n., 1968, 
Mupooou IIQlUihiH 6anauc •••• 1974). 

AnanH3HPYJI npuBe,LJ,euuhle ypaBueuuH (1-5) H 

IlpHOmDKeHHhle qucneHHble xapaKTepHCTHKH HX 

KOMIIOHeHTOB, IlOKa3aHHble Ha CXeMe (pHCYHOK 1), MOXHO 

C,I(MaTL HeKOTOphle OOITIHe (KaqecTBeHHble) BhiBQll,hl B 

OTHOilleHHH 803MOJKHOCTeH 803,/(CHCTBHH qerJOBeKa Ha re 

HnH HHhiC KOMHOHeHThl fH,I(j>OJIOrHqecKoro UHKna: 

- IlOCKMLKY OC3.,/J,KH Ha cyme B OCHOBHOM o6ycnoBJieHbl 

rrepeuocoM unaru, ucnapuameucn c OKeaua, 

nenocpe,I(CTBeHHO 803,/(CHCTBYH Ha peqHOH CTOK H 

ucnapeuue c cymu, qeJJoneK Moxer MHHTh Ha oca,LJ,KH 

numb B oqem orpaHHqellHhiX Macmm6ax; 

aurponoreiiHhle H3MeueuuH ucnapeuuH c oKeaua 

(uarrpHMep B pe3yRLTaTe ero 3arpH3HeHHH, IlOKphiTHH 

MacRHHOH WleHKOH H T.n.) MOfYT OOCLMa CHnbliO CKa3aTLCH 

ua DCMKax H CTOKe c cymu; 

HHTeHCHBHOC X03HHCTBeHHOe HCHORL30BaHue BQll, B 

6ecCTO~ o6naCTHX He MOJKeT 3aMeTH0 HOMHHTL Ha HX 

o6m:uii BQli.HhiH 6ana11c H xapaKTepucrnKH mo6ani>uoro 

BJiaroo6opora; 

- B03,1(CHCTBHC 'IMOBCKa Ha mo6anbllble KnHMaTH'IecKHe 

xapaKTepHCTHKH (cyMMapHhiC OCa,I(KH, TeMneparypa 

B03;zyxa, ucnapeuue) Moryr oco6euuo rnnLno CKa3aTbCH 

Ha BQli,HhiX pecypcax KOHTHHeHTOB, perHOHOB H pe'IHbiX 

6acceHHoB. 

OpuMCHHTMLHO K aurponoreHHhiM H3MeueHHHM 

pequoro croKa B pa3nH'IHhiX npocrpaucraeuuhi.X Macm­

m6ax, Ba.JKHO OTMeTHTL cne.tzylOITIHe oOCTOHTMLCTBa: 

,I(RH 3eMHOf0 mapa B l~eJlOM HHKaKHe 803,/(eHCTBHH 

'IMOBeKa ua CTOK He MOryT H3MCHHTL oOIQee ypaaueuue 

mo6an1>uoro DQlUIOro 6anauca; 

- ,I(JlH oKeanoB, a BQli,HOM 6a.J1auce KOTOphiX pC'IHou croK 

HrpaeT BCCLMa MaRyiD pollb (3a HCKRIO'IeHHeM, noxanyu, 

Ceaepuoro Jle,LJ,oauroro o~~:eaua), H3MeuenHH ero no.n. 

MHHHHCM X03HHCTBCHHOH .n,eHTMbliOCTH, ,n:axe CaMble 

3uaqurenLHhiC, ne Moryr cymecraeuuo cKa3aTLCH ua 

BCWIOM 6anauce; 

- ,l(nH KOHTHHCHTOB H KpyllHhi.X llpHpQIJ,HO-aKOHOMHqOCKHX 

perHOHOB, ,~(RH KOTOphiX K031{xllHUHCHT unaroo6opora Kc > 
1, IlpH OQeHKe aurponoreiiHhiX H3MeneHHH CTOKa 

ueo6xo.n:uMo yquTbiBaTL B03MOXHhle ,n:ononuurenLIIhiC 

oca,I(KH, o6ycnOB.llCHHble yBMH'ICHHCM HCJI3pCHHH 3a CqCT 

X03HHCTBeHHOH ,n:eHrenbHOCTH H ~OpMHpylOIQHe 

,ll,OJIMHHTMbHble BQll,llble pecypCN., B KaKOH-TO CTenenH 

KOMileHCHpyiOIQHe BQli,OIIOTpeOneHHC; 

.n,nH or.n.enLHbiX pauouoa u peqnblx 6acceunoa c 

HROIQ3.,li,IIMH 500-1000 TbiC. KM2 (Kc "" 1) H 3aMKHYTb1M 

BO,ll,HbiM 6anaHCOM ynenuqeuue HCnapeHHH 33. C'leT 

X03HHCTBCHHOH ,l(eHTMLHOCTH Henocpe,I(CTBeHHO rrpHBQIJ,HT 

K yMeHbilleHHlO CYMMapuoro pe'IHOfO CTOKa; B TO XC 

apeMH ~aKTOphl X03HHCTBeHHOH .n,eHrenLHOCTH, 

crroco6CTnyiOIQHe rrepepaciipe.n,MeuuiO rronepxuocmoii u 

HQ!I,3eMHOH COCTaBRHlOIQHX peqnoro CTOKa, ne MOfYT 

IIpHBeCTH K yMeHLmeHHIO cyMMapHhiX BQll,llhiX pecypcoa; 

- ,lJ,fUI MaRhiX paHOHOB H pe'lllhi.X oaCCCHHOB, f,l(e pe'IHaH 

CeTL He ,ll,pCHHpyeT IT0,1(3eMHble BO,I(hl, ue TOnLKO 

aurporroreHnhle H3MeneHHH ucrrapeHHH B 6acceune H 

H3DHTHH BO,ll,hl H3 pequou CeTH, HO H rrepeBO,I( 

ITOBepXHOCTHOfO CTOKa B Il0,1(3eMHbiH ITpHBO,ll,HT K 

H3MCHeHHlO CYMMapnoro CTOKa H fH,ll,pOROfH'IeCKOfO 

pexuMa a 3aMhiKalOIQHX cr80pax. B TaKHX 6acceuuax 

BOOOIQe B03MOXIIO IIORHOe IIpeKpaiQeuue CTOKa ITO,ll, 

MHHHHeM X03HHCTBeHHOH .n,eHTMLHOCTH. 

OcrauoauMCH 6onee .n.eranLHO na neKOTOphlx 

rrpo6neMaX H3yqeHHH H OQeHKH KORH'ICCTBCHHhiX 

X3.paKTepHCTHK fH,I(porlOrH'IecKOfO UHKna H HX ,ll,HHaMHKH 

B DlOOaRLHOM H KOHTHHeHTaRLHOM M3CliiT3.0ax, a TaKXe 

,~(RH pe'IHhiX BQII,ocOopoB, HMeH B BH,I(y B nepBylO oqepe,ll,b 

KOMHOHeHThl, CBH3aHHbiC CO CTOKOM peK H pecypcaMH 

npecuhiX BQlJ.. 

DIOIJAJILHLIR fH,WOJIOfHqEcKHO UHKJI 
Konuqecruennble xapaKrepHCTHKH rno6anLnoro 

fH,I(pOROfH'IeCKOfO QHKna OQeHHBaRHCL MHOfHMH 

HCCJle,ll,OBaTMHMH, Ha'IHHaH C KOHQa npomnoro CTOJleTHH. 

Cpe.n.u uccne,I(OBanuu, BbiiiOnnennhlx n rrocne,l(nue 

.n,OCHrunenm, cne,l(yeT OTMerurL pa6om Iiy.n,biKO (1963), 
Heuca (1967), KanunHua (1968), JlbBOBH'Ia (1974), rrl1, 
Mupoaou BQlJ,HhiH 6ananc (1974), IiayMraprnepa H Pei13MH 

(1975) HauuonanLnoro Couera no uayqnbiM 

HCCJ1e.n,onanHHM CiliA (1986), Iiepuepa u Iiepnepa (1987). 
Hau6oJlee ,l(eTaRLHble OQeHKH BCeX OCHOBllhiX KOMITOHeHTOB 

ru.l(ponoruqecKoro QHKna IIPHBO,I(HTCH n pa6orax 

pOCCHHCKHX yqenhiX, BbiiiOnueHHhiX n rrM no.n. 

pyKOBQli,CT80M B. l1. Kop3yua u A. A. Co~~:onona (MHpooou 

BQli,HbiH 6anauc H BQli,Hble pecypCbl 3eMnH, 1974), a TaiOKe 

n Monorpa~HH ueMewmx yqenhiX A. IiayMraprnepa H E. 
Peu3enH. Cpanue11ue aTux .n.annblx c nenu'IHnaMH, 

orry6nuKonannhiMH n IIocne.n.nue ro.n,bl n CiliA 

(HauuouanLnhiH coner uayqnhlx uccne.n.onanul1, 1986), 
HOK3.3b1Baer BeCLMa 3Ha'IHTMbHble p3.3J1H'IHH B OQeHK3.X 

(TaORHl(a 1). 3TO CBH,I(eTMbCTByeT, K coxaneHHlO, 00 

orpauuqennOCTH H3.liiHX 3H3.HHH .n,axe B OTHOliieHHH 

rnoOaRbllhiX xapaKrepHCTHK fH,ll,pMOfH'ICCKOfO QHKna H 

rpe6yer npone.n.enuH .n.orronHHTMLHhiX uccne.n.onarmu. 

Oco6enno BMHKH pa3JHI'IHH B 3anacax rrpecnhiX BQ!I, na 

3eMne, 'ITO CBH3ano c 6onLliiHMH Tpy.n,uocrHMH ux 

Onpe.n,MeHHH C HCITML30BaHHeM BBH,ll,y He,I(OCT3.TO'IIIOCTH 

HCXQli,HhiX ,ll,aHHhiX KOCBeHHbiX MeTQli,OB. 

Po.r!b OT,ll,MbHhi.X KOMITOHeHTOB ru.n,ponOrH'IecKOfO 

QHKna n Kpyronopore BQll.bl ua 3eMne 3aBHCHT ne TMLKO 

OT BMH'IHHhl 3anaCOB, HO H B HeMeHbilleH CTeiTCHH OT 

ITCpHO,ll,a HX HOJlHOfO B0300HOBneHHH (TaORHQa 2), 
KOTOpbiH KOJleOfleTCH B O'leHL illHpoKHX 11pe.n,enax - OT 

HCCKMbKHX qaCOB (6HOJ10fHqeCKaH BQII,a) ,ll,O IICCKOflbKHX 

ThiCH'IMCTHH (ne,ll,HHKH) H ,ll,aJKe ,l(eCHTKOB TbiCH'IeneTHH 

(nQIJ,JeMnhle RMhl). B coornercrnHH c npHne.n.ennhiMH 

,ll,aliHbiMH aTMOC~pHaH Mara B Cpe,li,HeM B03oOHOBJIHeTCH 

Ka:ac,l(hle 8 ,li,HeH, 3all3.Cbl BQll,bl B peKax MHpa - B Te'leHHe 
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'fhfi.1111 .. a 1 -IJtaoULie KOMUOUeiiTLI rJIOOuLHOrO ~po.!IOI'II'Ie<:Koro .. IIK.IIIl B KM3 DO INWJH'IIILIM BCTO'IHUKaM 

H~uouanbHW Coeem rrH. Mupooou rKWitm /ep.Manun. Jiay.Mlllpm-

Bu.o.tJ 6Q4 
no 11ay"'IIIJ.AI ua:Ae.D,oea- 6wrOJK:.1974 2. oop u ~, 1975 z. 

