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       Discipline «Meteorology and climatology» relates to a cycle from 

basic components of a choice of a specialty «5B011600-Geography». 
The course of meteorology and climatology helps to learn one of the 
geographical spheres of Earth – the atmosphere. So that will give students 
an opportunity to direct their professional activity toward geography.   
The theoretical material on the main sections of this discipline 

promotes to knowledge of the atmosphere‘s structure, processes and 

dynamics. Theoretical foundations of the Earth‘s atmosphere include 

information about the troposphere and the stratosphere composition, 

the atmospheric radiation and temperature field, water vapor, winds 

and atmosphere‘s circulations, basic climatology. Special assignments 

of SSST and SSS promote to the development of theoretical 

knowledge of students, their creative abilities, practical skills, ability 

to work independently and in a team, ability to think and analyze. 

These assignments also allow determining the quality of understanding 

of the subject both for a learner and a teacher. As a result, the teacher 

is able to assess the knowledge, skills and abilities mastered by the 

student during the course study quickly and objectively. Educational-

methodical complex is intended for students and teachers.   
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1. Discipline relates to a cycle of basic components by a choice. 

2. Extract from curriculum:   

 
Mode  

of 

study 

Cou

rse 

Seme

ster 

Credit

s 

Lect

ures 

Semi

nars 
 SSST SSS Total 

Check 

form 

Full-

time 

 2 

 

   3 5 
45 30 15 60 150 

exam 

(tests) 

Thematic plan for full-time students  

№ The name of theme 
Lect

ures 

Semina

rs 
SSST SSS 

1 

There are subject, меthods and 

tasks in meteorology and 

climatology.  

2 1 - 4 

2 

 

 General information about 

Earth‘s atmosphere. 

2 1 - 4 

3 The solar radiation 2 1 1 6 

4 
The atmosphere‘s  temperature 

regime. 

3 1 1 6 

5 The water vapor in atmosphere 3 1 - 6 

6 The pressure and the wind. 2 2 1 4 

7 The atmosphere‘s circulation. 3 2  4 

8 Climate former. 2 2 1 2 

9 
Climate of the Earth. Climate 

classifications.  

3 2 1 7 

10. 
Global and anthropogenic 

climate changes.  

3 2 1 2 

11 Bioclimatology 20 15 9 15 

 Total (3 credits) 45 30 15 60 

 

3. Program of study on discipline (SYLLABUS) 

 

3.1.Data on teachers:  

http://en.wikipedia.org/wiki/Climate_classification
http://en.wikipedia.org/wiki/Climate_classification
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Zhakatayeva Bahythan Tasanovna – the older teacher, building 3, room 413. 

3.2. Course prior requisites: 

The course ―Meteorology and climatology‖ should precede such 

disciplines as basics of geography, geology, gidrology and others. 

3.3. Course post requisites:    

After mastering the course ―Meteorology and climatology‖ it is necessary to 

study such disciplines as physical geography of continents and oceans, 

physical geography of Kazakhstan, geoecology.  

3.4. Brief description of the course: 

The course is designed to acquaint students with meteorology and 

climatology. The aim of the course ―Meteorology and climatology‖ is 

formation of students‘ knowledge about The course considers the меthods and 

tasks in Meteorology and climatology, information about Earth‘s atmosphere, 

characteristics of  atmosphere, Climate of the Earth, Global and anthropogenic 

climate changes. 

3.5. Results of studying: 
Object competence: 

-mastering of theoretical and methodological foundations of meteorology 

and climatology, and detailed knowledge of the terminology; 

-formulate one‘s own position on issues using the theoretical arguments 

for its information; 

-present the results of cognitive activity in the forms of essay, report, 

research project. 

Sub-object competence: 

acquisition of initial hands-on practice in the field of meteorology and 

climatology; 

mastering the conceptual apparatus that allows to master future 

profession. 

3.6. The policy course: 
Studying this discipline the student must: 

study the theoretical issues of the course while reading the lecture 

material and using the major textbooks recommended for students of the 

faculty economics of higher education; 

consolidate knowledge through seminars, scientific and journalistic 

periodicals, mass media;  

check knowledge through original works, assignments and tests; 



5 

 

consolidate and extend student‘s knowledge in the process of writing 

essays (reports) on the studied course.  
 

4. Schedule of fulfillment and passing tasks on discipline:  

№ 

T
y
p
es

 o
f 

as
si

g
n
m

en
t 

P
u
rp

o
se

 a
n
d

 

co
n
te

n
t 

o
f 

as
si

g
n
m

en
t 

R
ec

o
m

m
en

d
ed

 

li
te

ra
tu

re
 

F
u
lf

il
lm

en
t 

p
er

io
d

 

C
h
ec

k
 f

o
rm

 

G
ra

d
e 

R
ep

o
rt

in
g
 f

o
rm

 

D
ea

d
li

n
e 

1 Synopsi

s 

Report 

according 

to the 

theme 

According 

to the 

practical 

lessons 

A week Abst

ract, 

repo

rt 

 

 

 

 

 

 

 

 

50-

100 

Text of 

the 

abstract 

and 

report 

for the 

lesson 

1-15 

weeks 

2 Acting 

as 

oppone

nt 

Coreport According 

to the 

practical 

lessons 

A week Abst

ract, 

repo

rt 

Fact of 

setting-

out in 

the 

lesson 

1-15 

weeks 

3 Fulfillm

ent of 

SSST 

assignm

ents 

Developm

ent of the 

analytical 

and 

cognitive 

abilities 

According 

to the 

practical 

lessons 

Accordi

ng to 

the 

SSST 

schedul

e 

Abst

ract, 

repo

rt 

Checki

ng of 

dispatc

hing the 

task, 

ability 

of 

respons

e to the 

questio

n 

1-15 

weeks 

4 Interme

diate 

check 

in the 

form of 

a paper 

Check of 

the ability 

to socially 

think 

Paper 1 on 

subjects 1-

4, paper 2 

on subjects 

5-11 

Lesson 

№ 5 

Lesson 

№ 12 

Test 50-

100 

Checki

ng of 

the 

paper 

7, 14 

weeks 

5 Exam Complex 

checking 

According 

to the 

Accordi

ng to 
Test  50-

100 

Test 16 

weeks 
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of 

knowledge 

literature 

on the 

themes 1-6  

the 

schedul

e 

5. Map of educational-methodological provision of discipline 

№ 

 
 Name of textbooks, manuas used on the course 

 

The number of 

textbooks, 

manuals, 

Scientific library 

of KarSU 

1. Main literature * 

1 Thomas D. Potter and Bradley R. Colman. The 

handbook of weather, climate, and water. Canada. 

Wiley interscience 2003. 973 p. 

1 

2 S. Panchev. Dynamic meteorology. Sofia, Bulgaria.  

D.Reidel Publishing Company, 2005. 355 p. 

1 

3 W.  Zdunkowski and A. Bott. Dynamics of the 

Atmosphere. UK. Edinburgh, Cambridge University 

Press, 2003. 713 p. 

2 

4 James R. Holton. An Introduction to Dynamic 

Meteorology. USA. Department of Atmospheric 

Sciences.University of Washington, Seattle, 

Washington. 2004. 538 p. 

Electr. Vers. 

5 W. Zdunkowski, T. Trautmann & A. Bott. Radiation 

in the atmosphere. A Course in Theoretical 

Meteorology. UK. Edinburgh, Cambridge University 

Press, Cambridge, 2007. 482 p. 

Electr. Vers. 

7 Roger G. Barry, Andrew M. Carleton. Synoptic and 

Dynamic Climatology. USA. Taylor & Francis e-

Library, 2002. 615p. 

Electr. Vers. 

8 Хромов С.П., Петросянц М.А. «Метеорология и 

климатология». Гидрометиздат. Л., 2006. 385 с. 

12 

9 Хромов С.П., Петросянц М.А. «Метеорология и 

климатология для географических факультетов». 

Гидрометиздат. Л., 2001. 491 с. 

10 

10 Жақатаева Б.Т. ―Метеорология  негіздері‖ 

Қарағанды, КарГУ., 2004, 138 б. 

15 

2. Additional literature ** 
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11 A.P.Cracnell, V.Krapivin, C.A.Varotsos. Global 

climatology and ekodynamics. UK, Chichester, 2009. 

517 p. 

1 

12 Жақатаева Б.Т., Суймүқанов У.А. ―Метеоролгия 

пәні бойынша жүргізілетін практикалық 

жұмыстарға арналған оқу құралы.‖ Қарағанды, 

ҚарМУ., 2000, 68 с. 

8 

13 Алисов Б.П. «Курс климатологии». Ч.1,2,3. 

Л.Гидрометиздат, 2009., 487 с. 

4 

14 Будыко М.И. Изменения климата. - Ленинград: 

Гидрометиздат, 2004.- 280с. 

2 

2.1. List of periodicals 

15 «Метеорология и гидрология» 

16 «Вестник КарГУ, серия Биология, Медицина, География», КарГУ, 

Караганда. 

17 «География и природные ресурсы» 

18 «География в школе и ВУЗах РК». Республиканский научно-

методический журнал. Алматы. 

19 «Экология»  

20 Publications of the ―Kazakh Geographic society‖. Karagandy. 

2.2. List of sources on electronic media 

21 Жакатаева Б.Т. «Метеорология и климатология» курс электронных 

лекций. КарГУ. 

22 «Метеорология және климатология» курс электронных лекций на каз. 

языке. КарГУ. 

23 Хромов С.П., Петросянц М.А. «Метеорология и климатология». 

Издат-во Моск-го универ-та. Наука, 2006. 582 с. 

2.3. Internet sources 

24 www.cambridge.org 

25 http://www.nsidc.org.   

26 http://www.nasa.gov/sitemap/sitemap_nasa.html 

27 http://www.unfccc.de. 

28 http://books.nap.edu/catalog/6365.html. 

29 ftp://ftp.cmdl.noaa.gov/noah/n2o 

30 http://www.nature.ru/ 

31 http://ecoclimate.kz/ 

http://www.nsidc.org/
http://www.unfccc.de/
http://books.nap.edu/catalog/6365.html
ftp://ftp.cmdl.noaa.gov/noah/n2o
http://www.nature.ru/
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32 http://www.atmosfera.kz/ 

33 http://e-kitaptar.com 

6. Lecture complex (thesis of the lectures) 

Theme 1. There are subject, меthods and tasks in meteorology and 

climatology 

 

     Meteorology is the science of researching the Earth's atmosphere and 

related phenomena, which include both global processes (e.g. the Earth's 

climate) and very local and short-term processes (e.g. the formation of 

snow crystals or hail). The  key objective of meteorology is to provide 

weather and climate forecasts. Meteorologists use increasingly complex 

models to produce ever more accurate forecasts. 

The national weather service‘s operate highly complex observation 

networks and models, produce forecasts and issue warnings for the public, 

the authorities and business. The benefits of meteorology, e.g. in the areas 

of transport, agriculture, energy management, leisure or disaster protection, 

have been proven and will increase in the future Meteorological (and 

related environmental and geophysical) observations are made for a variety 

of reasons. They are used for the real-time preparation of weather analyses, 

forecasts and severe weather warnings, for the study of climate, for local 

weatherdependent operations (for example, local aerodrome flying 

operations, construction work on land and at sea), for hydrology and 

agricultural meteorology, and for research in meteorology and climatology. 

The purpose of the Guide to Meteorological Instruments and Methods of 

Observation is to support these activities by giving advice on good 

practices for meteorological measurements and observations. 

Most of the elements required for synoptic, climatological or aeronautical 

purposes can be measured by automatic instrumentation. 

Meteorology has next directions: Dynamic meteorology, Aviation 

meteorology, Agricultural meteorology, Hydrometeorology and others. 

     Dynamic meteorology generally focuses on the physics of the 

atmosphere. The idea of air parcel is used to define the smallest element of 

the atmosphere, while ignoring the discrete molecular and chemical nature 

of the atmosphere. An air parcel is defined as a point in the fluid 

continuum of the atmosphere. The fundamental laws of fluid dynamics, 

thermodynamics, and motion are used to study the atmosphere. The 

http://e-kitaptar.com/
http://schools-wikipedia.org/wp/p/Physics.htm
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physical quantities that characterize the state of the atmosphere are 

temperature, density, pressure, etc. These variables have unique values in 

the continuum.  

     Aviation meteorology deals with the impact of weather on air traffic 

management. It is important for air crews to understand the implications of 

weather on their flight plan as well as their aircraft, as noted by the 

Aeronautical Information Manual:  

The effects of ice on aircraft are cumulative-thrust is reduced, drag 

increases, lift lessens, and weight increases. The results are a decrease in 

stall speed and a deterioration of aircraft performance. In extreme cases, 2 

to 3 inches of ice can form on the leading edge of the airfoil in less than 5 

minutes. It takes but 1/2 inch of ice to reduce the lifting power of some 

aircraft by 50 percent and increases the frictional drag by an equal 

percentage. 

   Meteorologists, soil scientists, agricultural hydrologists, and agronomists 

are persons concerned with studying the effects of weather and climate on 

plant distribution, crop yield, water-use efficiency, phenology of plant and 

animal development, and the energy balance of managed and natural 

ecosystems. Conversely, they are interested in the role of vegetation on 

climate and weather.  

     Hydrometeorology is the branch of meteorology that deals with the 

hydrologic cycle, the water budget, and the rainfall statistics of storms. A 

hydro meteorologist prepares and issues forecasts of accumulating 

(quantitative) precipitation, heavy rain, heavy snow, and highlights areas 

with the potential for flash flooding. Typically the range of knowledge that 

is required overlaps with climatology, mesoscale and synoptic 

meteorology, and other geosciences. 

     Generally speaking, each science has its own unique sets of laboratory 

equipment. However, meteorology is a science which does not use much 

lab equipment but relies more on field-mode observation equipment. In 

some aspects this can make simple observations slide on the erroneous 

side.  

    In science, an observation, or observable, is an abstract idea that can be 

measured and data can be taken. In the atmosphere, there are many things 

or qualities of the atmosphere that can be measured. Rain, which can be 

observed, or seen anywhere and anytime was one of the first ones to be 

measured historically. Also, two other accurately measured qualities are 

http://schools-wikipedia.org/wp/s/Soil_science.htm
http://schools-wikipedia.org/wp/w/Water_cycle.htm
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wind and humidity. Neither of these can be seen but can be felt. The 

devices to measure these three sprang up in the mid-15th century and were 

respectively the rain gauge, the anemometer, and the hygrometer.  

Sets of surface measurements are important data to meteorologists. They 

give a snapshot of a variety of weather conditions at one single location 

and are usually at a weather station, a ship or a weather buoy. The 

measurements taken at a weather station can include any number of 

atmospheric observables. Usually, temperature, pressure, wind 

measurements, and humidity are the variables that are measured by a 

thermometer, barometer, anemometer, and hygrometer, respectively.  

Upper air data are of crucial importance for weather forecasting. The most 

widely used technique is launches of radiosondes. Supplementing the 

radiosondes a network of aircraft collection is organized by the World 

Meteorological Organization.  

        Remote sensing, as used in meteorology, is the concept of collecting 

data from remote weather events and subsequently producing weather 

information. The common types of remote sensing are Radar, Lidar, and 

satellites (or photogrammetry). Each collects data about the atmosphere 

from a remote location and, usually, stores the data where the instrument is 

located. RADAR and LIDAR are not passive because both use EM 

radiation to illuminate a specific portion of the atmosphere.  

The 1960 launch of the first successful weather satellite, TIROS-1, marked 

the beginning of the age where weather information became available 

globally. Weather satellites along with more general-purpose Earth-

observing satellites circling the earth at various altitudes have become an 

indispensable tool for studying a wide range of phenomena from forest 

fires to El Niño.  

       In recent years, climate models have been developed that feature a 

resolution comparable to older weather prediction models. These climate 

models are used to investigate long-term climate shifts, such as what 

effects might be caused by human emission of greenhouse gases. 

     Weather forecasting is the application of science and technology to 

predict the state of the atmosphere for a future time and a given location. 

Human beings have attempted to predict the weather informally for 

millennia, and formally since at least the nineteenth century. Weather 

forecasts are made by collecting quantitative data about the current state of 

http://schools-wikipedia.org/wp/s/Ship.htm
http://schools-wikipedia.org/wp/t/Temperature.htm
http://schools-wikipedia.org/wp/w/Wind.htm
http://schools-wikipedia.org/wp/r/Radar.htm
http://schools-wikipedia.org/wp/e/Electromagnetic_radiation.htm
http://schools-wikipedia.org/wp/e/Electromagnetic_radiation.htm
http://schools-wikipedia.org/wp/e/El_Ni%25C3%25B1o-Southern_Oscillation.htm
http://schools-wikipedia.org/wp/c/Climate_model.htm
http://schools-wikipedia.org/wp/c/Climate.htm
http://schools-wikipedia.org/wp/g/Greenhouse_gas.htm
http://schools-wikipedia.org/wp/e/Earth%2527s_atmosphere.htm
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the atmosphere and using scientific understanding of atmospheric 

processes to project how the atmosphere will evolve.  

    Once an all human endeavor based mainly upon changes in barometric 

pressure, current weather conditions, and sky condition, forecast models 

are now used to determine future conditions. Human input is still required 

to pick the best possible forecast model to base the forecast upon, which 

involves pattern recognition skills, teleconnections, knowledge of model 

performance, and knowledge of model biases. The chaotic nature of the 

atmosphere, the massive computational power required to solve the 

equations that describe the atmosphere, error involved in measuring the 

initial conditions, and an incomplete understanding of atmospheric 

processes mean that forecasts become less accurate as the difference in 

current time and the time for which the forecast is being made (the range 

of the forecast) increases. The use of ensembles and model consensus help 

narrow the error and pick the most likely outcome.  

There are a variety of end users to weather forecasts. Weather warnings are 

important forecasts because they are used to protect life and property. 

Forecasts based on temperature and precipitation are important to 

agriculture, and therefore to commodity traders within stock markets. 

Temperature forecasts are used by utility companies to estimate demand 

over coming days. On an everyday basis, people use weather forecasts to 

determine what to wear on a given day. Since outdoor activities are 

severely curtailed by heavy rain, snow and the wind chill, forecasts can be 

used to plan activities around these events, and to plan ahead and survive 

them. 

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 2. General informations about Earth’s atmosphere. 

 

     Earth's atmosphere is a layer of gases surrounding the planet Earth and 

retained by the Earth's gravity. It contains roughly (by molar content/volume) 

78% nitrogen, 20.95% oxygen, 0.93% argon, 0.038% carbon dioxide, trace 

amounts of other gases, and a variable amount (average around 1%) of water 

vapor. This mixture of gases is commonly known as air. The atmosphere 

protects life on Earth by absorbing ultraviolet solar radiation and reducing 

http://schools-wikipedia.org/wp/c/Chaos_theory.htm
http://schools-wikipedia.org/wp/t/Temperature.htm
http://schools-wikipedia.org/wp/a/Agriculture.htm
http://schools-wikipedia.org/wp/r/Rain.htm
http://schools-wikipedia.org/wp/s/Snow.htm
http://english.turkcebilgi.com/gases
http://english.turkcebilgi.com/Earth
http://english.turkcebilgi.com/gravity
http://english.turkcebilgi.com/nitrogen
http://english.turkcebilgi.com/oxygen
http://english.turkcebilgi.com/argon
http://english.turkcebilgi.com/Carbon+dioxide+in+the+Earth's+atmosphere
http://english.turkcebilgi.com/Earth's+atmosphere#Composition
http://english.turkcebilgi.com/water+vapor
http://english.turkcebilgi.com/water+vapor
http://english.turkcebilgi.com/atmosphere
http://english.turkcebilgi.com/organism
http://english.turkcebilgi.com/ultraviolet
http://english.turkcebilgi.com/solar+radiation
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temperature extremes between day and night.  

      There is no definite boundary between the atmosphere and outer space. It 

slowly becomes thinner and fades into space. Three quarters of the 

atmosphere's mass is within 11 km of the planetary surface. In the United 

States, people who travel above an altitude of 80.5 km (50 statute miles) are 

designated astronauts. An altitude of 120 km (~75 miles or 400,000 ft) marks 

the boundary where atmospheric effects become noticeable during re-entry. 

The Kármán line, at 100 km (62 miles or 328,000 ft), is also frequently 

regarded as the boundary between atmosphere and outer space. 

Temperature and layers 

The temperature of the Earth's atmosphere varies with altitude; the 

mathematical relationship between temperature and altitude varies among 

six different atmospheric layers:  

Troposphere: From the Greek word "τρέπω" meaning to turn or mix. The 

troposphere is the lowest layer of the atmosphere; it begins at the surface 

and extends to between 7 km (23,000 ft) at the poles and 17 km (60,000 ft) 

at the equator, with some variation due to weather factors. The troposphere 

has a great deal of vertical mixing due to solar heating at the surface. This 

heating warms air masses, which makes them less dense so they rise. When 

an air mass rises the pressure upon it decreases so it expands, doing work 

against the opposing pressure of the surrounding air. To do work is to 

expend energy, so the temperature of the air mass decreases. As the 

temperature decreases, water vapor in the air mass may condense or 

solidify, releasing latent heat that further uplifts the air mass. This process 

determines the maximum rate of decline of temperature with height, called 

the adiabatic lapse rate. It contains roughly 80% of the total mass of the 

atmosphere. 50% of the total mass of the atmosphere is located in the lower 

5km of the troposphere.  

Stratosphere: From the Latin word "stratus" meaning a spreading out. The 

stratosphere extends from the troposphere's 7 to 17 km (23,000 – 60,000 ft) 

range to about 50 km (160,000 ft). Temperature increases with height. The 

stratosphere contains the ozone layer, the part of the Earth's atmosphere 

which contains relatively high concentrations of ozone. "Relatively high" 

means a few parts per million—much higher than the concentrations in the 

lower atmosphere but still small compared to the main components of the 

atmosphere. It is mainly located in the lower portion of the stratosphere 

http://english.turkcebilgi.com/temperature
http://english.turkcebilgi.com/outer+space
http://english.turkcebilgi.com/Kilometre
http://english.turkcebilgi.com/planet
http://english.turkcebilgi.com/United+States
http://english.turkcebilgi.com/United+States
http://english.turkcebilgi.com/altitude
http://english.turkcebilgi.com/astronaut
http://english.turkcebilgi.com/K%E1rm%E1n+line
http://english.turkcebilgi.com/temperature
http://english.turkcebilgi.com/altitude
http://english.turkcebilgi.com/lapse+rate
http://english.turkcebilgi.com/Troposphere
http://english.turkcebilgi.com/Greek+language
http://english.turkcebilgi.com/energy
http://english.turkcebilgi.com/latent+heat
http://english.turkcebilgi.com/adiabatic+lapse+rate
http://english.turkcebilgi.com/Stratosphere
http://english.turkcebilgi.com/Latin
http://english.turkcebilgi.com/ozone


13 

 

from approximately 15 to 35 km (50,000 – 115,000 ft) above Earth's 

surface, though the thickness varies seasonally and geographically.  

Mesosphere: From the Greek word "μέσος" meaning middle. The 

mesosphere extends from about 50 km (160,000 ft) to the range of 80 to 

85 km (265,000 – 285,000 ft), temperature decreasing with height. This is 

also where most meteors burn up when entering the atmosphere.  