11URM CllJA, 1986 z. 

~e~e IIQlUI B aTM<>*pe 15500 12900 13000 
HaJ.I cymeH: 4500 3100 -
83,1.1 MOPJIMH 11000 9800 -

Oca,a,irn (rQI(ooue) 83,1.1 cymeH: 107000 l 505000 
119000 l 577000 

111000 l 
Ha,/.1 MOpliMH 398000 458000 385000 496000 

HcnapeHHe H ~cmtpa~ 508000 
orQI( ccymu 71000 

c MOPJI 434000 
3anacu BQI(LI 8a cyme 59000000 

cuer a ne,n, 43400000 
nooopxuOCTuue BQI(LI 360000 
RQI(JeMHUe IIQlUI 15300000 

BaonorwiecKall JKWl 2000 
J>e.moH: CTOK B OKea8, rQI(OBOH 36000 
3anacu BQI(LI o oKea8e 1400000000 

16 AHCH, B 03epax - B Te'ICHHe 17 JICT, ROJIHOC 

B0306HOBJICHHC OKeaHCKHX BOA npOHCXO,ltHT 

npH6JIH3HreJILHO 3a 2500 JleT (MupoBOH BQlUIIDI: 6aJJaHC, 

1974). 

O,li,HHM H3 rnaBHLIX KOMRoueurou fH.li.POllOm'ICCKoro 

UHKJla, OKa3LIBaiO~HX orpoMuoe BJlHliHHe Ha COCTOliHHC 

)KH38H Ha 3eMJ1e H JKOHOMH'ICCKOO pa3BHTHe 'leTlOOO'Ie(](Oro 

o6~eCTBa, HBJJHeTCJI pe'IHOH CTOK, HMeiO~HH nau6oJJee 

lllHpOKOO pacnpocrpaueHHe H .I(OCl'aTO'IHO BLICOKyiO CKOpocrL 

nonnoro ooao6noBJJeHHll. OueHKH CYMMapnoro rQJJ.oooro 

CTOKa peK MHp3., Ony6J1HKOBaHIIhle 33. ROCJitWllle 30 JleT H 

npuoo.~teunue B Ta6nuue 3, Kone6niOTCH B npe.~tenax oT 

36000 AO 44 700 ICM3. Hau6onee ACTaJJLHUe ouemcu, 

ROJly'leHHUC B ffl1 B 1993-94 rr. C HCROJIL30BauueM 

,n:aJJHLIX na6JIIQll,eHHH: no 6oJJee qeM 2000 fH.li.POllOrH'IOCKHM 

CTBOpaM Ha BCeX ICOHTHHCHTaX, (paCROIIO.:lKCHHe OCHOBIIhiX 

CTlliii(H}i nOKa3a.HO Ha KapTe, pHcyHOK 6) ,lJ,3.IOT BeJlH'IHHY 

nopli,I.UCa 42500 KM3 B rQJJ.. 

Pe'IHOH CTOK nOCTynaeT B OKCaH Kpait:ue 

HCpaBHOMepuO, 'ITO MO.:JKHO npQJJ.eMOHCTpHpoBaTL ,l(llHHUMH, 

577000 -
72000 71400 

505000 424700 
47565210 36020000 
24064100 27820000 

189990 225000 
23400000 8062200 

1120 -
47000=44700+2200 39700 

1338000000 1348000000 

npe,n:CTaBJlCHHUMH Ha pHCYHKe 2, nony'ICHHUMH no 

nOCJJe;umM oueHKaM rrH. B paHOHe aKBaropa B 30He OT 

10° ceBepHOH ,ll,O 10° ~OH lllHpom nOCTynaeT B OICea.H 

B cpeAUeM OKOJlO 40% ocero pe'IHoro CTOKa. Ha Halll 

B3rJJll}(, 3TH )taHHUe aa OT){MLHUC rO,l{U HJlH Ce30HU, 

nony'leunue no MaTepuanaM ua6nro.n:euuit:, MoryT 

npe,ltCTaBJlHTL 60J1LlllOH HHTepec }(JlH CRCUHaJlHCTOB, 

paapa6aTUBalO~HX MQJJ.eJlH QHJ>Ky.TUIUHH BQLl.hl B OKeaue. 

KoMnoneuTu mo6anLHoro ru.n:ponoruqecKoro 

UHKJia ,ltOCTaTO'IHO yCTOH'IHBU, O,ltHaiCO BCe .:JKC He 

ROCTOliHHU no BpeMeHH, ecJJH paCCMaTpHBaTL nepHQJJ.U 50-

lOO H 6oJJee JleT. 06 3TOM, B 'lacTHOCTH, CBH.n;CTeTIL­

CTByeT npo.n;OJl.:JKaiO~HHCH BOT y.:JKe 6onee 100 JlCT 

ROCTCRCHHIDI: nQl(LeM ypoBHH MHpoBOro OKea.Ha (pHcyHOK 

36). 4-MMapuan BCJlH'IHHa RQll,l>eMa 3a 3TOT nepHOA 

COCTaBHJla 12-14 CM, npu'leM uau6onee HHTeHCHBHUH 

npupocr ua6niO,l(lleTCH B nOCJJeAUHe 30 JleT. Be,ltY~HeCH 
BO MHOfHX CTpauax HCCJle,n:ouaHHH ROICa ue ,n:aiOT 

QJJ.H03Ha'IHOro OTOOTa Ha oonpoc 0 npH'IHHaX nOBUlllCHHll 

ypOBHH OICCaHa, XOTH 60J1LlllHHCTBO HCCJlMOBaTeJJeif 

'laoJJU._a 2- DepBlWI nOJiooro ooooouoweuua qULIX pecypcoo ua 3eMJJe (Mupoooii DOIUILiii Guauc •••• 1974) 

Br.i.tftJ 6Q4 llepUQD; 6030fJHOB.IIeiiUR 

MHpoooH: OKeaH 2500ner 
ll~MHNe ~KW>~ 1400 JleT 

llo'IJieHHan BJJara 1 rQI( 

fionnpuue JIL,IJ,IIHU H ROCTOJI8HUH CHe.lKHuH ROKpoB 9700 JleT 

10p8ue ne.~U~HKR 1600 JleT 

fi~MHNH Jle,ll, 30HU JleiiiiOH Mep3JJOTLI 10 ()()() JleT 

3anacu BQI(LI B oaepax 17 JleT 

8QIJ,bl OOnOT 5ner 
~ B pycnax peK 16 .n;oeH: 
Ilaonom'IOCKaH BQl¥l HecK.OilLKO 'laCOB 
Amoc~puan Mara 8J.Uieii 
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Th.oJJ..._a 3- ~apULIA. pC'IUOii CTOK D MHpoDOii · OKeaH DO .llauHiiiM (NWIH'IIILIX aoropoo (KM3frO.ll) 

AB11Wp lM 

Heuc 1967 
n~>ooBH'l 1974 
rnt Mupoooif DQIUINH 6aJiaHC 1974 
BayMrapmep u Peifxeni> 1975 
liepuep H Bepuep 1987 
MupoBwe pecypcw 1992 

rrw 1994 

CBJI3U:BaiOT 3TO JIBJieHHe C nOBU:illeHHeM rJI06anbHOH 
reMHeparypu: B03.JJYxa (pucyuoK 3a). HanpuMep, eme B 
1974 r. r. n. WHHHHu:M H P. K. Knure 6u:na nonyqeua 
,l(OCTaTO'IHO Ha,lleXHaH ( r = 0,94) npHMaH 3aBHCHMOCTL 
MeX,liY ypoBHeM MHpoBOrO OKeaHa H H3MeHeHHeM Cpe,liHeH 
mo6a.J1LHOH T6Mneparypu: B03,l1Yxa C 3aHa3,1Ulii3.HHeM B 19 
ner (pucyuoK 36), KOTopaH B o6meM uennoxo 
HQli,TBepx.n,aeTCH H ,l(aHHu:MH 3a nOCJle,l(HHe ,llecHTHJleHIDI. 
QluJ:aKo 4}H3H'lecKH o61>JICIIHTL 3TO ue TaK npocro, u ponL 
OT,l(eJlbH:U:X (laKTOpDB, BnHJIIOIUHX Ha ypoBeHL MHpoBOrO 
oKeana npn rno6anLHOM norenneuHH, ,llaJleKo ue oqeBH,l(Ha 
H TpOOyeT ,llaJlLHeHUIHX TlllaTMbUU:X HCCJJe,l(OBaHHH. fu, 
B o6o6meuHHX Mr3MK (Climat Change. The IPCC 
Scientific Ace. 1990) npHHHMaerCH, 'ITO npuMepuo 40% 
ocero nouu:IIIeHHJI ypoBHH a a nocne.n:uue 100 ner 
npoHCXQli.HJlO aa cqer repMuqecKoro pacrnupeuHH, eme 
40% - 3a C'leT 6onee HHTeHCHBHOfO TaJIHHJI ropHU:X 
Mli.TepHKOBU:X Jle,l\HHKOB H 20% - 3a C'leT yMeHLilleHHJI 
J16,l(JIHOf0 HOKpOBa JPennaH,l(HH. fio MOeMy MH6HHIO, 
BTOpaH npH'IHHll BeCLMa COMHHTeJlLHll, nOCKOJlLKY HHKaK 
ne JIQli,TBepx.n,aeTCH ,l(llllliU:MH llllOJliO,lleHHH Ha).( CTOKOM 
peK MHpa: 3a nOCJle,l(HHe 50 JleT CYMMapHU:H CTOK peK 
MHpa ne HMeeT 3aMeTHOH TeH,l(eHQHH K YBMH'leHHIO 
(pHCynOK 3r), KaK 3TO ,ll,OJlXHO Ou:JIO OU: HM6Th MecTO npH 
6oJlee HHTeHCHBHOM TaJIHHH Jle,l\HHKOB B 6aa::eiinax peK. 

Mano roro, CKopee cne.n:yer oxu.n:an B 
nOCJle,l(HHe ,lleCHTHJleTHJI yMeiiLUieHHJI pequoro CTOKa B 
Mupe 3a C'leT HHTeHCH(lHKaUHH X03.11HCTBeHHOH ,l(611Tt'J1L­
HOCTH 'IMOOOKa H, B 'lacTHOCTH, pocra BQli,OJIOTpOOJI6HHH. 