Thermosphere: from 80 – 85 km (265,000 – 285,000 ft) to 640+ km 

(400+ mi), temperature increasing with height.  

Ionosphere: is the part of the atmosphere that is ionized by solar radiation. 

It plays an important part in atmospheric electricity and forms the inner 

edge of the magnetosphere. It has practical importance because, among 

other functions, it influences radio propagation to distant places on the 

Earth. It is located in the thermosphere and is responsible for auroras.  

Exosphere: from 500 – 1000 km (300 – 600 mi) up to 10,000 km (6,000 

mi), free-moving particles that may migrate into and out of the 

magnetosphere or the solar wind.  

Atmospheric pressure is a direct result of the total weight of the air above 

the point at which the pressure is measured. This means that air pressure 

varies with location and time, because the amount (and weight) of air 

above the earth varies with location and time.  

     Atmospheric pressure decreases with height, dropping by 50% at an 

altitude of about 5.6 km (18,000 ft). Equivalently, about 50% of the total 

atmospheric mass is within the lowest 5.6 km. This pressure drop is 

approximately exponential, so that pressure decreases by approximately 

half every 5.6 km. However, because of changes in temperature throughout 

the atmospheric column, as well as the fact that the force of gravity begins 

to decrease at great altitudes, a single equation does not model atmospheric 

pressure through all altitudes (it is modeled in 7 exponentially decreasing 

layers, in the equations given above). Even in the exosphere, the 

atmosphere is still present (as can be seen for example by the effects of 

atmospheric drag on satellites).  

     The equations of pressure by altitude in the above references can be 

used directly to estimate atmospheric thickness. However, the following 

published data are given for reference:
[
  

50% of the atmosphere by mass is below an altitude of 5.6 km.  

90% of the atmosphere by mass is below an altitude of 16 km. The 

common cruising altitude of commercial airliners is about 10 km.  

http://english.turkcebilgi.com/Mesosphere
http://english.turkcebilgi.com/Thermosphere
http://english.turkcebilgi.com/Ionosphere
http://english.turkcebilgi.com/aurora+(astronomy)
http://english.turkcebilgi.com/Exosphere
http://english.turkcebilgi.com/magnetosphere
http://english.turkcebilgi.com/solar+wind
http://english.turkcebilgi.com/satellite
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99.99997% of the atmosphere by mass is below 100 km (almost all of it). 

The highest X-15 plane flight in 1963 reached an altitude of 354,300 ft or 

108 km.  

     Therefore, most of the atmosphere (99.9997%) is below 100 km, 

although in the rarefied region above this there are auroras and other 

atmospheric effects. 

       The mean molar mass of air is 28.97 g/mol. Note that the composition 

figures above are by volume-fraction (V%), which for ideal gases is equal to 

mole-fraction (that is, fraction of total molecules). By contrast, mass-fraction 

abundances of gases, particularly for gases with significantly different 

molecular (molar) mass from that of air will differ from those by volume. For 

example, in air, helium is 5.2 ppm by volume-fraction and mole-fraction, but 

only about (4/29) × 5.2 ppm = 0.72 ppm by mass-fraction.  

Heterosphere 

Below the turbopause at an altitude of about 100 km (not far from the 

mesopause), the Earth's atmosphere has a more-or-less uniform composition 

(apart from water vapor) as described above; this constitutes the 

homosphere.
[3]

 However, above about 100 km, the Earth's atmosphere begins 

to have a composition which varies with altitude. This is essentially because, 

in the absence of mixing, the density of a gas falls off exponentially with 

increasing altitude, but at a rate which depends on the molar mass. Thus 

higher mass constituents, such as oxygen and nitrogen, fall off more quickly 

than lighter constituents such as helium, molecular hydrogen, and atomic 

hydrogen. Thus there is a layer, called the heterosphere, in which the earth's 

atmosphere has varying composition. As the altitude increases, the 

atmosphere is dominated successively by helium, molecular hydrogen, and 

atomic hydrogen. The precise altitude of the heterosphere and the layers it 

contains varies significantly with temperature.
 

The density of air at sea level is about 1.2 kg/m
3
(1.2 g/L). Natural 

variations of the barometric pressure occur at any one altitude as a 

consequence of weather. This variation is relatively small for inhabited 

altitudes but much more pronounced in the outer atmosphere and space due 

to variable solar radiation.  

     The atmospheric density decreases as the altitude increases. This 

variation can be approximately modeled using the barometric formula. 

More sophisticated models are used by meteorologists and space agencies 

to predict weather and orbital decay of satellites.  

http://english.turkcebilgi.com/North+American+X-15
http://english.turkcebilgi.com/Aurora+(astronomy)
http://english.turkcebilgi.com/ideal+gas
http://english.turkcebilgi.com/turbopause
http://english.turkcebilgi.com/Earth's+atmosphere#endnote_rf-3
http://english.turkcebilgi.com/molar+mass
http://english.turkcebilgi.com/helium
http://english.turkcebilgi.com/hydrogen
http://english.turkcebilgi.com/barometric+pressure
http://english.turkcebilgi.com/barometric+formula
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     The average mass of the atmosphere is about 5,000 trillion metric tons 

or 1/1,200,000 the mass of Earth. According to the National Center for 

Atmospheric Research, "The total mean mass of the atmosphere is 

5.148010
18

 kg with an annual range due to water vapor of 1.2 or 1.510
15

 kg 

depending on whether surface pressure or water vapor data are used; 

somewhat smaller than the previous estimate. The mean mass of water 

vapor is estimated as 1.2710
16

 kg and the dry air mass as 5.1352 

±0.000310
18

 kg."   

Composition dry atmosphere, volume. 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

                                              

      Theme 3.  The solar radiation 
 

The atmosphere, some sort of an open system, is not in thermodynamic 

equilibrium since the temperature and the radiation field vary in space and 

in time. Nevertheless, in the troposphere and within the stratosphere the 

emission of thermal radiation is still governed by Kirchhoff‘s law at the 

local temperature. The reason for this is that in these atmospheric regions 

the density of the air is sufficiently high so that the mean time between 

molecular collisions is much smaller than the mean lifetime of an excited 

state of a radiating molecule. Hence, equilibrium conditions exist between 

vibrational and rotational and the translational energy of the molecule. At 

levels higher than 50 km, the two time scales become comparable resulting 

in a sufficiently strong deviation from thermodynamic equilibrium so that 

Kirchhoff‘s law cannot be applied anymore. 

     Solar and thermal radiation is the main driving force of atmospheric 

circulation and chemistry. In addition, radiation reflected or emitted by the 

Earth's surface and atmosphere is utilised by remote sensing techniques to 

derive information about properties of the atmosphere and the surface from 

observations in space. A profound knowledge of radiation and its 

interaction with the atmosphere is therefore essential for many fields in 

atmospheric science. 

    Radiation is influenced by a wide range of parameters. These include the 

position of the sun, the reflectivity of the Earth's surface, profiles of air 
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pressure, humidity, and trace gases concentrations, the abundance, 

composition, and shape of particles (aerosols), as well as water and ice 

clouds. Water and ice clouds are key components for the following 

reasons: the influence of clouds (reflecting solar radiation and trapping 

thermal radiation) is comparatively large compared to that of the other 

parameters;  

about 70% of the Earth's surface are covered by clouds on average;  

the temperal and spatial variability of clouds (cloud cover, liquid and ice 

water content, droplet and particle size) is high. For the calculation of 

irradiance, radiance, and actinic flux in the Earth\u2019s atmosphere we 

are developing different tools, including the three-dimensional MYSTIC 

model. The image shows as an example the radiance reflected by 

convective clouds over inhomogeneous surface, as it would be observed by 

a satellite instrument from space. In this example the sun shines from the 

south under a zenith angle of 30° which is obvious from the shadows. The 

cloud was generated by a cloud-resolving model. Such simulated radiance 

distributions can be used for development and test of new remote sensing 

methods. MYSTIC correctly includes all relevant scattering and absorption 

processes in an inhomogeneous atmosphere and is used as a reference 

model. MYSTIC is part of the freely available radiative transfer package 

libRadtran, also developed by our group. 

    Concerning radiation in the atmosphere, our main research interests is 

focused on the basic understanding of the interaction of clouds and 

radiation: Development and test of remote sensing algorithms and cloud 

detection schemes Improvement of the parameterization of clouds in 

regional and global weather and climate models Quantification of the 

impact of radiation on atmospheric chemistry Calculation and prediction of 

solar radiation and ultraviolet radiation at the surface solar constant S0 = 

1,98 kал/ sм
2
·мin. Nearly all of the energy arriving on planet Earth and 

driving the various weather events, oceanic currents, and distribution of 

ecosystems originates with the sun. This intense solar radiation as it is known 

in physical geography originates in the sun‘s core and is eventually sent to 

Earth after convection (the vertical movement of energy) forces it away from 

the sun‘s core. It takes approximately eight minutes for solar radiation to 

reach the Earth after leaving the sun‘s surface.  

     Once this solar radiation arrives on Earth, its energy is distributed 

unevenly across the globe by latitude. As this radiation enters the Earth‘s 

http://geography.about.com/cs/latitudelongitude/a/latlong.htm
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atmosphere it hits near the equator and develops an energy surplus. Because 

less direct solar radiation arrives at the poles, they in turn develop an energy 

deficit. To keep energy balanced on the Earth‘s surface, the excess energy 

from the equatorial regions flows toward the poles in a cycle so energy will 

be balanced across the globe. This cycle is called the Earth-Atmosphere 

energy balance. 

   Once the Earth‘s atmosphere receives shortwave solar radiation, the 

energy is referred to as insolation. This insolation is the energy input 

responsible to moving the various Earth-atmosphere systems like the 

energy balance described above but also weather events, oceanic currents, 

and other Earth cycles.  

     Insulation can be direct or diffuse. Direct radiation is solar radiation 

received by the Earth‘s surface and/or atmosphere that has not been altered 

by atmospheric scattering. Diffused radiation is solar radiation that has 

been modified by scattering.  

Scattering itself is one of five pathways solar radiation can take when 

entering the atmosphere. It occurs when insolation is deflected and/or 

redirected upon entering the atmosphere by dust, gas, ice, and water vapor 

present there. If the energy waves have a shorter wavelength, they are 

scattered more than those with longer wavelengths. Scattering and how it 

reacts with wavelength size are responsible for many things we see in the 

atmosphere such as the sky‘s blue color and white clouds.  

Transmission is another solar radiation pathway. It occurs when both 

shortwave and longwave energy pass through the atmosphere and water 

instead of scattering when interacting with gases and other particles in the 

atmosphere.  

    Refraction can also occur when solar radiation enters the atmosphere. 

This pathway happens when energy moves from one type of space to 

another, such as from air into water. As the energy moves from these 

spaces, it changes its speed and direction when reacting with the particles 

present there. The shift in direction often causes the energy to bend and 

release the various light colors within it, similar to what happens as light 

passes through a crystal or prism.  

Absorption is the fourth type of solar radiation pathway and is the 

conversion of energy from one form into another. For example, when solar 

radiation is absorbed by water, its energy shifts to the water and raises its 

temperature. This is common of all absorbing surfaces from a tree‘s leaf to 
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asphalt. The final solar radiation pathway is reflection. This is when a 

portion of energy bounces directly back to space without being absorbed, 

refracted, transmitted, or scattered. An important term to remember when 

studying solar radiation and reflection is albedo. 

Albedo (albedo diagram) is defined as the reflective quality of a surface. It is 

expressed as a percentage of reflected insolation to incoming insolation and 

zero percent is total absorption while 100% is total reflection.  

In terms of visible colors, darker colors have a lower albedo, that is, they 

absorb more insolation, and lighter colors have high albedo, or higher rates of 

reflection. For example, snow reflects 85-90% of insolation, whereas asphalt 

reflects only 5-10%.  

     The angle of the sun also impacts albedo value and lower sun angles 

create greater reflection because the energy coming from a low sun angle is 

not as strong as that arriving from a high sun angle. Additionally, smooth 

surfaces have a higher albedo while rough surfaces reduce it.  

     Like solar radiation in general, albedo values also vary across the globe 

with latitude but Earth‘s average albedo is around 31%. For surfaces between 

the tropics (23.5°N to 23.5°S) the average albedo is 19-38%. At the poles it 

can be as high as 80% in some areas. This is a result of the lower sun angle 

present at the poles but also the higher presence of fresh snow, ice, and 

smooth open water- all areas prone to high levels of reflectivity. 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 4. Atmosphere’s  temperature regime 

 

        Atmospheric temperature is a measure of temperature at different 

levels of the Earth's atmosphere. It is governed by many factors, including 

incoming solar radiation, humidity and altitude. When discussing surface 

temperature, the annual atmospheric temperature range at any geographical 

location depends largely upon the type of biome, as measured by the 

Köppen climate classification. In the Earth's atmosphere, temperature 

varies greatly at different heights relative to the Earth's surface. The coldest 

temperatures lie near the mesopause, an area approximately 85 km (53 mi) 

to 100 km (62 mi) above the surface. In contrast, some of the warmest 

temperatures can be found in the thermosphere, which receives strong 

ionizing radiation at the level of the Van Allen radiation belt. 

http://www.kuuvikriver.info/uploads/science/albedo-physics.png
http://www.eoearth.org/image/Mean_Annual_albedo.JPG
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Insolation
http://en.wikipedia.org/wiki/Humidity
http://en.wikipedia.org/wiki/Altitude
http://en.wikipedia.org/wiki/Surface_temperature
http://en.wikipedia.org/wiki/Surface_temperature
http://en.wikipedia.org/wiki/Atmospheric_temperature_range
http://en.wikipedia.org/wiki/Biome
http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Mesopause
http://en.wikipedia.org/wiki/Thermosphere
http://en.wikipedia.org/wiki/Ionizing_radiation
http://en.wikipedia.org/wiki/Van_Allen_radiation_belt
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     Temperature varies as one moves vertically upwards from the Earth's 

Surface. The concept of a global temperature is commonly used in 

climatology, and denotes the average temperature of the Earth based on 

surface,
]
 near-surface or tropospheric measurements. These temperature 

records and measurements are typically acquired using the satellite or 

ground instrumental temperature measurements, then usually compiled 

using a database or computer model. Long-term global temperatures in 

paleoclimate are discerned using proxy data. 

     The atmosphere is described by winds, pressures, temperatures, and the 

distribution of various substances in gaseous, liquid, and solid forms. 

Water is the most important of these substances. Also important are the 

various other radiatively active (‗‗greenhouse‘‘) gases, including carbon 

dioxide and liquid or solid aerosol particulates. Most of the mass of the 

atmosphere is in the troposphere, which is comprised of the layers from the 

surface to about 12 km (8 km in high latitudes to 16 km at the equator) 

where the temperature decreases with altitude. The top of the troposphere 

is called the tropopause. Overlying this is the stratosphere, where 

temperatures increase with altitude to about 50 km or so (Fig. 1). The 

tropospheric temperature decreases with altitude are maintained by vertical 

mixing driven by moist and dry convection. 

 
 

The temperature profile of the standard atmosphere  

http://en.wikipedia.org/wiki/Climatology
http://en.wikipedia.org/wiki/Atmospheric_temperature#cite_note-2
http://en.wikipedia.org/wiki/Troposphere
http://en.wikipedia.org/wiki/Temperature_record
http://en.wikipedia.org/wiki/Temperature_record
http://en.wikipedia.org/wiki/Satellite_temperature_record
http://en.wikipedia.org/wiki/Instrumental_temperature_record
http://en.wikipedia.org/wiki/Thermometer
http://en.wikipedia.org/wiki/Computer_model
http://en.wikipedia.org/wiki/Paleoclimate
http://en.wikipedia.org/wiki/Proxy_(climate)
http://www.cwb.gov.tw/V7e/images/Meteorology/Q1.jpg
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Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 5. The water vapor in the atmosphere 

   Water vapor or aqueous vapor is the gas phase of water. It is one state of 

water within the hydrosphere. Water vapor can be produced from the 

evaporation or boiling of liquid water or from the sublimation of ice. Unlike 

other forms of water, water vapor is invisible.
[4]

 Under typical atmospheric 

conditions, water vapor is continuously generated by evaporation and 

removed by condensation. It is lighter than air and triggers convection 

currents that can lead to clouds. 

      Whenever a water molecule leaves a surface and diffuses into a 

surrounding gas, it is said to have evaporated. Each individual water 

molecule which transitions between a more associated (liquid) and a less 

associated (vapor/gas) state does so through the absorption or release of 

kinetic energy. The aggregate measurement of this kinetic energy transfer is 

defined as thermal energy and occurs only when there is differential in the 

temperature of the water molecules. Liquid water that becomes water vapor 

takes a parcel of heat with it, in a process called evaporative cooling. The 

amount of water vapor in the air determines how fast each molecule will 

return to the surface. When a net evaporation occurs, the body of water will 

undergo a net cooling directly related to the loss of water. 

     In the US, the National Weather Service measures the actual rate of 

evaporation from a standardized "pan" open water surface outdoors, at 

various locations nationwide. Others do likewise around the world. The US 

data is collected and compiled into an annual evaporation map. The 

measurements range from under 30 to over 120 inches per year. Formulas 

can be used for calculating the rate of evaporation from a water surface such 

as a swimming pool. In some countries, the evaporation rate far exceeds the 

precipitation rate. 

     Evaporative cooling is restricted by atmospheric conditions. Humidity is 

the amount of water vapor in the air. The vapor content of air is measured 

with devices known as hygrometers. The measurements are usually 

expressed as specific humidity or percent relative humidity. The 

temperatures of the atmosphere and the water surface determine the 

equilibrium vapor pressure; 100% relative humidity occurs when the partial 

pressure of water vapor is equal to the equilibrium vapor pressure. This 

http://en.wikipedia.org/wiki/Water_(molecule)
http://en.wikipedia.org/wiki/Phase_(matter)
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condition is often referred to as complete saturation. Humidity ranges from 

0 gram per cubic metre in dry air to 30 grams per cubic metre (0.03 ounce 

per cubic foot) when the vapor is saturated at 30 °C.  

Clouds, formed by condensed water vapor. Water vapor will only condense 

onto another surface when that surface is cooler than the dew point 

temperature, or when the water vapor equilibrium in air has been exceeded. 

When water vapor condenses onto a surface, a net warming occurs on that 

surface. The water molecule brings heat energy with it. In turn, the temperature 

of the atmosphere drops slightly.
[10]

 In the atmosphere, condensation produces 

clouds, fog and precipitation (usually only when facilitated by cloud 

condensation nuclei). The dew point of an air parcel is the temperature to 

which it must cool before water vapor in the air begins to condense. 

      Also, a net condensation of water vapor occurs on surfaces when the 

temperature of the surface is at or below the dew point temperature of the 

atmosphere. Deposition, the direct formation of ice from water vapor, is a 

type of condensation. Frost and snow are examples of deposition. 

      Gaseous water represents a small but environmentally significant 

constituent of the atmosphere. The percentage water vapor in surface air 

varies from a trace in desert regions to about 4% over oceans.
[13]

 

Approximately 99.13% of it is contained in the troposphere. The 

condensation of water vapor to the liquid or ice phase is responsible for 

clouds, rain, snow, and other precipitation, all of which count among the 

most significant elements of what we experience as weather. Less obviously, 

the latent heat of vaporization, which is released to the atmosphere whenever 

condensation occurs, is one of the most important terms in the atmospheric 

energy budget on both local and global scales. For example, latent heat 

release in atmospheric convection is directly responsible for powering 

destructive storms such as tropical cyclones and severe thunderstorms. 

Water vapor is also the most potent greenhouse gas owing to the presence of 

the hydroxyl bond which strongly absorbs in the infra-red region of the light 

spectrum. 

     Because the water vapor content of the atmosphere will increase in 

response to warmer temperatures, there is a water vapor feedback which is 

expected to amplify the climate warming effect due to increased carbon 

dioxide alone. It is less clear how cloudiness would respond to a warming 

climate; depending on the nature of the response, clouds could either further 

amplify or partly mitigate warming from long-lived greenhouse gases. 
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Fog and clouds form through condensation around cloud condensation 

nuclei. In the absence of nuclei, condensation will only occur at much lower 

temperatures. Under persistent condensation or deposition, cloud droplets or 

snowflakes form, which precipitate when they reach a critical mass. 

 
Increasing stratospheric water vapor at Boulder, Colorado. 

 

The water content of the atmosphere as a whole is constantly depleted by 

precipitation. At the same time it is constantly replenished by evaporation, 

most prominently from seas, lakes, rivers, and moist earth. Other sources 

of atmospheric water include combustion, respiration, volcanic eruptions, 

the transpiration of plants, and various other biological and geological 

processes. The mean global content of water vapor in the atmosphere is 

roughly sufficient to cover the surface of the planet with a layer of liquid 

water about 25 mm deep. The mean annual precipitation for the planet is 

about 1 meter, which implies a rapid turnover of water in the air – on 

average, the residence time of a water molecule in the troposphere is about 

9 to 10 days. 

      Episodes of surface geothermal activity, such as volcanic eruptions and 

geysers, release variable amounts of water vapor into the atmosphere. Such 

eruptions may be large in human terms, and major explosive eruptions may 

inject exceptionally large masses of water exceptionally high into the 

atmosphere, but as a percentage of total atmospheric water, the role of such 

processes is minor. The relative concentrations of the various gases emitted 

by volcanoes varies considerably according to the site and according to the 

particular event at any one site. However, water vapor is consistently the 
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commonest volcanic gas; as a rule, it comprises more than 60% of total 

emissions during a sub aerial eruption.  

     Atmospheric water vapor content is expressed using various measures. 

These include vapor pressure, specific humidity, mixing ratio, dew point 

temperature, and relative humidity. 

     In meteorology, a cloud is a visible mass of liquid droplets or frozen 

crystals made of water or various chemicals suspended in the atmosphere 

above the surface of a planetary body. These suspended particles are also 

known as aerosols. Clouds in Earth's atmosphere are studied in the cloud 

physics branch of meteorology. Two processes, possibly acting together, 

can lead to air becoming saturated; cooling the air or adding water vapor to 

the air. In general, precipitation will fall to the surface; an exception is 

virga, which evaporates before reaching the surface. 

The international cloud classification system is based on the fact clouds in 

their most basic forms can show free-convective upward growth like 

cumulus, appear in non-convective layered sheets such as stratus, or take 

the form of thin fibrous wisps, as in the case of cirrus. Prefixes are used in 

connection with clouds to express variations or complexities in these basic 

forms or to specify middle or high altitude ranges. These include strato- for 

low clouds with limited convection that form mostly in uneven layers, 

cumulo- for complex highly-convective storm clouds, nimbo- for thick 

layered clouds of some complexity that can produce moderate to heavy 

precipitation, alto- for middle clouds, and cirro- for high clouds; the latter 

two of which may be of simple or moderately complex structure. Whether 

or not a cloud is low, middle, or high level depends on how far above the 

ground its base forms. Cloud types with significant vertical extent can form 

in the low or middle altitude ranges depending on the moisture content of 

the air. Clouds in the troposphere have Latin names due to the popular 

adaptation of Luke Howard's cloud categorization system, which began to 

spread in popularity during December 1802. Synoptic surface weather 

observations use code numbers to record and report the types of 

tropospheric cloud visible at each scheduled observation time based on the 

height and physical appearance of the clouds. 