Bu:nonueuuu:e B rrM HCCJle,l(OBllHHII ,l(HHaMHKH 
OC®norpe6neHHH B Mope (Shiklomanov, 1991) ua pa3JlH'IHble 
xoanH:cTBeuuu:e uyx.n:u: aa 1900-2000 rr. noKaaanu 
(WHKJIOMlllOB H Mq.cooa, 1987), qro Iml6o.rtee mrreliCHBflbiH 
pOCT BQli,OHOrpe6JleHHH HMt'Jl MecTO, Ha'IHHa.R C 50-X rQl(OB 
Te~cyiUero CfOileTHII (pHCyHOK 4, ra.6n. 4). Ecnu c 1900 no 
1950 rr. npupocr I'Q'JPooro Q>JIOTpe6neHHH o MHpe a:x::raBHl1 

~rnro 780 KM3, ro aa 10 ner (c 1951 no 1960) - 630 KM3, r.e. 
HlffeHCHBliOGI' npHjJOCia ~ 6anee 'ICM B 4 paaa. B 
nOCJle.JJYIOIIJ,He rQllu: npupocr BQll.onorpe6neHHH eme 6onee 
yBMH'IHBaJICJI H COCTaBJl.IIJl B UMOM no 3eMIIOMy rnapy 
700-1000 KM3 aa KaJK,ll,lle 10 ner. B 1990 r. cyMMapnoe 
roi.Qoorpe6JieHHe B MHpe mcraBHJ10 4100 KM3 B rQ'l, (npHMepuo 
10% OT f4ff,OOOfO CfOKa peK). fipH 31DM 65% nOfiHOf'O H 87% 
6e3003!lp3.'fll0f0 JQ11;0llOTIJOOJleHHH B MHpe aa6upaer Ct'JlLCKOO 
xoai!Hcroo (rnaonu:M o6paaoM opomeuue); npHMepno 60% 
o6mero MHpOBOfO BO,l(OJIOTpeoneHHH H OKOJlO 70% 
6eaooaoparuu:x norepL BQllU: npHXQllHTCH ua AauiO, r.n:e 

JMooou cuwK, K.Ji /lO,ll, 

39600 
38900 
44500 
37700 
37400 
40790 
42700 

pacJIOJJa.ralOI {)(]J()BIJJ,IC opomaewe aeMJIH. 'ThKHM o6pa30M 
yxe B H3CJ.'()JIIUee upem ~ npecHbiX q ua'IHnaer 
OKa3u:BaTL 3iiMffiHOO ~eHcmue na KOMIIOueliThl mo6am.uoro 
ru.n:ponorH'lecKoro UHKJla, B nepcneKTHBe 6nuxaH:rnHx 
.liOCHTHJieruH aro IIJ1IDiliHe eme 6orree )CHJlHTCJI, u myqeHHe 
3THX npouea::oo npe.n:CTaBMeT co6ou cepLeanyiO uay'IHyiO 
npo6neMY. 

IOoopH o B03Moxnwx n nepcneKruoe uaMeueHHnx 
fJlOOaJlLHOfO fH,ll,pOnOfH'leCKOfO UHKJla, H6nL3JI ne 
KOCHYTLCH npo6neM, cunaauuu:x c aurponoreunu:M 
norenneHHeM KJlHMaTa, OOYCJ10BJ16HHU:M pOCTOM 
KonueurpauuH B arM~pe C02 H .n.pyrux «napHHKOBHX» 
raaou. 3ru npo6neMu: ooo6euuo 6ecnoKOHT rH,llponoroB, 
nOCKOJlLKY BQllHU:e CHCTeMU: cymu O'leHL 'IYBCTBHTt'JlLHU: 
,l(a:lKe K He3Hll'IHTMLHU:M H3MeHeHHIIM KJ1HMaTH'l6CKHX 
xapaKrepucruK u neMe.n:neuuo, 6ea aa.n:ep:lKKH ua nux 
pearupyiOT. EcrecTOOHHO, 'ITO ,ll,Jlll OQeHKH KOMHOH6HTOB 
fJlOOaJli>HOro fH,llpOJIOfH'lecKOfO UHKJlll na nepcneKTHBy, 
TaK Xe KaK H ,ll,Jlll HJlaHHpoBaHHH HCJIOJ1L30BaHHH BQli,Hu:X 

pecypcoo, Kpauue ueo6xQllHMO yquru:oarL B03Moxnu:e 
aurponoreunu:e H3MeneuuH rno6anLuoro KnuMara. 
O.n:uaKo a.n:ecL MU: uenocpe.n:croeuuo cranKuoaeMCH c 
HpoOJleMaMH Hll.,l(eXUOCTH H ,l(OCTOBepHOCTH nporH03Hpo­
BaHHH KJIHMaTH'leCKHX H3M6H6HHH, HJlH C TaK Ha3U:Ba-
6MU:MH KJlHMaTH'leCKHMH CQeHapHIIMH 6y.n:ymero, OT 
KOTOpbiX maBHU:M o6pa30M H 3aBHCJIT nonyqaeMu:e 
BU:BO,l(U:. fiocne.n.uee nerpy,liHO noKa3aTL, CpaBHHBa.R 
peaynLraru: ouenoK uaMeneHHH: 6y.JJYmux KJlHMaTH'lecKux 
xapaKrepucrHK u cyMMapuoro pequoro croKa .n:nn 
xapaKrepuu:x peruouoB MHpa, ucnonLayn cueuapuu, 
JIOJly'leHHU:e no JlY'IUIHM MO,ll,MIIM o6meu U:HpKynHUHH 
arMoc(lepu: u no naneOKJlHMllTH'lecKHM auanoraM. Ha 
pucyuoKe 5 noKaaaiiu: B3HTu:e H3 orqera Mr3l1K 
(Climat Change. The IPCC Scientific Ace. 1990) Kpynuu:e 
peruouu: Mnpa, H .n:nn Kax.n:oro H3 nux onpe.n:eneuu: 
H3MeHeHHII KnHMllTH'leCKHX xapaKTepHCTHK no TpeM 
MO,l(eJ1.RM o6rneii UHpKyJlHUHH a TMOC(lepu: (.n:auuu:e 
Mf3MK) u no nocne.n:uuM nporuoaaM npo(l. M. 11. 
DY.l\U:KO (ffl1), OCHOBaHHbiM ea naneOKJ1HMaTH'l6CKHX 
auanorax (ra6nuua 5). Ha ocuooauuu 3THX 
KJlHMaTH'IOCKHX ,l(llHHHX ,ll,Jlll KllX,l(OfO perHOIIa no Qli,HOH 
H TOH xe MeTQli,OJlOfHH rrl1 paCC'IHTaHU: B03MOXHU:e 
H3M6H6HHII CYMMapHOfO pe'IHOfO CTOKa (nOCJle,l(HHe rpa(lu: 
ra6nuu:u: 5). 

Herpy.n:uo aaMeTHTL, 'ITO .n:nn 6onLrnuucroa 
perHOHOB Bu:BQll,u: pa3nH'laiOTCH ne TOJlLKO no Bt'JlH'IHHe, 
no u no uanpaoneiinocru npoueccoo B03Moznu:x 
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H3MeHeHHH, T.e. OU:eHICH Ha 6y,llyio:ee HMeiOT O'leHL 

60JILIIIYIO neonpe,lle.TieHHOCTL H BO MHOrOM 3aBHCHT OT 

npHnHroro cn:enapHH. 

Cne,llyer orMeTHTL, 'ITO cn:enapH:H, ocnoBannhi:H 

na HaJleOICJIHMa TH'IeCKHX ,lla_HHLIX, ,llaeT BeCLMa 

OnTHMHCTH'IeCKYIO KapTHHY pe3KOro yBMH'IeHHH npH 

rJJ06aJJLHOM norenJleHHH r~OBLIX OCa,llKOB B pa:Honax 

He,llOCTaTO'IHOrO YBJJUCHeHHH, 'ITO ne KOppecnOH,llHpyeTCH 

CO CU:eHapHHMH, OCHOBaHHLIMH Ha MO,lleJJHX 06Io:eH 

· U:HPKYJJHU:HH aTMOC~pLI npH Y.IlBOeHHH KOHU:eHTpaU:HH 

C<h B CBJ13H c npHBe,lleHHLIMH B m6JJHU:e 5 ,lllUIHLIMH, no 

MOOMy MHeHHIO, rnaBHaH OOBpeMeHHaH npo6JleMa OU:eHKH 

B03M01KHLIX H3MeneHHH rno6aJJLHOrO rH,llpoJJOrH'IOCKOrO 

~ICJla, KOTOpaH CTOHT nepe,ll rH,llpGMeTOOpMOraMH MHpa 

- paapa6oTKa ,llJlH pa3JlH'IHI:llX perHOHOB 3eMJJH Ha,lle1KIILIX 

npornoaou xapaKTepucrHK 6yJlYID:ero KJlHMaTa, npe11C,lle 

ocero OC3JUCOB H reMUepazypLI B03JlYXa. 

H3MEPEHHJI fH.li:POJIOfH'IECKOfO UHKJIA B 
KUHTHHEHTAJILHOM MACUITAIJE 

BMH'IHHLI KOMnonenroB rH,llpoJJorH'Iectcoro U:HKJla .IlJlH 

TeppHTOpHH KOHTHHeHTOB UpHBO,llHTCH B pa6orax 

pa3JJH'IHLIX auropoo aa nocJJe.IlHHe 30 JJeT. HaH6oJJee 

nOJIIILie H ,lleTeJILIILie OU:eHKH npe,llCTa.BJleiiLI B .IlBYX yxe 

ynOMHHYTLIX BLIIIIe KanHTaJlLHLIX MOHOrpa~HHX, 

ony6JlHKOBaHHLIX npHMepHO 20 JleT lla3a,ll pocCHHCIGIMH 

(MHpOBOH BO,llHLIH 6aJJaHC ... 197 4) H HeMeU:KHMH 

(EiaYMrapTllep H Pe:HxeJIL, 1975) y'leHLIMH. Ao naCTOHID:ero 

BpeMeHH 3TH ,li,3.HHLie IIIHpoKO HCIIOJlL3yroTCH B MHpe KaK 

naH6oJJee Ha,llexnLie. Ouwco Cpa.BHeHHe HX (m6JJHu:a 6) 
noKa3LIBaeT BeCLMa neCCHMHCTH'IeCKyiO tcapTHHY -

pa3JlH'IHH no OT,lleJILHLIM KOHTHHeHTaM ,llOCTHraiOT 17-20% 
,llJlH OCa,llKOB H 32-40% ,llJlH pe'IHOrO CTOKa. 3TH 

pa3JlH'IHH 06'LHCHHIOTCH maBHLIM o6pa30M cnoco6aMH 

y'leTa nonpaBOK K H3MepeHHLIM OCa,llKaM H MeT~aMH 

OU:eHKH BeJlH'IHH pe'IHOrO CTOKa - B pOCCHHCKHX 

HCCJle,llOBaHHHX CyMMapHLIH pe'IHOH CTOK Onpe,lleJIHeTCH 

Henocpe,llCTBeHHO no ,llaHHLIM Ha6JliO,lleHHH Ha 

rH,llpOJIOrH'IOCKHX CTaHU:HHX, B HeMeU:KHX - KOCBeHHLIM 

nyTeM no pa3HOCTH BeJIH'IHH OCa,llKOB H HCnapeHHH. 

llocJJe,llHHH nO,llXO,ll, ecrecTBeHHO, ,llaer 60JlLIIIHe 

norpeiiiHOCTH o pa.H:ona.x ne,llOCTa.TO'IHOro yMUCHeHHH. 

CJJMyer OTMeTHTL, 'ITO naH6oJJee na,llexnLie 

,llaHIILie no pe'IHOMY CTOicy C KOHTHHeHTOB (cpe,llHHe H no 

rQMM C 1920 no 1985 rr.) nOJiy'leiiLI B rr11 B 1994 r. C 

HCnOJJL30BaHHeM MaTepHaJJOB Ha6JliO,lleHHH ,llJlH 6oJJLIIIOro 

KOJlH'IeCTBa CTaHU:HH (OT 200 .IlO 600 ,llJlH OT,lleJILHLIX 

KOHTHnenroo). OnH OTJlH'IaiOTCH or pocCHH:CKHX MHIILIX 

1974 Ha BeJIH'IHHLI OT 1 ,llO 10 (m6mw:a 7). 
AJJn ou:enKH BJJHHHHH xoanH:cTBenno:H 

,IJ,eJITeJlLHOCTH Ha rH,II,pOJJOrH'IOCKHH U:HKJl KOHTHHeHTOB C 

HCnOJlL30BaHHeM 6oJJLIIIOrO KOJlH'IOCTBa HCXQli.HLIX ,llaHHLIX 

JIO MHOrHM CTapHaM MHpa H KOCBeHHLIX MeTO,II,OB paC'Iera 

BLIHOJIHeHo HCCJJe.n,oBaHHe .IlHHaMHKH aa re~cymee cTOJJeTHe 

BQIJ:OnOTpOOJleHHH Ha OpOIIIeHHe, CeJ1LCKOX03HHCTBeHHLie H 

npoMLIIIIJJenno-KOMMynanLnLie nyx.n,LI, a ratcxe aarpar 

BQIJ.LI na .n.onOJIHHTeJILHoe HcnapeHHe c BQIJ:OXpa.HHJJum. B 

pe3yJlLTaTe HCCJle,llOBaHHH ,llJlH Ka11C.n,OrO KOHTHHeHTa 

JIOJly'leHLI BeJJH'IHHLI nOJlHOrO H 6e3B03BpaTHOrO 
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'llloJmna 5 - Amponoreuuwe mMeueuuR moGur.uoro uHMaTa u cym~apuoro pe'luoro croKa llJUI xapaKTepuwx 
pei'HODOB MHpa (palJIB'IHYC cnenuapBH Ha 2020-2030 IT.) 

lW.wH NQ Cl48HOPUU 

Uemp Ceuepuoii AMepHKH rn1 
1 ccc 

GFDL 
11KMO 

IOro-Bocro'IHCUI AaHJI 2 rr11 
ccc 
GFDL 
11KMO 

CaxML 3 rr11 
ccc 
GFDL 
11KMO 

IO)I(HaJI Eupona 4 rr11 
ccc 
GFDL 
11KMO 

ABCrpaJTHB 5 rr11 
ccc 
GFDL 
11KMO 

BQli;OnOTpe6.rteHHB. lloc.rte)UIHe npe.ll.CTaBJUUOT Ha.H6om.lllml 
mrrepec ,li)UI aHa.rtH33. H3MeHeuml KOMllOHeiiTOB rH)I.po.rtOrH­
qeCKOrO UHK.rta. ,llJUI KOHTHHeHTOB, r.n.e KOafMlHUHeiiT 
B.rtaroo6opora Kc > 1, BeTIHmnu 6eaooaupariioro BQli.O­
no'I')JOO.rteHHB ua X03HHCTOOlliJHe IIY)K)I.LI MOryT npHBeCTH K 
H3Menemno BOOX. OCHOBIIHX KOMHOUeHTOB rH)I.po.rtOrHqecKOro 
UHK.rta: OC3,ll,KOB, HCHllpeHHJI, pe<IHOrO CTOKa; ,lleHCTBH­
reriLHO, ecJ1H yqeGI'L, 'lTO OOaBOOopaTHOO JlW)JIOTpe{5.rteHHe JIO 
cymecmy n~ ooOOH ,ll,OilO.J1Hifl.'MLHOO urnapemie, TO, 

cornacuo oomeii reopHH B.rtaroo6opom, nOC.rte,ll,llee 6y.n.er 
cnoco6crnoBaTL HeKOTOpDMY yBeJlHqemno OGIJI.KOB, qro ,li,JIH 

OT,ll,eTILHblX KOIITHHeHTOB MO)KeT B 3HamTe.rtLHOH creneuH 
KOMnenCHpoBaTL 3aTpil.Thl pe<IHOf'O CfOKa Ha X03JIHCTOOHlllle 
ny)K,11,1:L llpHO.rtJ.I)KeHHhle oueHKH 3TOro 3Cil(leKTa ,li,JIH ocex 
KOIJ.THHeTOB, BLIIIOJllleHIIble B rri'J C HCJIOJlLJOm.mreM ~. 
paapa6orauuoro niX*. 0. A. .l(poa.n.oohl.M, npHoe.n.enhl. B 
Ta6.rtHUe 8. Cornacuo 3THM oueiOOIM, B pe3YJ1LTare ~QJ.onar­
pe6.rteHIDI ua xo3.11HcmeHIIhle ny)K)I,bl yrerJW~eime cyMMapllbiX 

OOl,li,KOB B Eopone, A.3HH H CeoopuoH: AMepHKe OOCiaBHT ua 
ypDOOHL 2000 r. OT 65 /1{.} 116% OT OOOTOO'fCTByiOilUiX BeJlHqHll 

OOJBOOopaTHOro JQJ,OI10Tp00.rteHIDI. ,l(OilOIUJiffeTILHhlH CfOK npH 
3TOM cocra.BHT OT 17 /1,0 34% C)'MMapHOf'O OOJBOOBpil.TIIOf'O 
BO,li,OllOTpe6.rteHHJI, T.e. KOMneuCaUHJI 3aTpaT BO,ll,hl. Ha 
xo3JIHcrBeHIJHe H)')K.ll.h1. OY/J.eT OOCbMa ana'llfrellhHOH. qro )Ke 
KaCaeTCJI BeJIJ.IqHH H3MeueHHH OCHOBHblX KOMllOHeHTOB 
rn.n.ponorwreacoro UHK.rta, ro oHH ue CfOJlL cymecroemlhl.: 
yaeiiH'IeiiHe rQIPBLIX OGIJI.KOB mcraBJU!eT HO KOIITH!IeHTaM OT 0 
,ll,O 4%, yMeHLllleHHe rQ!(ODOrO croKa OT 1 ,li,O 10%. 

.l(.rtH OUeHKH B03MOJKHhl.X H3MeHeHHH rH,ll,pO.rtO­
mqecKOrO UHK.rta ua 60Jlee or.n.a.rtennyiO nepcneKTHBY B 
rrepByiO oqepe,li,L neo6xQ11.HMO yqHThl.BaTL anrporrorenuhl.e 
H3MeiieHHJI rJlOOa.rtLHOrO KJIHMaTa; cueuapHH 3THX 

T°C llPZQ4, llR za4 

3UMa .llemD % UJIUMM MM % 

3 2 50 MM 26 10 
4 2 -2,5% -43 -17 
2 2 10% 28 11 
4 3 0 -40 -16 
0,5 0 200MM 140 16 
1 1 0 12 1,5 
2 1 5,0% 31 4 
2 2 15% 118 14 
0 0 250MM 20 62 
2 2 ·5,0% -10 -31 
1 1 0 -1,0 -3 
2 1 0 -5,0 -16 
2 1 170MM 60 23 
2 2 -10% -80 -31 
2 2 5,0% -29 -11 
2 3 -7,5% -75 -29 
0 1 210 MM 26 54 
1 2 7,5% -2,0 -4 
2 2 2,5% -2,0 -4 
2 2 5,0% -1,0 -2 

H3MeHeHHH, no.rtyqennhl.e pa3.rtHqRhJ.MH COBpeMeHHhl.MH 
MeTO,ll,aMH, KaK yJKe yKa3hl.Ba.rtOCL Bhl.IJle, BeCLMa 
paanopeqHBhl., fi03TOMY B uaCTOJIIQee BpeMJI KaKHe-TO 
.n.ocraroqno /l.OCTOBepnhl.e ouenKH no KOHTHnenraM 
nOJlyqmL neooaMoJKHo. ThM ne Meuee, qroohl cy,li,HTL o 
ITOpH,li,Ke BeJlHqJ.tH, 0 KOTOpbiX MOJKeT H,li,TH peqb, B. ffJ1 
6hl..rtH BhlnoJiuenhl. (lliHK.rtOManoo, Iia6KHH, 1992) 
npH6.rtHJKenllhl.e pacqeThl. B03MO~ mMenenHH oca.n.KOB 
H pequoro CTOKa KOHTHHeHTOB npH rJlOOa.rtLHOM 
noren.rteHHH ua 1 H 2°C no na.rteOK.rtHMaruqecKOMY 
cueuapHIO npow. M. 11. Iiy/l.hl.Ko, peay.rtLTaThl Korophlx 
npHOO.n;enhl. B Ta6.rtHUe 9. KaK C.rte/J.YeT H3 ra6.rtHUhl. npH 
norerr.rteHHH ua l°C H3MeneHHe cpe,li,IIHX no KOHTHHenraM 
oca,li,KOB COCTaBHT OT 5 ,li,O 20%; H3MenenHe rQli,OBOro 
CTOKa peK OT 75 (Eupona) ,li,O 22% (A3HJ1). Bhlllle 
ynOMHnanocL, qro nor cueuapHH: .n.aer oqenL 
onTHMHCTHqecKHH npornoa auaqHTeJILnoro yBeJlHqenHJI 
oca.n.KoB B panouax ne.n.ocraroquoro yB.rta]!(nenHH 
npaKTJ.tqeCKH BCeX KOHTHHeHTOB, KOTOphl.H He 
no.n.roepJK.n.aercn cueuapHHMH, 6aaHpyiOIQHMHCH ua 
MQll,ertJIX OOIQeH UHPicyJUIUHH aTMoof>ephl. 

fiOMHMO KOHTHHeHTOB, ana.rtH3 3.rteMeHTOB 
rH.D.po.rtOrJ.tqecKoro UHK.rta Ohl..fl Bhl.HOJlneu ,li,JlH 26 Kpynuhl.X 
rrpHpQ11.H0-3KOHOMHqecKHX perHOHOB MHpa (oT .li.BYX ,li,O 
BOCLMH B npe.n.MaX KaJK,li,OrO KOHTHHeHTa), HMeiOIQHX 
CXO,li,Hhl.e c{lH3HKO-reorpa(lliqecKHe YC.TIOBHH H 

3KOHOMHqecKoe pa3BHTHe (Shiklomanov, 1990). CxeMa 
paCllOJlOJKeHHH perHOHOB fiOKaJaHa Ha pHCYHKe 6. .l(.rtJI 
KaJK.n.oro perHona Ohl..rtH onpe,ll,e.rteHLI ocnoonhl.e 
rH,ll,pOKJIHMaTHqeCKHe xapaKTepHCTHKH H ,li,HHaMHKa 
X03JIHCTOOHHOrO HCnO.rtL30BaHHJI npOCHblX BO,ll,, KOTOpLie 
H3MeHHIOTCH D oqeHL 60JlblllHX Hpe,ll,ellax: CTOK - OT 17 
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,IJ,O 1500 MM, HCIIOJlb30BaHHe ero Ha X03lliiCTOOHHble IIY:lK,Il,bl 
or 1 .l(O 75%. Ha cxeMe (pHcynoK 6) JJ.JlH Ka)(()(oro 

pemoua npHoo,IJ,eua BeiiH'IHHa cyMMapnoro pequ:oro CTOKa 

(n KM3frOJJ.), npoueHT HCHOJlb30Ba.HHH BOJJ., KaK omomenHe 

OOIQCfO BQIJ;OHOTpe6nenHH K eyM~apHOMY CTOKJ. 3,/J,OCb 

JKe HOKa3anu OCHOBHHC fHJJ.pOJlOfHIIJ:CCKHe CTanQHH, 

KOTOp.~>~e HCHOJ1b30Banu B rr11 ,IJ,JlJI OI.ICHKH BMHIIJ:HH 

pequ:oro croKa. . 