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 
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Theme 6. The pressure and the wind. 

 

      Acts in all directions because the atmosphere is a gas. Example: the 

weight of air on the roof of a typical house is about 2,000,000 pounds, 

however the roof does not collapse because the same force acts on both the 

top and bottom of the roof.  

In the atmosphere as air is heated it expands. Because it expands it 

becomes less dense and therefore, rises. This creates an area of low 

pressure at the surface. As the warm air rises it begins to cool, eventually 

causing it to sink back to the surface creating an area of high pressure. In 

general, air flows towards areas of low pressure and away from areas of 

high pressure.  

Measurement of Pressure.  Mercury barometer - the pressure air exerts on a 

column of mercury. At sea level this pressure averages 29.92 inches.  

    Aneroid barometer - uses a partial vacuum that expands or contracts as a 

function of changing atmospheric pressure. Same device as an altimeter in 

airplanes. Pressure is usually given in inches of mercury by television 

weathermen. But the National Weather Service reports pressure in 

millibars. For those scientists out there one millibar = 10 newtons.  

Wind. Caused by pressure gradients. Wind is an attempt to equalize the 

pressure differential. This differential is the result of unequal heating of 

different portions of the Earth's surface.  

Pressure Gradient - the change in air pressure with distance.(Figure)  

 
 

Winds start blowing perpendicular to the pressure gradient, but the Coriolis 

effect deflects the wind to the right in the Northern Hemisphere. Results in 

a spiral-like effect in which the winds end up blowing parallel to the 

pressure isobars.  
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Wind direction is generally given as the direction from which the wind is 

blowing. Therefore a westerly wind would be one that blows from west to 

east.  

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 7. Atmosphere’s cirkulation 

Types of Winds 

Cyclone - low pressure system, wind blows in a counterclockwise direction  

Anticyclone - high pressure system, clockwise wind circulation  

Land-Sea Breeze - (Figure) result from differences in temperatures of the 

land surface and ocean. During the daytime the land heats up more rapidly 

than the ocean, the warm air rises and cool air blows in from the ocean to 

take its place. At night the opposite occurs. The land cools quickly while 

the ocean remains warmer. The wind direction reverses itself and blows 

offshore as the warm ocean air rises and the cooler air from the land moves 

in to take the place of the rising air.  

 
 

Monsoons - seasonal land-sea breezes. During the winter cool, dry air 

flows offshore to the ocean. In the summer cooler, moist air from the ocean 

flows landward. If it is pushed upward by a mountain range it looses its 

moisture as it rises and cools.  

Chinook Winds - warm, dry winds that flow downslope. Occurs when a 

low pressure system is on the lee side of a mountain range. Air rushes 

downslope toward the low and is heated by compression. Example, 

Southern California Santa Ana Winds are caused when air moves down 

through passes from the high desert to the coastline. It is heated by 
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compression due to the pressure increase at sea level relative to the typical 

3000 foot altitude of the high desert.  

Global Wind Circulation (Figure). At the equator the Earth receives the 

maximum amount of thermal energy from the Sun. This causes equatorial 

air to rise, losing its precipitation in the process.  

 

 
 

Steady surface winds are absent in this area (doldrums), but aloft the winds 

diverge to flow northward or southward toward the poles. As the wind 

flows to the north or south the Coriolis effect deflects it. At about 30 

degrees N or S the winds are flowing due east.  
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As the air moves northward it cools. By 30 degrees north latitude it is cool 

enough it begins to sink to the surface creating the subtropical high 

pressure areas. It warms as it cools and since it lost most of its moisture at 

the equator it is very dry (note that most desert are located 30 degrees N or 

S of the equator)(Figure). Since the air movement is vertical there is an 

absence of surface wind in the "horse latitudes".  

The descending air splits with some flowing back toward the equator and 

some continuing poleward. Surface winds blowing toward the equator are 

deflected until they are blowing from the northeast (in the Northern 

Hemisphere) to give us the "Trade Winds".  

The winds flowing toward the poles are also deflected by the Coriolis 

effect to give us the prevailing "Westerlies" of the middle latitudes.  

At the poles the cold air sinks and flows toward the lower latitudes. It is 

deflected to give the polar "Easterlies". These converge with the prevailing 

Westerlies at the Polar Front at 60 degrees N or S of the equator. 

This global circulation model is termed the three-cell model. Keep in 

mind, this is only a general model and local geography as well as seasonal 

changes have considerable effect on patterns of wind circulation.  

Air Masses  

Large volumes of air that have uniform characteristics at any given 

latitude. Air masses are named for where the originate:  

Arctic/Antarctic (A) - at the poles  

Polar (P) - to the south (or north) of the polar front  

Tropical (T) - form in the region from 30 to 60 degrees north or south of 

the equator  

Equatorial (E) - form near the equator 

Sub-classified as:  

Continental (c) - form over continents (dry)  

Maritime (m) - form over oceans (moist) 

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 8. Climate former 
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       There are many factors that affect climate. The most important factors 

are the ocean currents, distance from the sea, wind direction, shape of the 

land, the El Nino phenomenon, and the distance from the equator. 

Factors affecting Climate 

There are a number of factors that affect the climate of a particular place in 

the world. The combination of these factors is what gives every place on 

earth its own distinct climate. We use the acronym LOWERN to remember 

the main factors: 

L- Latitude 

O- Ocean Currents 

W- Wind 

E- Elevation 

R- Relief 

Near Water Latitude. Latitude controls the amount of solar radiation that 

reaches the surface of the earth. The general rule for latitude is that the farther 

away from the equator you are the less energy that is reaching the ground at 

any point in time. This is due to two factors: 

The angle at which the sun's rays are positioned to the surface of the earth 

based on its curvature. The amount of atmosphere that the light has to travel 

through at a particular latitude. As latitude increase the angle at which the 

sun's rays hit the ground decreases. This effect is amplified by the tilt of the 

Earth and the resultant seasons. This means that the same amount of energy 

coming from the sun is spread out over a greater area. This leads to decreased 

temperatures and evaporation rates at higher latitudes. As the thickness of 

atmosphere increases the amount of absorption, scattering, and reflection 

increases leading to a corresponding decrease in light reaching the ground.  

The differential heating of the land, air, and water produced by these 

latitudinal variations leads to the creation of global winds and ocean currents. 

Ocean Currents. Throughout the world's oceans there are three dimensional 

underwater rivers that circulate water all over the globe. The water in these 

currents differs from their surroundings due to differences in their 

temperatures and chemical composition. They are driven by wind, and 

differences in temperature and salinity. Currents can move vast amounts of 

water. The Gulf Stream moves about 30 million cubic meters of water per 

second (more than 5 x all the freshwater rivers in the world combined). These 

currents play an important role in the global redistribution of heat and the 

moderation of climates all over the world.  
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An example of this are the cities Edmonton and Edinburgh are at the same 

latitude, but have very different climates. Warm currents heat the air above 

the water causing a milder wetter climate even at higher latitudes. Cold 

currents lead to cold dry climates, due to the fact that cold air cannot 

evaporate as much water as warm.  

The wind. Theoretically global wind patterns would be two large convection 

cells with warm air rising at the equator and falling at the poles which in turn 

would flow back to the equator. However, other forces affect the rising and 

falling of air on the earth‘s surface (ex Coriolis Force). The Coriolis Force 

deflects wind to the right in the northern hemisphere and to the left in the 

southern. Convection cells form where warm air coming from the equator 

meets cold air moving in the opposite direction creating a high pressure 

system as the air sinks. These subtropical highs occur at approximately 30
o
 

and polar fronts occur at approximately 60
o
. The descending air of the 

subtropical highs leads to two wind patterns on the surface, the trade winds 

(blowing towards the equator) and the westerlies (blowing towards the poles). 

The trade winds converge near the equator and rise as they are heated 

creating the area known as the Inter Tropical Convergence Zone (ITCZ) or 

doldrums. The westerlies meet winds coming from the polar fronts which 

forces air up creating the subpolar lows. These movements lead to three 

distinct cells of air circulation in each hemisphere. 

Elevation. As altitude increases, the corresponding temperature of air 

decreases. It decreases at the environmental lapse rate of 6.4
o
C/1000m. Solar 

radiation only turns into heat when it is absorbed by a body of matter. Lower 

down in the atmosphere the air is denser and contains more water vapour, air 

molecules, dust etc. Therefore more energy can be absorbed and turned into 

heat (longwave radiation) at lower elevations. Heat from the surface of the 

earth moves up through longwave radiation and convection currents (called 

sensible heat flux). 

Relief. Mountains form a natural barrier that cause air masses to rise. As air 

is forced to rise it expands as gravity decreases, it becomes less dense and 

cools. As air rises from the ground it cools at the Dry Adiabatic Lapse Rate 

(DALR) which is 10
o
C/1000m. Eventually it will reach an altitude where the 

moisture in the air condenses forming clouds (Condensation Level) and it 

will then cool at the Saturated Adiabatic Lapse Rate (SALR) which is about 

4.5
o
C/1000m. The SALR is less than the DALR because as moisture 

condenses heat is released, which slows the cooling. As air descends the other 
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side of the mountain it will become unsaturated and the temperature will 

increase at the DALR. This can lead to phenomena such as Chinooks (in the 

Rockies) and Fohns (in the Alps). 

 Near Water. Water bodies provide a source of moisture for the land masses 

of the world. This generally leads to areas close to water having wetter 

climates except: At high latitudes.  

Strong offshore winds. Cold ocean currents. Water bodies also have a 

moderating affect on the climates of the land masses near to them. Insolation 

is unable to penetrate the lithosphere unlike water so it can only heat the 

surface of the land. Water can heat to some depth because of penetration of 

light and circulation within the water bodies. Because of this land can heat up 

or cool down much quicker than water, so the water has a moderating effect 

on the land around it. In the summer the water acts like an air conditioner to 

keep the air temperatures cool. In the winter water acts like a heater to keep 

the temperatures from getting too cold. 

This affect is most noticeable in the mid-latitudes where there is a constant 

onshore wind 

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 9. Climate of the Earth. The climate classifications. 

 

      Climate encompasses the statistics of temperature, humidity, 

atmospheric pressure, wind, precipitation, atmospheric particle count and 

other meteorological elemental measurements in a given region over long 

periods. Climate can be contrasted to weather, which is the present 

condition of these elements and their variations over shorter periods. 

A region's climate is generated by the climate system, which has five 

components: atmosphere, hydrosphere, cryosphere, land surface, and 

biosphere. The climate of a location is affected by its latitude, terrain, and 

altitude, as well as nearby water bodies and their currents. Climates can be 

classified according to the average and the typical ranges of different 

variables, most commonly temperature and precipitation. The most 

commonly used classification scheme was originally developed by 

Wladimir Köppen. The Thornthwaite system, in use since 1948, 

incorporates evapotranspiration along with temperature and precipitation 
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information and is used in studying animal species diversity and potential 

effects of climate changes. The Bergeron and Spatial Synoptic 

Classification systems focus on the origin of air masses that define the 

climate of a region. 

Paleoclimatology is the study of ancient climates. Since direct observations 

of climate are not available before the 19th century, paleoclimates are 

inferred from proxy variables that include non-biotic evidence such as 

sediments found in lake beds and ice cores, and biotic evidence such as tree 

rings and coral. Climate models are mathematical models of past, present 

and future climates. Climate change may occur over long and short 

timescales from a variety of factors; recent warming is discussed in global 

warming. Climate is the typical pattern of conditions of the earth‘s 

atmosphere over a given region, as defined by factors such as temperature, 

air pressure. humidity, precipitation, sunlight, cloudiness, and winds. The 

World Meteorological Organization defines climate as "the statistical 

description in terms of the mean and variability of relevant quantities over 

a period of time," where an appropriate period is typically at least thirty 

years. Climate can be assessed at different, overlapping geographic 

regions. For example, Earth is thought to have a climate that is distinct 

from that of other planets, while different regions of Earth are also thought 

to have distinct climate types. Climate is often described as the "average" 

conditions; however, since daily and seasonal variability (including 

extremes) are critical determinants, using the term "average" can be 

problematic.  

Climate can also be defined as the exchange of mass and energy between 

the surface of the Earth and its atmosphere over time. Each location on 

Earth has a specific climate which is dictated by physical attributes 

(latitude, longitude, altitude, relationships to oceans and other water 

bodies), and influenced by surrounding biological conditions, including 

land cover and ecological conditions. 

Climate is rooted the interaction of radiation from the sun with the earth 

system and how that radiation warms the planet. Factors affecting how 

much radiation reaches the earth include the condition of the sun and the 

orbit of the earth relative to the sun. The level of radiation reaching the 

earth is subject to some short term disturbances (such as solar storms), the 

annual cycle of the earth as it orbits the sun (resulting in the seasons), and 

longer term shifts in the earth‘s motion over periods of tens of thousands of 

http://en.wikipedia.org/wiki/Spatial_Synoptic_Classification_system
http://en.wikipedia.org/wiki/Spatial_Synoptic_Classification_system
http://en.wikipedia.org/wiki/Paleoclimatology
http://en.wikipedia.org/wiki/Lake_beds
http://en.wikipedia.org/wiki/Ice_cores
http://en.wikipedia.org/wiki/Climate_model
http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Global_warming
http://en.wikipedia.org/wiki/Global_warming
http://www.eoearth.org/article/Earth's_Atmosphere
http://www.eoearth.org/article/Temperature
http://www.eoearth.org/article/Precipitation_and_fog
http://www.eoearth.org/article/Solar_radiation
http://www.eoearth.org/article/Wind
http://www.eoearth.org/article/Energy
http://www.eoearth.org/article/Solar_radiation


32 

 

years (see Milankovitch cycles). While the influence of changes solar 

radiation on the earth is a subject of study for scientists addressing climate 

change, it is regarding by most scientists as being not a significant factor in 

the rapid changes in the earth‘s climate over the past century. Rather, 

scientific attention on changes in earth‘s climate are focused on primarily 

factors within the earth system, particularly those factors which are being 

impacted by human behavior (anthropogenic climate change). 

Factors Affecting Climate  

Important factors within the Earth-Sun system which affect climate 

include: 

Atmospheric conditions, including such factors as cloud cover and the 

concentration of various gases and particles Solar fluctuations 

(inlcuding short term effects such as solar flares; cyclical variations that occur 

over decades, centuries, or millennia; and very long term (billion year) 

changes in intensity   Relationship of Earth to the sun, including orbital 

oscillations and variations in axial tilt. The oceans, through such factors as 

techtonically determined distribution of land and water, long-distance ocean 

currents, heat storage, and absorption of greenhouse gases Albedo, or 

reflectivity of dfferent colored surfaces Land cover through factors like 

mountains, valleys ande plains, the extent and type of ice, snow and water, 

type and extent and types of vegetation cover Human activities influence 

some of these, including agricultural choices such as emphasis on grazing 

animals and rice cultivation, both of which lead to high methane levels, one 

of the most potent greenhouse gases; and urbanization and agriculture, which 

can affect albedo over large areas. 

Climate and the Oceans 

The oceans and seas of the world have a profound effect on climate, not 

only due to the massive amount of thermal exchange between the 

atmosphere and water, but also due to the kinetic energy and gas exchanges 

that occur on a massive scale. The inherent spatial heterogeneity of the 

world's oceans create dynamic drivers to the atmospheric system, of a 

continually changing nature. Small changes in ocean currents or gyres can 

have a strong impact on atmospheric circulation. 

Thermohaline circulation (THC) refers to ocean currents driven by fluxes 

of heat and salinity gradients throughout the seas of the world.The 

phenomenon of thermohaline circulation includes formation of cold 

deepwater masses, deep-sea movement of this cold water, subsequent 
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ocean interior mixing of heat and salt, and return flow of surface warm 

currents. Thermohaline circulation can be affected by variations in climate, 

but any alteration in thermohaline circulation can conversely have an affect 

on global climate. The feedback mechanisms between ocean and climate 

are incompletely understood, but generally the oceans are a damping effect 

on the faster frequency atmospheric meteorological oscillations. 

Climate and Land Cover 

Land cover has profound influence over climate through a variety of 

mechanisms. Changes in vegetative cover, for example, can alter the 

Earth's albedo and hence modify surface temperatures; moreover, reduction 

in vegetative cover leads to increase in carbon dioxide concentrations in 

the atmosphere and hence contribute to temperature elevation. 

Correspondingly when vegetative cover is replaced with urbanization, an 

urban heat island effect can arise, where surface temperatures not only rise, 

but remain elevated due to heat storage in large amounts of pavement and 

masonry material. Reduction in vegetative cover has further impacts on 

climate through the hydrologic cycle. Large scale reduced vegetative 

cover, such as deforestation, can increase surface runoff, not only 

aggravating flooding peaks, but also reducing the near surface water 

holding capacity. These effects are thought to be widespread in drought 

increases in Africa over the last four decades. In Morocco, for example, the 

water runoff is concentrated more in the spring months, aggravating spring 

flooding, but also depriving humans and animals from summer surface 

water supplies, and likely contributing to a reduction in evapotranspiration 

and precipitation.  The issues of the region of Africa are complex, and very 

likely factors of urbanization and overgrazing are instrumental in the trend 

of drought and desertification ot this region. 

Microclimates 

Microclimate refers to the set of meteorological parameters that 

characterize a limated locale. Examples of areas for which a microclimate 

might be defined are: 

A small watershed or portion of a larger basin (examples: Napa River 

watershed, California, Danube Delta Biosphere Reserve, Romania) 

A localized component of a mountain range or smaller mountain range 

(examples: Piatra Craiului National Park, Romania, Table Mountains, 

California).  
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       A town or village (examples:  Windhoek, Namibia, Stonehaven, 

Scotland) In some cases microclimate is construed as extremely localized 

phenomena; for example, in the design of sound barriers for urban freeways, 

the scale of interest may be chiefly over tens of meters, and microclimate and 

topographic data may be collected within an extremely limited area in order 

to analyze the proper mitigation design. The parameters typically associated 

with microclimate include conventional variables such as air temperature, 

relative humidity, solar insulation flux, wind speed, wind direction; however, 

there may even greater attention on parameters that are associated with 

localized effects such as: air thermal gradient, soil temperature, soil thermal 

gradient, soil moisture content, wind turbulence (vertical and horizontal), 

near surface wind shear.  The study of microclimates is often geared toward 

understanding the impacts upon habitat and biodiversity, but also upon 

agricultural production and upon human comfort. Microclimates are 

extremely important in understanding the phenomena of air pollutant 

dispersal, noise pollution, thermal pollution and other environmental science 

factors. 

Climate Classification 

Many scientists or climatologists studying Earth's past and modern climate 

record do so in an attempt to establish useful climate classification schemes. 

In the past for example, climates were determined based on travel, regional 

knowledge and latitude. An early attempt the classify Earth's climates was 

Aristotle's Temperate, Torrid and Frigid Zones. Today, climate classifications 

are based on the causes and effects of climate. A cause for example would be 

the relative frequency over time of a specific type of air mass over an area 

and the weather patterns it causes. A climate classification based on an effect 

would be one concerned with vegetation types present an area.  

The Köppen System. The most widely used climate classification system in 

use today is the Köppen System, which was developed over a period from 

1918 to 1936 by Vladimir Köppen. The Köppen System (map) classifies the 

Earth's climates based on natural vegetation types as well as the combination 

of temperature and precipitation.  

In order to classify different regions based on these factors, Köppen used a 

multi-tiered classification system with letters ranging from A-E (chart). These 

categories are based on temperature and precipitation but generally line up 

based on latitude. For example, a climate with a type A, is tropical and 

because of its characteristics, a climate type A is almost completely confined 
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to the region between the equator and the Tropics of Cancer and Capricorn. 

The highest climate type in this scheme is polar and in these climates, all 

months have a temperature below 50°F (10°C). 

In the Köppen System, the A-E climates are then subdivided into smaller 

zones which are represented by a second letter, which can then be further 

subdivided to show more detail. For A climates for example, the second 

letters of f, m and w indicate when or if a dry season occurs. Af climates have 

no dry season (such as in Singapore) while Am climates are monsoonal with 

a short dry season (as in Miami, Florida) and Aw has a distinctive long dry 

season (such as that of Mumbai). The third letter in the Köppen 

classifications represents the temperature pattern of the area. For example, a 

climate classified as Cfb in the Köppen System would be mild, located on the 

marine west coast, and would experience mild weather throughout the year 

with no dry season and a warm summer. A city with a climate of Cfb is 

Melbourne, Australia. 

The Alisov System. The classification proposed by Alisov was based on 

radiation balance (temperature) and air circulation (wind direction). His 

climatic types were accepted by Kaigorodov (1955) as a basis for his Natural 

Global Climate Classification. Kaigorodov accepted Alisov‘s classification 

as the one most suitable for botanical studies and since than many botanists 

employ it. According to Alisov, there are three climate types in the FSU: 

subtropical (or warm temperate), temperate, and arctic. Different territorial 

parts may be influenced by different main geographical factors. The climate 

of the western regions, under the influence of the Atlantic Ocean, was termed 

the Atlantic; that of the mainland regions was the Continental, including 

southern Asian regions; as well as the Pacific and the Arctic for eastern and 

northern regions, respectively. 

 

Main literature: 1, 8, 9, 10 

Additional literature: 1, 2, 3, 4. 

 

Theme 10. Global and anthropogenic climate changes 

 

Natural Climate Drivers 

There are several natural large scale climate driving phenomena generated 

in the Earth crust or oceans, which can affect climate over large regions of 

the globe for periods of at least several years: 
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El Niño and La Niña - Southern Oscillation 

Volcanic emission 

Degassing of subsea methane clathrates. 

Climate change is a significant and lasting change in the statistical 

distribution of weather patterns over periods ranging from decades to 

millions of years. It may be a change in average weather conditions, or in 

the distribution of weather around the average conditions (i.e., more or 

fewer extreme weather events). Climate change is caused by factors that 

include oceanic processes (such as oceanic circulation), biotic processes, 

variations in solar radiation received by Earth, plate tectonics and volcanic 

eruptions, and human-induced alterations of the natural world; these latter 

effects are currently causing global warming, and "climate change" is often 

used to describe human-specific impacts. Scientists actively work to 

understand past and future climate by using observations and theoretical 

models. Borehole temperature profiles, ice cores, floral and faunal records, 

glacial and periglacial processes, stable isotope and other sediment analyses, 

and sea level records serve to provide a climate record that spans the geologic 

past. More recent data are provided by the instrumental record. Physically 

based general circulation models are often used in theoretical approaches to 

match past climate data, make future projections, and link causes and effects 

in climate change.    

    During the 20
th
 century, a global warming of between 0.4

O
 C and 0.7

O
 C 

occurred, at a maximum rate, in the early decades of the century, of about 

1.7O C/century. In comparison, our best regional climate records show that 

over the last 10,000 years natural climate cycling has resulted in 

temperature highs up to at least 1
O
 C warmer than today, at rates of 

warming up to  2.5
O
 C/century. 