AuanH3 nonyqeuHI.rx ,IJ,auuux (lliHKJlOMauon, 

1988) H03BO.IlHJl ycTaHOBHTh HpHOO,IJ,eHHHC Ha pHCyuKe 7 
na,IJ,eJKnHe 3aBHCHMOCTH CTOKa H YJJ.MbHOfO (Ha QlUIOfO 

JKHTCJlJI) 6e3B03BpaTnOfO BO,IJ,OHOTpe6neHHJI OT 

HnTCfpaJlbnOrO KJlHMaTHIIJ:OCKOf<RJIOKa3aTMJI - HH,IJ,eKca 

eyXOCTH, Bhl)>3.JKCHHOfO B BHJJ.e LP (Ro - pa}J.HaQHOnHIDi: 

6a.Jlanc, P - O<:a,lU(H, L - YJJ.MbHaJI reMOTa HCnapenHH). 

fipH 3TOM C YBMHIIJ:eHHeM HH,IJ,CKCa CYXOCTH Cpe,IJ,nJIJI 

BMHIIJ:Hna peqnoro CTOKa yMenLmaeTCJI, a YJJ.Mbnoe 

BO,IJ,OHOTpe6nenHe YBCJlHIIJ:HBaeTCJI. J1MCHHO 3TH 

06CTOJITeJlbCTBa 061JJICHJIIOT ,IJ,Ba BaJKnHX BHBO,IJ,a B 

OTHOIIIenHH OO,/J,oo6ecneqenHOCTH H B0/1,0HOTpe6JJenHH B 

MHpe: 

HOCTOJinno paCTYIQHH JJ.e41HUHT BQIUIHX peeypcon BO 

MHomx pemouax MHpa; 

B yCJlOBHHX HHTenCHBHOH X03JIHCTBCHHOH 

,IJ,CJITMbHOCTH BJlHJinHe KJlHMaTHIIJ:eCKHX •aKTOpOB na 

BOJJ.oo6ecneqennocTb ne ocna6enaer, a nao6opor 

y&enH~~J:HnaercH, oco6eHHO n panoHax neJJ.OCTaroquoro 

yBJ1aJKnenHJI; OnH OHpC,IJ,eJlJIIOT He TOJlbKO BMHIIJ:Hny 

ecrecTBenuoro pMnoro croKa, HO H n 3Ha~~J:HTMbHOH 

Mepe CTCHCHb ero yMenblliCHHJI 3a CIIJ:CT ,lJ.CJITMbHOCTH 

IIJ:MOOOKa. 

AnH oueHKH BJJHHnHH BOJJ.onorpe6nenHJI Ha 

KOMHOHCHTH fH,IJ,pOIIOfHIIJ:ecKOro QHKJla KpyHHHX UpHPOJJ.H0-

3KOnOMHIIJ:OCKHX perHOHOB, HMCIOIUHX HJlOIQll,IJ,H OT 2 ,IJ,O 9 
MJln. KM2, TaK JKe KaK H }J.JlJI KOnTHneHTOB, HeOOXO/l,HMO 

YllfHTHBaTb B03MOJKHOCTb neKOTOporo yBeiiHIIJ:CHHJI O<:a,lU(OB 

3a CIIJ:CT ,IJ,OHOJlnHTMbHOfO HCnapeHHH npH X03JIHCTBennOM 

HCUOJlb30BanHH (lliHKJlOManon, 1989) BO,IJ,. fipH6JlH­

JKenHHe OQenKH, BHUOJlHCHnHe ,IJ,JlJI perHOnOB MHpa C 

pa3BHTHM OpOWCHHCM H HpHBe,IJ,enHHC B Ta6JlHQe 10, 
HOKa3aJlH, IIJ:TO K KOnQy CTOJleTHJI 3,/J,eCb BeJlHIIJ:HHH 

003B03Bpamoro BO/l,OHOTpOOJlenHH na 10--40% MOfYT 6HTb 

KOMHeHCHpOBanH CTOKOM, ~OpMHpOBannHM ,IJ,OUOJlnH­

TMbHHMH OCa,IJ,ICaMH. ThM ne Menee B HeKOTOpHX HX 3THX 

perHOHOB pa3BHTHe OpOmenHJI 6y,IJ,eT CHOC06CTOBaTb 

YMeHbmeHHIO CYMMapnoro pequ:oro CTOKa ,IJ,O 20-30 H ,li,3.JKe 

75%. 
Bee npHBe,IJ,ennue ,IJ,annue nonyqenu JJ.JlH 

ycnonHii crauHonapnoro KJlHMaTa. Hccne,IJ,onanHH 

UOKa3HBalOT (lliHKJlOManOB, J1HH3, 1991), IIJ:TO perHOHhl C 

He,IJ,OCTaTOIIJ:nHM YBJlaJKneHHeM OIIJ:enb llfYBCTBHTMbHH 

,ll.aJKe K BeCbMa ne3HaiiJ:HTeJlbHHM H3MenenHJIM 

KJlHMaTHIIJ:eCKHX xapaKTepHCTHK, o6yCJlOBJlennHM 

nporuo3HpyeMHM rno6anbHHM norennenHeM. llonumeHHe 

TeMnepaTypH B03,ll.yXa na 1 °-2°C H yMeHbiiienHe OCa,IJ,KOB 

na 10% MOfYT npHBOCTH 3,/J,OCb K yMeHbiiieHHIO fO/l,OBOfO 

HJlH ce3onnoro croKa JJ.O 40-70%. AnH apHJJ.nux H 

CeMHapH,IJ,nHX perHOnOB Hp06JleMa yqera BJlHJinHH 

B03MOJKnoro rno6anbHOro norenneHHH na pequoii CTOK H 

BQIJ;OHOTpOOJlenHe CTOHT OC06eHHO OCTpo. 
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fH)lPOJIOfH1JECKH8 UHKJI B DPE)lEJIAX 
PE1JHLIX BO)lOCIJOPOB: POJIL AHTPODOfEH· 
HL1X IMKTOPOB 

Pe'lnue BQIJ.oc6opu - ocuoBuoH: o6»eKT uccJJe,n;oBaHHH: 

rH,li,JXlllOrHH cyum, ecrecrneHHo DOOTOMY, 'ITO rH,ll,panorn­

'lecKHH UHKJI ,l(JUI pe'IHWC BQIJ.OC60p0B UpHIIJITO C'IHTaTh 

HaH6oriee myqe~~HI&. Oco6elill0 31'0 K.aC.aei'CII ecrecmeHIIID{ 
KOJIOOamlii ero KOMJlOOOIITOB: <X3,ll,KOB, H<llllpeHHJI, CI'OK3. H 

.np; Opu HllJIH'IHH ,l1)11ffeJThlll:lX pJJ..llOB na6JUO.ll.eHHH: ,il,JUI HX 

oueHKH lliH)JOKO npHMeHJIIOI'Cil Me'I'C».bb TOOpHH OOJX>.IITHOCI'H H 

MaTeMaTH'IecKOH CTaTHCTHKH, npH He.li,OCTaTO'IHOCTH HJIH 

OTCYTCTBHH ,1\aHHWC HCHOJih3YlOTC.II MeTQIJ.hi auaJJOfHH, 

pa3JlWIHOro Jl<¥1.3. MQ'J.errn: H 3MJIHPWie.CEHe c{lopM)mhi. 

Do.nee CJJO.JKHa npo6neMa BJJHJIHHJI a.IITpOnoreHHWC 

t{rucrOpoB ua rH.l\pDJIOrn'lecKHH UHKJ1 pe'IHhiX qod)opoB, na 

'leM .11 H XOTeJl 6bl OCTIIHOBHThCH JIQ'I.pOOHOO Ha OCHOBaHHH 

peJ)m>TaTOB KOMJlJieKCIJ.biX HCCJIC)(OmHHH, DOJI}"'eHHhiX B ITH 

Ja nOCJJe.n;HHe 20 .rteT .lJ)UI reppHTOpHH 6h!BIIIero CCCP. 
J1a::JJe,H,OB3J10Ch BJ1HJIHMe Ha rH.l\pollOf11'IEl00il{ UHKJ1 

CJle,llyiOIUHX IJ)aKTOpOB X03.11HCTBeHHOH ,n;eHTMhHOCTH: 

OpOIIIeHH.II H OCyrneHH.II, BO)(OXpaHHJlHIU H npy,I\OB, 

arporeXHH'IecKHX MeponplffiTHH:, Bhlpy6KH H 110C3JU(H JlOCCI., 

HpDMbllliJleHHO-KOMMyHaJJhHOfO H CeJlhCKOX03HHCTBeHHOro 

BQli.OCua6xeuHn; 6biJ1 co6paH orpoMHhiH MaTepHan no 

~HKe X03.11HcTOO!illOrD OCBOeHHJI BQll,oOOopDB 3a HpDIIIJlhle 

rQ'I,hi H JUillHhl Ha 6y.n;ymee, pa3pa6onm KOMJlJleKC MeTQli,OB H 

MaTeMaTH'IeCKHX MO,lleJleH ,1\Jl.ll OUeHKH BJlHJIHHH 

aHTponoreHHbiX c{laKTOpoB Ha rQII.OBOH, relOHHhiH H MeCR'IHhiH 
croK peK, pacnonoxeHmu B pa3JJH'IHhiX (>H3HKO­

reorpru{IH'Iearnx yCJIOBH.IIX. 0TMerHM, 'ITO DpHMeHifl'ellhHO K 

pe'IHbiM BO,I\OC60paM, . ,ll,JlH KOTOpbiX K034)4})HUHeHT 

Bnaroo6opora, BJlHHHHe aurponoreHHhiX IJ)aKropoB 

CKa3biBaeTCJI ua H3MelleHHH HCilapeHHJI H CTOKa, ero 

llOBepXHOCTHOH H HQll,3eMHOH COCTaBJlJIIOIUeH; BeJlH'IHHhi 

OC3,ll,ICOB npH 3TOM ue nperepneBaiOT JaMeTIIbiX H3MeHeHHH. 

Ha pHeyHKe 8 nOKaJaHa ,1\HHaMHKa. yMeHhrnenHH 

rO.llOBoro croKa Kpynum peK 6uniiiero CCCP Ja C'leT 

KOMUJleKca 4j)aKTOpDB X03.11HcTOOHHoH ,l(eJI'I't'JThHOCI'H C 1936 HO 

2000 rr. (lliHKJJOMaHOB, 1989). 3To peKH, lJQ'J.IIhie pecypCbi 

KOTOphiX HaH60J1ee HHTeHCHBHO HCUOJ1h3YIOTCH Ha 

XOOHHCTBeHIIhle uyJK,ll.bl, YMemrneHHe CI'OK3. .HallO B KM3 B rQ1I,. 