Climate Modeling  

Mathematical models have been employed since the middle of the 

twentieth century to describe and predict climate, based on a range of  

variables (see here for a complete history of climate modeling). The scale 

of climate modeling ranges includes localized effects on microclimates 

(microscale modeling); regional effects for larger geographic regimes 

(mesoscale modeling); and, in the latter part of the twentieth century 

environmental scientists began the serious undertaking of global modeling 

of climate effects. Microscale modeling can be driven by simple terrestrial 

based instrumentation such as anemometers, ground mounted thermal 
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sensors and humidity guages, whereas regional and global modeling places 

more demand upon aircraft, balloon and satellite platforms with remote 

sensing applications. 

 

Main literature: 1, 8, 9, 10 

Additional literature: 1, 2, 3, 4. 

 

7. PLAN OF SEMINAR LESSONS  

 

Methodical recommendations: 

     Practical lessons are classroom lessons held as seminars on special 

themes. They are intended for consolidation and deep studying of the 

lecture material in practice. Seminars encourage students to work with 

main and additional literature. The methodology of the studies may 

include answers to the questions and answers on the test task. Inductive 

and deductive methods of teaching for developing the ability to reveal 

understanding of the lecture material is used. Responses are evaluated on 

a 100-point scale.    

 

Theme 1. There are subject, меthods and tasks in meteorology and 

climatology 

 

Questionnaire: 

1. What is the atmosphere? 

2. What factors influence the change in atmospherecomposition? 

3. What does meteorology study? 

4. What are the main sections of meteorology? 

5. List the basic meteorological quantities and phenomena. 

6. What is the weather and climate? 

7. What are methods for studies of the atmosphere? 

8. What are the requirements for hydrometeorological information? 

9. What are examples of human influence on atmospheric processes? 

Tasks: 
1.Learn about the work of meteorological service, the methods of 

observation and requirements to them. Learn about the notion of 

time;obtain the skills solving problems on this topic. 

2.Solve the following problems: 
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а) Convert the units of angular measurementinto the units of time: 

28
0
40

/
15

//
; 130

0
50

/
30

//
; 5

0
50

/
45

//
; 98

0
23

/
30

//
; 

b) Convert the units of time into the units of angular measurement: 10 

hours 28 min 20 sec; 1 hour 0 min 44 sec; 19 hours 17 min 13 sec; 5 

hours 56 min 16 sec. 

c) A station‘s longitude is 93
0
15

/ 
e.l. (eastern longitude). Determine the 

average solar time, if daylight savings time is 18 hours 30 min;    0 

hours 40 min. 

d) What is the time difference between points:  10
0
10/ w.l. (western 

longitude) and 64
0
17/  w.l.in belt time and in mean solar time ? 

e) A station‘s longitude is 79
0
16/e.l. What time should the station‘s 

clock show at 1) 12 o‘clock Moscow time,  2) 17 o‘clock Аstana time 

if the clockworks by mean solar time ? 

f) Mean solar time on point А (129
0
43/ e.l.) is 13 hours. What is 

thedaylight savings time and mean solar time at that moment on point 

B (48
0
02/ e.l. ),  point C(92

0
49/e.l.) and point D (131

0
55/ e.l.)?   

 

Theme 2. General information about Earth’s atmosphere 

 

Questionnaire: 

1. What gases are part of the air? 

2. What is the role of water vapor in the atmosphere? 

3. What is the role of carbon dioxide in the atmosphere? 

4. How ozone is formed and what is its impact on the temperature of 

the high layers of the atmosphere? 

5. What are aerosols and how do they enter the atmosphere? 

6. What is the height of the atmosphere? 

7. What is different in the composition of the high layers of the 

atmosphere from the composition of its bottom layers? 

8. In which levels the atmosphere is divided vertically and how does 

the air temperature change in these layers with height? 

9. What is the air mass? Geographic classification of air masses. 

10. How does the air density change with height? 

11. How and why does the atmospheric pressure change with height? 

12. What is called the pressure level?  

13. What pressure is given to the sea level? 

14. What are isobars? How are they drawn? 
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15. What are the baric systems and what are their characteristics? 

16. What is the horizontal pressure gradient? 

17. What are the daily variations of atmospheric pressure and on what 

factors does it depend? 

Task 1. Get acquainted with equipment for measuring atmospheric 

pressure. 

Task 2. Solve the following problems: 

1.  On the equatorat the lower level of the stratosphere the atmospheric 

pressure is 120 мb and temperature is -75° on average. On the North 

Pole it is 325 мb and the temperature is-55°. Determine the density of 

air at the lower level of the stratosphere on the equator and on the 

North Pole considering that the air is dry. 

2.  In the mid-latitudes of the Earth's surface the air temperature varies 

from  - 40° to +40°throughout the year. The air pressure varies from 

970 to 1020 mb. Find the biggest and the smallest value of the pressure 

step of the Earth's surface. 

4.  The following meteorological elements were measured 

simultaneously at the foot and at the top of the mountain: the air 

temperature and air pressure at the foot were - 2°.0 and 757 mm; at the 

top  - 6°.9 and 649 mm.What is the height of the mountain? 

5. A station is on thelatitude of 42°; the height above sea levelis 504 

meters, the air temperature is 18° andair pressure shows 

972,1мb.Convert the air pressure to sea level values.  

 

Theme 3. The solar radiation 

 

Questionnaire: 

1.What flows of radiant energy are observed in the atmosphere? 

2. What is the spectral composition of the solar radiation outside the 

Earth's atmosphere and what is it on the Earth's surface? 

3. What is the solar constant, what does it depend on? 

4. Why does solar radiation decrease or increasein the atmosphere? 

5. What is called the coefficient of transparency? 

6. What is turbidity factor? 

Task 1. Solve the following problems: 

1. The intensity of solar radiation is 1,00kal/sm
2
.мin., while the height 

of the sun is 30
0
. How much less solar radiation falls onto a horizontal 
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surface of the Earth compared to the radiation coming to the roof of a 

house? The roof is under  45
0
 angle to the rays of the sun.  

2. The height of the Sun is 30
0
31

/
, the intensity of solar radiation is 

1,29kal/sm
2
.мin., the intensity of diffuse radiation is 0,14 kal/sm

2
.мin. 

How much thermal radiation is absorbed by the surface of the Earth, if 

it is covered by grass with the albedo of 19%? 

3. The intensity of solar radiation is 1,00kal/sm
2
.мin., and the Sun‘s  

rays are perpendicular to the Earth surface. The intensity of diffuse 

radiation is 0,10kal/sm
2
.мin, efficient emission (effective radiation) is 

0,12 kal/sm
2
.мin. Determine the radiation balance of the Earth's 

surface covered by grass with the albedo of 25%/ 

4.When the height of the Sun is 28
0
, insulation is 0,36kal/sm

2
.мin. 

When the height of the Sun is 52
0
, insulations is 0,68kal/sm

2
.мin. 

Determine by how much does the transparency coefficient of the 

atmosphere change. 

Task 2. Calculate the radiation balance (according to variants from table 

1). The end result define under the formula: В = Q – R – Eef.. 

When: В – radiation balance, ( w/m
2
);    Q – total radiation, (wt/m

2
); R – 

back radiation, (wt/m
2
);  Еef – efficient emission,(wt/m

2
). 

 

Q = I
/ 
 + D ,   I

/  
= I  Sin h,    R = 

100

AQ
; 

 

When: I
/  

- direct solar radiation on a horizontal surface, ( wt/m
2
);   I – direct 

solar radiation on a perpendicular surface ( wt/m
2
);   D – scattered solar 

radiation( wt/m
2
), h – angle height of the Sun above the horizon (taken from 

next tables 1, 2), A – the albedo of the underlying surface, (%).  In practical 

actinometrical  the an irradiance is expressed in calories in 1 min on the 1 

cm
2
 (cal/min.sm

2
). 1 cal/min.sm

2
= 698 Wt/m

2
. 

Table 1 

The values of the solar radiation  

variant 1 2 3 4 5 6 7 8 9 10 11 

h,height 19 59 25 59 41 62 38 57 11 59 13 

http://slovari.yandex.ru/perpendicular/en-ru/LingvoScience/#lingvo/
http://slovari.yandex.ru/direct%20solar%20radiation/en-ru/LingvoScience/#lingvo/
http://slovari.yandex.ru/direct%20solar%20radiation/en-ru/LingvoScience/#lingvo/
http://slovari.yandex.ru/direct%20solar%20radiation/en-ru/LingvoScience/#lingvo/
http://slovari.yandex.ru/height/en-ru/LingvoUniversal/#lingvo/
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I  0,80 0,82 0,79 0,81 0,83 0,82 0,84 0,55 0,87 0,64 0,73 

D  0,07 0,14 0,11 0,13 0,10 0,12 0,16 0,63 0,12 0,07 0,15 

E ef  0,10 0,09 0,08 0,09 0,09 0,08 0,09 0,10 0,08 0,11 0,09 

A (%) 18 21 37 19 16 22 16 26 60 21 13 

 

Table 2 

The values the sinuses of an angles 

 h, angles 2 4 6 8 10 12 14 16 

Sin h 0,04   0,07   0,10 0,14 0,17 0,21 0,24 0,28 

h, angles 18 20 22 24 26 28 30 32 

Sin h 0,31 0,34 0,38 0,41 0,44 0,47 0,50 0,53 

h, angles 34 36 38 40 42 44 46 48 

Sin h 0,56 0,59 0,62 0,64 0,67 0,70 0,72 0,74 

h, angles 50 52 54 56 58 60 62 64 

Sin h 0,77 0,79 0,81 0,83 0,85 0,87 0,89 0,91 

 

Theme 4. Atmosphere’s  temperature regime 

 

Questionnaire: 

1. On what factors and how does the heating and cooling of the soil 

depend? 

2. On what factors and how does the amplitude of daily temperaturein 

the soil depend? 

3. How does the temperature of the soil depth change at different times 

of the year? 

4. What is the impact of vegetation and snow cover on the soil 

temperature? 

5. What happens faster: heating or cooling of water basins and why?  

6. Where is the amplitude of daily and annual variations in surface 

temperature bigger: on the land or in the water? Why? 

Task 1. The following distribution of air temperature was received by 

the radiosonde on altitude.  Graph the vertical distribution of air 

temperature, determine the height of the tropopause in summer and 

winter. (Table 3). 
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Table 3 

Elements  June 

Height, 

km 

0,1    1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 

Tempera 

ture, 

grad C
0
 

+21,7   +14,1   +4,4   -2,7   -7,1   -

11,9   

-

17,2   

-

24,0   

- 

31,0   

Height, 

km 

9,0 10,0 11,0 11,4 12,0 13,0 14,0 15,0  

Tempera 

ture, 

grad C
0 

-38,6 -45,6    -52,3    -54,2   -52,2    -49,1    - 

49,0   

-49,0  

Elements December 

Height, 

km 

0,1 0,6 2,0 3,0 4,0 5,0 6,0 6,2 7,3 

Tempera 

ture, 

grad C
0
 

–17,5 –17,0 -16,0 -18,0 -

22,0 

-

29,1 

-

33,2 

-

38,0 

-

46,0 

Height, 

km 

8,6 9,6 10,8 12,3 13,5     

Tempera 

ture, 

grad C
0
 

-50,0 -51,0 -50,0 -50,0 -

50,0 

    

*Notice:To draw the linear graph, it is recommended to use a special 

graph paper and forthe vertical axis the scale is: 1sm=1km, for 

horizontal axis: 1 sm=4
0
. 

Task 2.Theparticle of air heated to 10° rises up adiabatically. To what 

height it will rise if air temperature gradient is —0,6
0
/100 m? 

Task 3.What types of annual temperature do you know? Draw them 

and explain the reason of their differences. 