Cornacno npHOO)I.eHHhiM ,mlllllbiM, m ypooom 1990 r. rQIJ.OBOH 

CTOK pJI,ll,a KpynllhiX peK 6b1Brnero CU::P, pacllOJIOXeHllbiX B 

paHOHaX HHTeHCHBHOfO X03JIHCTBeHIIOf0 HCllOJlh30B3.HHH, 

yMeiibiiiHJlCH 3a C'leT KOMUJleKca a.IITpOHOreHllbiX 4)aK'I'OpoB )(0 

20-40% (Bcmra - na 8%); yMemrne!IHe CTOKa GipLJ,apLH H 

AMy,napLH, llll3,lJ,alOIUH B ApanLCKOe MOpe, ,l(()CTIIDlO 85-90% . 
.l(nH 6oJJLIIIHHCTBa KpynnhiX peK ocuOBHhiM IJ)aKropoM, 

cnooo6crByiOIUHM yMemrneiiHIO CTOKa, JIBJlHeTCH opornaeMoe 

3eMJie,l(eHHe, BTOpaH HO 3Ha'IHMOCTH pDJlh HpHHa)(JleXHT 

ooopyxeHHIO H SKCriJiyaTaUHH 0CW>Xpa.IIHJ1HIU. 
Hccne.li.OBaHHJI noKaJaJJH, 'ITO BOJ)(eH:crBHe 

aHTponoreHHhiX 4j)aKTOpOB Ha fH,llpDJlOfH'IeCKHH UHKJl B 

3Ha'IHTeJlhHOH CTeneHH 3aBHCHT OT MeTeOponOfH'IecKHX 

ycnoBHH B 6acceune. B xapKHe cyxHe ro)(bl, KOr,l\a 

eCTeCTBeHIIhle BeilH'IHIIhi CTOKa MHIIHMaJlhHhi, yBeJIH'IeHHe 

HCnapeHHJI H yMeHLWeuHe CTOKa UQIJ. BJlHJIHHeM XOJHH­

CTBeHHOH ,1\eHTe.JlhiiOCTH ooo6elill0 J1eJIHKO. HanpHMep, ,il,JUI 

6acreH:na Kp.YnueH:wen peKH EBpollhl BOJJrn, KaK noKaJaHO B 

ra6JJHUe 11, 3arpam GrOKa m xoJHH:cToomrue HY:JK.llH B cyxHe 

H xapKHe rQIJ.hl npuMepuo B .llBa pa3a 6onLwe, 'leM BO 

BJJaJKllble H XOJIQ'I.IIhle. 

YKaJanuoe o6cronrenLCTO HMeer orpoMuoe 

llpaKTH'Ie<KOO 3Ha'le!IHe npH nepcneKTHBHOM llJlaHHpDBaHHH 

BQll,oOOecne'leHHJI aKOHOMHKH. QueHKa BellH'IHH 003MO:llCIIID( 

H3Menemrn CTOKa ,il,JUI pa3HOH KmrnaTH'Ie<KOH CHTYaJI.HH H 

XOOilHcrreHIIoH ,JleJlmlhHOCI'J OC,}'IUOCIBJIHeTCII C HOIOJihJOIIDIHeM 

MaTeMa'fH'IOOOIX MQ'(COOH (lopMHpomHHH H OOIOJThJOIIDIHH CfOIGl 

B 6acreH:uax Kpylllll:lX peK. B 'laCTHOCTH, TaKaH HaH60Jiee 
)(eTaJJLHaH MQIJ;eJlh pa3pa6oraua .llJ1H 6acceH:Ha p. BOJJru, c 

HCHOJihJOBaHHeM KOTOpDH HOJiy'leHO 003MOXHOO H3M~HeHHe 

MOCII'JliOrO croKa peKH 3a rner :xD'3JIK:memiOH: .lle.R'rern.JIOCI'H ua 
YJlOOOHh 2000 r. B ){!OOilHIIX O'lellh cyxoro )K(IJJKOI'O H Jiniixooro 
XOJJ<WIOro rQIJ.OB. B Ka'I{)CTOO MQ'I.eJlH nOCJlC)(IIHX npmurra 

MeroopOllOilflleOOlJI CHIYao;HH B OOO:Bine 1972 r •. H B 1974 r. 
Pe3yJJLTaThl pacqeroB aurponorenHm HJMeHermM. croKa 

Il)lC.llCfclBllHhi na pHCyiiKe 9; OOH O'leHh 'le'rKO 110lGl3hJilaKYf pOl1h 

MeTOOyCJJOBHH B HJMeHeHHHX CTOKa Ja C'leT X03HHCTBeiiHOH 

,1\eHTellhHOCI'H, O<JJ6e1100 31'0 KaaleTCil pa3BHTHH OpoiiieHHH H 

IKllllpeliH1I c BWxpaiiHTIJfiU. 

l1a::JJe,H,OBaHHH JlOKaJaJIH, 'ITO ,il,JUI 6aa::eH:HOB lO)IQibiX 

peK, CTOK KOTOphiX (>OpMHpyeTCH B ropHOH 30He, a 

Ha10J1h3ye10I DlilllllhiM o6paJoM na opornemte H uer!pC)'IYICI'Hill 
HcnapeiiHe Ha paBmma.x H IIH3MeHHOCTHX C ~KHM, cyxHM 

KJlliMaTOM, pa3BHTHe X03HHCTOOHHOH ,l(eHTeJlhHOCTH MOXeT 

OOChMa CJlCDKllbiM o6paaOM IIOO,ll,eHcroolRTh Ha fH.l\POJIOf'H'IOO(}Ij1 

UHKJI, He llpHBQIJ.JI BeCLMa llpQIJ.OJlXHTMhHOe BpeMH K 

yMeHLIIIeHHIO pe'IHOfO CTOKa B 3aMb1KaiOIUeM CTBOpe. 

l1oKaJa.TeiThllhlii npHMep B 3TOM OTIIOIIIe!IHH - OO:x::eHilhl peK 

~H H Chlpnapm, BrJa.HalOIUHH B 6eo:::J:oquoe Apam,acoe 
MOpe (lliHKJJOMaHOB, 1988). Ha pHCyuKe 10 npe)(craB11ena 
~ rH.l\JXlllOI'H'Ie<KH xaprucrepHCrnK H x03Hi1GrneHHOH: 

ThOJBI .. a 7 - {jyMMapULIH pe'IIIOH CTOK C KOIITHHCIITOB UO laiiULIM ()aJJIII'IIILIX aBTOpoB (a MM CJIOJI) 

EBpona Aal/Jl AgipUica Ce6. 101/C. A 6CTnpaJlUJl 
ABnwp AMepUICa A.Mepwca u OJCeUHun 

JlbBOBHq, 1969 300 286 139 265 445 218 
JlbBOBHq, 1972 319 293 139 275 583 226 
rrl1 «Mupoooii BQ!UILIH 6anaue» 283 324 153 339 661 280 
BayMrapTnep H PeiiXerJh, 1975 282 276 114 242 617 269 
Mupouwe pecypCbi, 1992 312 324 126 326 588 263 
llpe,llllapHTeJlhHLie ,ll,aHHNe rrl1, 1994 276 312 138 322 664 267 



'faoJJB~ 8 - BooMolKULie IIJMeHeBBJI K 2000 f. OC8,llKOB H CTOKa KOHTIIHeHTOB aa. OleT XOOJiiiCTBeHBOii ,/leJI'reiii.IIOCTH 
I 

CpwiuumA. CptWtue aJJOBI!Ie Jie38&B[H1ll'1JIOB .!IurmHUmeltiR/ie 
M 

H3.MellellUH 

KOHliUlHeHm antJK oaJ,~QCu, P, KAf fJONl!KJmpe6.11eHue oai,l(KU cmJJK - •10096 CITNJia1, OC(J,!JJfOB 
Uxm. 

R.K.Af UX03., K.Ji;DA-I JP, LiR. UX03.-J[3 ---=- ·10096 ~ ·10096 
K.Ji;DA·] K.Jim,i1 R p 

EBpona 3210 8290 222 173 55 24,8 -5,2 2,1 
AJIDI 14410 32240 2020 1320 512 25,3 -10,4 4,1 

A~pm. 4750 22350 211 245 36 17,1 -3,7 1,1 
Cen. AMepmca 8200 18300 302 338 104 34,4 -2,4 1,3 
IO.u. AMepmca 11760 28400 116 0,0 0,0 0,0 -1,0 0 
Aocrpa!liDI H OKeamrn: 2390 7080 22 0,0 0,0 0,0 -0,9 0 

'faoJJB~ 9 - fipuOJIH1KeHHLie O .. eHKH 0.1KilllaeMLIX H'.JMeneBBii pe'IDOfO CTOKa C KOHTIIDeDTOB DpH J:IIOOuLDOM DOTCWieDIIH Ha 1 o 11 2o C (naJreOKJIHMaTII'IecKHii 

c._euapHii M. H. li)'JlYKo) 

Enpona 
AJIDI 
Cen. AMepmca 
IO.u. AMepmca 
A~pm. 

Aocrpam!Jl H 0Keamrn: 
Bcero B MHpe 

~ IUJOIKJU CI'I'IOK 

""aJA-1 

3210 
14400 
8200 

11800 
4570 
2390 

44540 

H3lellefiUH OC11,8}W6, ALII 

JO 20 

40 130 
120 170 
50 120 

150 180 
170 170 
125 220 

HJ.MeHenUH me.JtmptJmypli, 0 c H~uir ~ (J),I,080aJ CTT~~J~Ca 

% lflimA-1 

jO 20 JO 20 

2,3 3,2 - 6,6/-210 9,1/290 
1,1 2,2 22/3170 37/5330 
1,4 3,5 -3,0/-250 -4,0/-330 
0,6 0,8 13/ 1530 12/ 1420 
0,1 0,5 20/910 19/ 870 
0,3 0,6 10/ 240 18/430 

12/5400 18/ 8000 

t-,) ,_. 
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~ B fiaa:mHe Apam. Ja nep~Q~: c 1930 no 1988 rr. 
Oc:n6woo ~ 3,ll,OCL nepHUJ; c 1930 no 1900 rr. 3a 30 
oor oporuaeMHe JUIOlUllJnf yueJ1WJHJ1H(l> ua 2 M.IIH. ra, ro¥>OOe 
~.nemte Imp0CJ10 !ll20 KM3, HJ1H B ,lJJ!3. pa:n, HO 31'0 He 

npHOOlO K yMCHbWemtJ.O Iq>H'IUKa OOJ;ll K IOOplO H OIIDKemno 
ero ypoBHII. .l(~ ~<>mHHH nooooroom ofuacmm. 
31'0 uoo6'i:Rroe .IIBJlCHHe: OK:ll:IDlOCL, '110 33. paaM3.1plmleMblii 

nepHQll. npuMepuo Ha 20 KM3, B fQll, yMeHbWHJlHCb 
H~ nm:epH llll.Ii B filo:.eHHe (urnapmue B ,®llb'I3X, 

Ha UOHMax npu pa:munax H 1'.,11..), KOTOpHe UOJlHOCTblO 
KOMneiDI.pO:m.JIH yreJlH'IeHHe ucnapemm ua opow3fMHX 3eMJlJIX.. 

B llOCJ1e,lJylOIU r<JI.Ii, ((~ KOMJieHaliJ,HOHIJhle 003MO:amocm 

6HJlH HC'I.eprnun.I, ,li,3JlbHeHwuH pocr B(W)33.00poB npHOOrl K 
pe3KOMY yMeHbWeHHIO npHTOKa BllU>i B ApaJlLCKoe MOpe H 
Ka~OMY na,H,eHHIO ero ypi)BHII, ~m1YOI 

JJP H3.Cl'OJIIU{ro npeMeHH. 

B oooepHbiX .J100IHX JIDIOI:rax RJHOOru.woo ~e 
Ha fH,ll,pMOfH'IecKHH UHKJl peqHHX 6acceHHOB OIGl3HBalOT 
Jlecorexun'leCKHe Meponpunrun (napy6Ka Jleca u 
JleconoccrauoBJleuue - nctcyccrneuuoe u ecrecrneuuoe). 
lia::Jle.n<>JlaHHJI 3THX npo6JleM ,lJ.Il1l JlOCHOH 30Hbl EllpOileH<xou 
qacru Poccuu npunenu K oqeuL uurepecnHM uay'IHHM 
pe3YJibTaT3.M, HMeiOIIlHM 6oJlbWOO npaKTH'IecKOO 3Ha'leHHe. 
B~ JlOO)B H ~ ~ IIpHil)'I1IT (( 

O'IeHb 3H3.'11rn'JlbHHM H3MeHeHHRM ICiaJlOOHll H CIDKa B 6at::r.mmx 
peK, KO'IOpHe llpOHCXQ'JIIT B TeieHHe MHOrHX ,lJ,OCH1KOB oor JIOCJle 

wpy6trn (~ 1989~ Ha J>HCYHKe 11 ~ 
nooyqeHI~He ~ nyreM OOo6meHHhle ,lli:UIIIHe m 
,lJ,IilBMUKe OOlWIHll urnapemm H CIDKa (Ill'-\OOOfO u aromiOro) 
nOCJle wpy6KH .nea:t n yc.oonunx JleCHOH 30HH EBpOileHc:Kou 

'OCrH 1\:xmu. B nepB~:>~e ~ .oor nOCJle JlbiW6KH rcw>rou 
CfOK c ~llllOH ~ peaKo ~ (npHMepoo ua 
50--70%); qepe3 40--60 .oor OH 6~ 3Rl'IKrellbHO MeHLwe, <EM 

,li.O BHpy6KH, a B Cpe,li.HeM 33. 100 JleT 6y,ll.eT MeHLWe no 
q>aBHeHIDO ID crapuM Jle(I)M npHMepHO Ill 15%. 
~ WIQ'I,hl, Ha MOH BilrnB,ll, U<WQ1l,HT HTOrn 

MHOfOJleTHeH ,li.HCI(yCCHH cpe,li.H rH,ll,po.rlOfOB MHOfHX crpaH: 

~ JlOOl yMeHLurer H.l1H )'BCilH'IHil3ff CI'OK? Qnumqoo 
ua 3TOf oonpoc OTileTHTb ueD03MO~. nre 3aBHCHT or roro, 

IGlKOH ItepHQ'I. ~ JIOCJle ~ llKJ)\Q'l.JlHRI.eTOL 

~ 11-CoopelooiiHLIC mrrpooorenm1e u.waenetiiUI 
n:noooro C'I'OKa p. BoiJm D pa.wi'lllble DO IQJ,UOCl1l fQ'I,LI 

R l!R aump., 
K:.M'Ja:url ~Ufa:url 

Cpe.l(HHii: rQIJ, 254 18 
Manoll(Wlblu r~ .(cyxou u xapKHH:) 180 26 
MllOroBU'J,HIDi ~ (llllli.JKlluH H XOJlQI,IluH) 310 12 

ilp06JleMH KOJlH'IeCTBeHHOH OQeHKH BJlHflHHfl 
a.H'I'pOIIOreHHbiX (oKropoB ua rH,ll,porlOrn'leaooi QHKJl pe<IHHX 

Bo,ll.oc6opou rpe6yiOT ,ll.amueuwero HJyqeuun nyTeM 
npoBe,ll.eHUn BCeCTOpoHHHX TOOpent'lecKHX HCCJle,li.OBaHHH, 
Jla6opaTOpHHX H UOJleBHX 3KCnepuMeHTOB B pa3JlH'IHHX 
(>H3HKO-reo~Wle.Q(HX ycJlOBHJIX. Ocn6eHHO Ba:lKen oonpoc 
yqera BJlHnHHn 4>3K.ropou X03flHCfBeffilOH ,ll.eHTellbHOcrH Ha 
KOMIIOHeHTH fH,ll.pOJlOfH'IeCKOfO QHKJla B yCJlOBHflX 
a.IITpOilOreHHHX H3Mene8HH rno6am.ooro KJlHMara. 



0 HEKOTOPLIX DPOIJJIEMAX 3KCDEPHMEH· 
TAJILHOfO H3YqEHUHfH~POJIOfHqECKOfO 
UlfiCJIA 

Cpe.D.H HetcoTopwc. y<JeHm - rH.D.poMeTeopoJioroB H 

Clleu,mulHCTOB no BQli.HOMY xooJiiicrny 6I:ITyeT MHeHHe, 'ITO 

maeMHaB 'IILTh ~ JJ,HK.Ia O'Hib xopomo myqem 
H npoOJleMa 3a.KJ1IO'IaeTCJI JlHllib B y'leTe perHOHaJILH.IlX 

oco6euHocTe:H Toro HJlH HHoro pe•moro BQIJ.ocoopa. H 
tcareropJi'leC1rn He oomareH c 3THM H uao6opar C'IH'l.'3IO, 'ITO 

Ha3eMUHe OOI'BH rnn.poool'H'IOOCOro I.UDCJ1ll; IQ,LI B IIQ!OOMHMX 

ropH30HTaX, HOBepXHOCTHiiH H HQIJ.JeMHiiH CTOK, HX 

B3aHMQIJ,eHCTBHe, HCJiapeuHe C pa3J1H'IH.IlX JlaH,li,Wafi!TOB, 

fi!H3H'IecKHe RpoQOCCLl HX fi!OpMHpDBaiiHJI H ,li,BIDKeHiffi B 

npupo.11.e .RBJl.IIIOTCJI HaHMeuee uay<JeHHhlMH H TPY.li.HO 

HQIJ.MlOlli,HMHCII ~oH KOllJf'lecTBeHHoH OQeHKe, 3.l1aJ1H3y 

H o6o6IQeHHIO. 

,LJ;ocra:ro'IHO OTMenm., lfMIPHMep, 'li'O OTcyTCTByiOT 

MeroJ,hl np.IIMOf'O (KOHI'i1K'.IIDI' HJ1H ,/.I.UCJ.(IHIJ,) ~ 
CfOKa H~lhiX BlJ; H HX ~ C nooepx.ooc:rllb; 

TO xe atMOO MmKHO <lG13l.Th B OTHOUieHIDI H3MepffiHII .R:IIapemiJI 

c pa3JIH'IllblX yr<:Wlli. llpHMeHHeML~e ,lJ,fiH ouemrn yKa3aHHbiX 

ICOMilOHmiDB pacqerHhle Mei'QI.Tl :ueprJIJ(o .n,ruar peJ)IJILntTbl, ue 
OTBe'laiOIQHe peanLHOH fi!HJHKe npoQecca. Tatc, 

3KCilepHMeHTcl.fiLHble HOC.fl{\ll,ooaHHJI, BbiiiOTIHemn.Ie B JlOCl1e,IJ,HHe 

rQ'I,bl B pa3HblX CipUJ3X MHpa C lfCilOJILJORI.HHeM ampeMelJHW{ 

~ moronuoro amJIHJa OOKa3aJIH, 'ITO ImiiH ~ 

0 «{llpMHppBaHHH p6IHOfO CIDKa H 0 poriH ~ Bl'.J; Kp3iiHe 
npHMHTHBHLl, a cymeCTByiOIQHe pacqeTuue MeTO.li.Ll H 

MaTeMaTH'IectcHe MQII,e.JlH HpDCTO He OTpaJKaiOT CJlOXHble 

npou:em:.i, ~· ua ~ IlJ MOOMy MHeHHIO, 

HMeHHO 31HM MOEJO oo'hiKllm'L, 'liD ,n.axe a:IMbie <mepmeHIIUe 
MaTeMaTH'IOOCHe MQ!l,MH petiHLIX BQ!l,ocDopOB, HpHMeHJieMble B 

npaKTHK.e Ilf.liPOl10IWle pameroB H Ilp0111<IDB, OOhl'IJ:IO He 

.n,aKJr 6oJ1ee Rl,lle:iKHblX H TO'IIIblX projUILTaTOB, '16\1: 300MeHTapme 

3M11HpWI£0Gie 31IJBDtMOCIH; OHH TaiOKe HeflOOXO )ll6cmuar ,lJ,fiH 

o6u'IH.IlX crauapTHhlx cuTyau:HH: u HMeiOT OOJ1Lmue 

norpeiinKJCI'H ,lJ,fiH 3KcrpeMaJibliblX ~ tflopMHpOil3.UHJI CfOlCa. 

HanpHMep, oo DOOM MHpe npH.HHMa.eTCH, 'ITO .D.OJm 

nQli.JeMHhlX BQll. B rQli.OBOM crOKe petc OOLI'IHO ueOOJlutca u 

oocraBJUieT 25-35%, a BO BpeMJI ll3IQ.IJCOB He OOooe 10-15%, 
'ITO ,lli))K)J.emre JiaBCmG~ u IIOJIOBQ'UJI fllopMHJJ.YIOTCH maBHblM 

OOpa:IDM 3a C'leT CTeKaHJffi HOBepXliOCI1IID: H HQIJ,3eMHhlX IQ!;, 

nyTeM HenOCpe,li,CTBeHHO BblllaBlliHX DCa,lJ,KOB HJlH TaJIHH.II 

cuera, HaXQIJ,HIQerocH ua BQIJ,oc6ope. B TO .:ace BpeMH 

,ll,eTaJILHLle H30TOHHLle HCCJle,li,OBaHH.II ,ll,aiOT COBepmeHHO 

,ll,pyryiO tcapTHuy; ,li,O!UI IIQIJ,JeMH.IlX BQJJ, B fllopMHpDBal:lliH 

naBQll.o'IHoro crotca OOLI'IIIO COCTaBJUieT 50-70% u Moxer 

.li.OCTHraTL 80-90%; TOJlLKO He6oJ1Lllia.ll 'laCTL (10-20%) 
naBQJJ,O'IHOrD CTOKa fi!OpMHpyeTC.II OT BLIIIaBlliHX DCa,JJ,KOB, 

ocram,HOH: CTOK o6paaoBa.H 3a orer OOI,IU(OB, JIOCTYJIHBWHX ua 
Jl(}'(()d)op rQll.-.li.Ba H .H,aJKe 3-5 JleT Ha3a,ll; B cpe,li.HeM f'Q'(OBOH 
CfOK peKH cflopMHpyeTCII 3a C'leT OC3.li.KOB, IIOCTyJialOIQHX Ha 

BQ'!Pd)op B rereHHe 4-6 JleT • 

.l(eTaJlLHLle 3KCRepHMeHTaJILHLle HCCJle.li.OBaHH.II 

cflopMHpDBaHH.II CTOKa C HCI10TIL30Ba.HHeM H30TOROB Ha'IMHall C 
1985 r. Be,liYTCll Ha ROJleBOH 3KCilepHMeHaJ1LHOH 6a3e rfYI 
(Ban.n:aiiCKHH fi!HJ1Ha.I1). 3TH HCCJ1e.li.OBaHH.II ne TOJlLKO 

nQli.TBeJWffiH npuoo.n:ellllble BLlllie BblBQJJ,bl, HO H rroa0011HJ1H 

BLI.IIBHTL HeKOTOpLle .n:pyrue .IIBJleHH.II, KOTOpble He 

Y'IHTLIBaiOTC.II HH QIJ.HOH H3 CyiQeCTBYIOIQHX .n:axe caM.IlX 
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CJIO)f(HblX u oooopmeHHblX MQ'(erre:H crotea. Ha pHCyHKe 12a 
nOKaJaHa cx.em MaJIOro 3KcnepHMeiiTa.IILHOro qoct)opa (J10r 

Yca.n:LeBCKHii, HJlOIQa.li.L - 0,36 tcM2) u npe.n:cTaBJieHa 

IIOJlyqeHHa.ll nyTeM H30TOIIHOrO aHaJlHJa CTpyKTypa 

.li.O)K)J.eBOrO HaB(W(a HOCJle BLIHa.D:eHHH 45 MM DCa,lJ,KOB B 

aBr)'CTe 1988 r. J:le.:JyJILraThl :H3C>Toruioro aHaJlma JTaiiQII.Ka 

TatcOBbl: npHMepuo 10% ru.n:porpaflla CTOKa OblJlO 

OIIOPMHJX>BaHO llblruiBIIIHMH ()(3,li,KaMH; .npyrne 30% - Bl'I,a 

BeceHHero cneroTaHHHH NlHHOro rQll.a (3--4 MecHUa Ha3a,1J,); 
OCTaJILHNe 60% OOLeMa CfOKa c:xx:raowta Bl'I,a, nocryiiHBliiaJI 

ua BQll.ocOop B Te'leuue 8-10 npe.n:meCTBYIOIQHX JleT. B 

peayJILTare anaJIHaa fllopMupoBaHHH 6ommoro 'IHCJla 

rumQII.KOB ua pao::Ma.TpHBaeMOM qoc6ope OblJlO ycra.HOBJleuo 

TalOKe, 'ITO OOCLMa '!aCTO ycHJIDHHC npi:ITOK3. JQJ;bl B pyciiO 

Ha'IHHaerCH 3a,ll,OJlfO .li.O BWia,~J,eHHH oca,lij(OB, a B OT.ll.ern.HblX 

CJly'la.IIX HaOJliO.ll.alOTC.II naBQIJ,KH .n:axe HpH HOJ1HOM 

OTCyTCTBHH oca,lij(OB B npe.n:enax BQ!J,ocOOpa. llpHMep TaKOro 

.IIBJJeHHH UOKaJaH na pHCyHKe 13, r.n:e 'leTKO BH.li.HO 

llpoXO:IC)(eHHe JialQI,Ka 6eJ BhlJia.D:eHHH KaKHX.-JluOO oca,D,KOB, 

HO npH 3aMeTHOM H3MeneHHH aTMOCcflepHOrO .ll.aBJleHHH. 

llpuoo.n:e1111ue npuMepu CBH.D:eTMLCTBYIOT o qpeJBhl'laiiuo 

CJlO)KIIblX rrponeccax ~opMupoBanHH croKa na pequux 

BQIJ,ocDopax, .n:axe caM.IlX He3.Ha'IHTellbHblX 110 Be.JlH'IHIIC. 

Bo.n:oc6op, ero noBepxHOCTHaH u no.n:aeMnaH qaCTL 

Rpe.li.CTaBJlHIOT cOOoH e.n:uuyiO .li.HHaMH'IOCKyiO CHCTeMy, B 

KOTOpoii IIQll,3eMHLie BQJJ,bl HrpaiOT O'leHL 6oru.mYIO POJ1L H 

IJYTKO pearupyiOT ue TOJJLKO ua oca.LUrn, HO H ua H3MeueiiWI 

.n:pyrHX MeTeopOJlOrH'ICCKHX xapaKTepHCTHK 

aTMocc{lepHoro ,lJ,aB!lel:llffi, MIDKHOCTH BOO,nyxa, reMneparypu 

H .li.P· ,Ll;eTaJILHOe HJyqeuue BCeX 3THX npoQeCCOB, HX 

a.n:eKBaTnoe MaTeMaTH'Iectcoe onucanue Tpe6yiOT 

OpraHH3aQHH KOMHJleKCII.IlX HOJleBbiX 3KCIIepHMeHTOB B 

pa3.1lH'IIIblX ~H3HKD-I'OOrpa()H'IecKHX yciiOBHHX. 

3KcnepuMeHTaJILnue uccne.n:oBaHHH neo6xQIJ.HMLl 

TalOKe .li.J1H pemeiiWI .n:pyroii BaJKHOH: npo6neMbl H3y'leHHH 

rH.D:pOJIOrH'IecKOrD QHKJla - CTLIKOBKH rH.D:pOJIOrH'IecKHX 

qerreu c MQll.ertllMH o6IQeii l.UfPicyJlJILUfH a'fMOOilephl (MOlQ. 
CJioxnOCTL B TOM, 'ITO MOU TpOOYIOT rY.,I.I,POJlOrH'IOCKHe 

.n:aHHiie 110 KBa.n:paTaM KOOp.li.HHaTHOH CeTKH, a 

rJWlOIIOI'H'IOOCHe MQ!l,ellH pa3paDaTblBaiOTCH H KaJIHOpyiOTCH 

,lJ,fiH poolhiX ~ 110 OOLI'IHO HMei:OIQHMCJI .n:oentro'IIIO 

Ha.D:eXUO H3MepeHHblM Be.JlH'IHIIa.M CTOKa B aaMblKaiOIQHX 

croopax. ,Ll;J1H CTLIKOBKH c MOU uau60Jlee y.n:o6uo HMeTL 

Ha.D:eXUblC rH.D:poJlOrH'IeCKHe MQll.e.JlH ,li)IH UpDHJBOJILHbiX 

IIJlOIQa.D:eii 3CMHOH HOBepXHOCTH, KOTOpble OLI H03BOJUIJ1H 

pemaTL aa.n:aqH onpe.n:e.rreuu.11 He CTOKa, a cyMMapnoro 

ucnapel:llffi. llOCJie.n:uee rpe6yer npooo.n:emrn KOMrreKCIIblX 

3KCJiepHMein'OB H pa3paOOTKH Ha.ll.eJICHblX MeTQ'J;OB HJMepeiDIJI 

H pac'leTa ucnapenHH c paaJIH'IHblX yr~HH: aa KOpDTKHe 

HIITCpBaJlLI BpeMeHH. 

lliupoKoe paJBHTHe 3KcnepHMeHTaJ1LIIIiX HCC'Jle.n:o­

Ba.HHH B pa3JlH'IHhiX pemOHax JeMrrn H030011HT 3Ha'll1're1Thll0 

yJiy'lmHTL namu JHaHHH o ru.n:poJiorn'leCKOM QHKJle B 

mo6a.rJLHOM H perHOHaJlLHOM MaCliiTaOax, .ll.llCI' BOJMOXHOCTL 

paapa6oraTL na.n:exllble MeTQIJ.bl ou:enKH ero saxneiimux 

KOMJIOHeHTOB H HX HJMeHelllfli RQ!l, BJlHHHHeM X03HiicTBeiiHOH 

.lleHTeilLHOCTH H anrporroreunoro noreMeHHH mo6aJJLuoro 

K.JlHMara. ,Ll;rui pemeiiWI arux npo6neM ueo6xQli.HMa recua.11 

TBOp'leCK'an KOOnepau:HH Y'ICHblX pa3HLIX crreli,Hll.JILIIOCTeH H 

npex.n:e OO:Jf'O f'lf,lij>OJIOf'OB H MereopOJIOf'OB, Op1'3.HHJaTOpDB 

JJayKH:. 
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PucynoK 2- llpHTOK peqtiLIX BQll u MH.po­
uoii OKeau no WHpOTHLIM 
JOHaM. 

t• 
0,2 0,4 A i.-19 

PucynoK 3 - MaMeHemrn rno6anLHOii reMnepaTypLI ooazyxa, ypoBHH MHpoBOro OKeaua H cyMMapHoro peqHOro CTOKa: a) rno6aJJLHlUI 
TeMnepaTypa B03.11YXil; 6) ypoBeiiL MHpoBOrO OKeaua (Barnett, 1988); B) 3aBHCHMOCTL ypoBIIJI MHpoBOrO OKeaua OT 
HJMeHe!IIDI mo6anLHOii reMnepaTypLI B03JIYXa c aanoJ.LilliiHeM B 19 JleT (K'anHHHJI, Krmre 1974 r.); r) cyMMaplii>IH 
CTOK peK MH.pa •. 
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PHcyHoK 7 - 3aBHCHMOGJ'b pe<rnoro croKa H mmonorpeoJJeHHJI JVUI peraonou MHpa OT HH,lleKca cyxocru: a) cpe.LJ.HerQlJ,OBOii pe<rnoii 
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PHcynoK 8 - YlaMeHeHHH cpe.li,Hero rQlloBOro CTOKll oumnero CCCP nQll MHHHHeM xoaniiCTOOHHOH .lleHTeJJbHOCTH. 1 - pacqeru, 
C.ll,eJJamiNe n 1975 r., 2- pac'IeTLI, C.ll,enannue B 1985 r. 
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PHcyHOK 9- lilaMeHeHHe croKa p. Bo.JU'H Ja C'leT xoanii.croouuoii: .lleHTeJlhHOCTH ~Q no MecJII.IllM ua ypooollh 2000 r., paccqHramme no 
M~ertH oqellh cyxoro (a) H oqenh WJaxuoro r<Wt (6); 1- rrpoMLirnilennoe H KOMMYHailhlloe OO'IOrrOTpeOile.HHe; 2-
BQI(OXpa.HHilHIUa; 3 - opornenHe. 
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PHcynoK 11 - ,lbiiiaMHKa Hcnapemrn H GrOKa nOCJle Bblpy6KH neca H nOCJle.li)'IOII.Iero necoooccTilHOBJieHHH (necHaH :mna PocCHH). 
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PHCYHOK 12- 3KcnepHMeHTilJlhHI>ie HCCJle~OBaHHH CfOKa no B<D rrH: a) CXeMa B<l'J,ocOopa nora YCMWBCK.J:IH; 15) XQIJ, ocaiJ.KOB 4-5 
aurycTa 1988 r.; B) x® croKa 4-5 aurycra 1988 r. 
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