 

Theme 5. The water vapor in the atmosphere 

 

Questionnaire: 

1. What factors affect the saturated vapor pressure? 

2. What does the rate of evaporation depend on in natural conditions? 
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3. What is evaporability and what is its relationship to evaporation? 

4. What is the daily course of evaporation and on what does it depend? 

5. What values characterize humidity? 

6. What is the daily progress of relative humidity and its causes? 

7. What is the geographic distribution of humidity? 

8. That is called condensation and sublimation of water vapor? 

9. What are the causes and conditions for the formation of dew and frost? 

10. What are the causes and conditions of ice formation? 

11. What is the role of condensation cores in the atmosphere?  

12. How are fogs classified based on their formation? 

13. How are clouds formed? What cloud types do you now? 

What is the height and thickness of each of the shapes of the clouds? 

List the types of solid and liquid precipitations. 

 

Task 1. For questions (1-13) to answer in writing. 

Task 2. Solve the following problems: 

1. The absolute air humidity is 18,6 g/m
3
. Determine the elasticity of 

water vapor at the air of +25,5°. 

2. Determine the dew point if relative humidity is 70% and the air 

temperature is +5,6°. 

3. Determine the amount of water vapor in a volume of1 m
3 

 of air if 

moisture deficit is equal to  0,5 mm,  and the air temperature is  —

2,5°. 

4. The air temperature was +18°,6 and the elasticity of water vapor 

was 14,8 mbduring 6 hours of observation. By12 hoursthe temperature 

increased up to 27,8°,  the elasticity of water vapor up to 21,0 

mb.What is the change in relative humidity for this time? 

5. Define the specific humidity if the relative humidity is 70%, the 

moisture deficit is equal to 6,5mb, and the atmosphere‘s pressure is 

1030  mb. 

6. The temperature above the surface of the Earth is 18,5
0
, the 

moisture deficit is 5,5 mb. Define the moisture deficit at the height of 1 

km if the average vertical temperature gradient is —0,4
0
/100 m. 

 

Theme 6. The pressure and wind 

 

Questionnaire: 
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1. What parameters of wind are observed or measured at the 

meteorological stations? In what values are they expressed? 

2. What methods are used to measure wind speed? 

3. What is the structure of the station weather vane? What are the 

rules for its installation? 

4. What is the structureof hand anemometer and how it is 

installed? 

Task 1. Read the topic «The barical field and wind» 

Task 2. Drawing a wind rose.  Using climate handbooks build a wind 

rose based on stations selected by you.Write down the main findings 

on the frequency of occurrence of wind directions based seasonal 

changes and annual averages. 

Task 3. Make a note of the main findings of the frequency of occurrence 

of wind directions seasonal and annual averages (table 4) 

 

The frequency of occurrence of wind directions (%) in January, 

July and an average annual value of 

Table 4 

№ Station  month calm N NE E SE S SW W NW 

1 Petropav 
lovsk 

I 

YII 

year 

7 

11 

8 

4 

16 

  8 

5 

12 

7 

13 

12 

10 

9 

10 

9 

10 

6 

11 

44 

12 

32 

9 

3 

13 

6 

19 

10 

2 Kostanai I 

YII 

year 

23 

25 

21 

15 

23 

15 

4 

11 

7 

3 

11 

6 

7 

9 

8 

40 

9 

27 

21 

9 

18 

5 

11 

10 

5 

17 

9 

3 Kokshe 
tau 

I 

YII 

year 

14 

14 

12 

2 

14 

6 

3 

12 

8 

8 

9 

8 

12 

8 

8 

16 

6 

10 

40 

15 

30 

16 

17 

21 

3 

19 

11 

4 Uralsk I 

YII 

year 

20 

22 

11 

12 

19 

14 

16 

12 

13 

7 

9 

10 

19 

8 

12 

12 

5 

14 

16 

10 

13 

9 

18 

12 

9 

19 

12 

 Aktau I 

YII 

year 

9 

11 

10 

8 

16 

10 

12 

13 

12 

23 

8 

18 

20 

8 

17 

7 

6 

8 

10 

17 

13 

11 

14 

11 

10 

18 

11 

6 Аktobe I 

YII 

21 

15 

3 

13 

12 

16 

14 

13 

18 

8 

16 

6 

14 

10 

13 

15 

10 

19 



45 

 

year 17 7 12 14 15 13 13 14 12 

7 Кaragand
y 

I 

YII 

year 

15 

11 

12 

5 

16 

10 

11 

14 

13 

12 

13 

14 

10 

10 

13 

24 

10 

17 

20 

10 

16 

7 

14 

11 

2 

13 

6 

8 

 

 

Сеmei I 

YII 

year 

24 

20 

19 

2 

15 

8 

3 

13 

7 

44 

15 

25 

18 

7 

12 

8 

6 

9 

11 

9 

12 

11 

19 

18 

3 

16 

9 

9 Кyzyl-
оrda 

I 

YII 

year 

8 

11 

10 

8 

21 

13 

40 

24 

34 

14 

6 

12 

7 

2 

4 

10 

2 

6 

12 

5 

9 

6 

20 

12 

3 

20 

10 

1

0 

Таraz I 

YII 

year 

23 

18 

20 

9 

24 

18 

6 

14 

10 

9 

7 

6 

34 

24 

25 

11 

6 

8 

13 

6 

10 

6 

6 

9 

12 

13 

14 

1

1 

Аlmaty 
 

I 

YII 

year 

45 

12 

26 

19 

10 

14 

8 

8 

8 

5 

6 

6 

9 

16 

14 

24 

36 

23 

13 

11 

11 

13 

7 

10 

19 

6 

8 

*Draw your graphon a special graph paper, choosing an arbitrary 

zoom ratio (scale). Draw in colored pencils: January values – in blue, 

July – in red, annual average – in black. 

 

Theme 7. Climate of Earth. Climate classifications. 

 

Questionnaire: 

1. How do the land and the water influence the distribution of air 

temperature in the Northern and Southern hemispheres? 

2. Why Alisov's classification is called genetic? 

3. What is the microclimate? Types  microclimates? 

4. Climate classifications and their are differences?  

5. Study the Alisov‘s climate classification of the Earth. 

6. The main and transition climatic zones and areas. 

7. Anthropogenic changes in the climate. 

 

Task 1. Developa climate characteristic for a selected locationin the 

Republic of Kazakhstan. Description of the climate must include the 

following:  

http://en.wikipedia.org/wiki/Climate_classification
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1. geographical location, including a) geographical coordinates;b) height 

above sea level; c) distance from the ocean, seas; d) the presence of 

inland water bodies; e) relief, vegetation, soil). 

2. Radiation and heat balance. 

3. Barical field (pressure), prevailing winds of the General 

circulation of the atmosphere. 

4. The regime of meteorological elements (soil temperature, air 

temperature, air humidity, precipitation and snow cover, wind 

conditions). 

5. Summary and conclusions. 

 

8. Methodical recommendations for study the discipline 

      The study of meteorology and climatology is necessary and takes an 

important role in the formation of professional competence of the 

specialist-geographer. Use of the geographical maps  of the RK and the 

world, maps of distribution of pressure, air and prevailing winds over the 

territory of the world, Republic of Kazakhstan, global maps of the reservoir 

pressure and prevailing winds, the maps of radiation and heat balance. 

Note the leading RSS atmosphere. 

9.Methodical recommendations and instructions of the model 

calculations, implementation of the settlement graphics 

 

 Remember the course of the mathematics section of 

trigonometry. Note the physical laws of propagation of radiation in 

the atmosphere. 

 Remember concepts: vertical temperature gradient, inversion, 

isothermal, temperature stratification. 

 Remember concepts: vertical temperature gradient, the 

specific humidity, the moisture deficit, the relative humidity, the 

specific humidity and others descriptions of humidity. 

 Graphics build on graph paper,  choose an arbitrary zoom 

ratio. Graphics build with colored pencils: January – blue, July – 

red, year – dark. 

 

http://slovari.yandex.kz/geographical%20coordinates/en-ru/LingvoScience/#lingvo/
http://slovari.yandex.kz/description/en-ru/LingvoUniversal/#lingvo/
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10.1. PLANS OF CLASSES IN A FRAME OF SELF-STUDY 

UNDER TEACHER’S SUPERVISION 
 

Form of conducting a lesson: IWST involves the work of each student on an 

individual (group) work, oral or written report. Some issues are conducted in 

the form of conversations, discussions and role-playing games. Then, 5-10 

points are given for homework.  

Forms of IWST lessons: 

Classroom work of students with educational literature; interview and 

consultation with the teacher; summarizing of educational literature; block 

mapping schemes;  the solution of problems; graphing; presentation; role 

play;  fulfillment of abstracts and others. 

Methodical recommendations: to perform tasks in IWST lessons it is 

important to study lecture material, to use the main and additional literature. 

Task 1 is discussed after the preparation of each student‘s answers to 

questions. Task 2 is discussed after hearing the report of a student that has 

been prepared beforehand.  

 

Theme 1. Subject, меthods and tasks in Meteorology and 

climatology. Meteorological society. 

 

Written report: 

Task 1. Describe the structure of the State system of observation and 

control of natural environment and climate systems: receipt of information, 

collection and transmission of information, information processing, 

presentation and delivery to consumers. 

Task 2. Describe the structure and objectives of the world weather watch. 

Task 3. What is the meaning of meteorology for various branches of a 

national economy (on examples of separate branches) ? 

Task 4. What are the main objectives of the establishment of the global 

environment monitoring system? Having familiarized with the history of the 

development of meteorology, list the main stages of the development of 

meteorology. 

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 
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Theme 2.  General information about Earth’s atmosphere. 

Task 1.   Draw a diagram of the vertical structure of the atmosphere in 

layers according to the principles of division. 

Task 2.  Peculiarities of the distribution of physical characteristics of 

the atmosphere‘s height. Make analysis of the distribution of basic 

physical characteristics for height. Let explanation of each one. 

 

Main literature: 1, 8, 9, 10 

Additional literature: 1, 2 

 

Theme 3.  The solar radiation 

 

Task 1. Read about the instruments to measure solar radiation. Sketch 

scheme devices. 

Task 2. What is the greenhouse effect? Written the essay by that theme.  

  
Main literature: 1, 8, 9, 10 

Additional literature: 1, 2 

 

Theme 4.  The atmosphere’s  temperature regime  

 

Task 1. Learn  the devices for measurements of temperature of air, soil and 

water. Sketch the schematic of devices specified in the theme of the lecture 

№4 and record how they work. 

Task 2. Determine the vertical temperature gradient and stratification of 

the atmosphere in each layer of dry and moist air. 

Task 3. According to the data of radiosonde receive the following 

distribution of air temperature on altitude (table 5):  

Table 5 

Height, km   0 0,5 1,0 1,3 1,8 3,0 4,0 

Temperature, 

degrees C
0 

7,4 4,2 2,2 -2,8 -7,4     -23,8     -23,8     

Height, km   4,5 4,7 5,8 6,8 8,0 12,0 15,0 

Temperature, 

degrees C
0
 

-23,8     -20,9 -26,2 -36,0     -43,1     -67,5     -75.1 
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Guidelines for performance of tasks: moist adiabatically gradient 

taken as equal: on the height of 1 km - — 0,5 grad/100 m, from 1 to 1,8 

km—-0,6 grad/100 m, from 1,8 tо 5,8 km — 0,8 grad/100 m, higher of 

5,8 km — 0,9 grad/100 m. 

 For the graphic recommended the following scale: for vertical – height: 

1cm- 1 km;  horizontal – temperature: 1cm - 4 degrees. 

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 5.  The water vapor in the atmosphere 

 

Task 1. Get acquainted with the instruments used for measuring the 

humidity. Sketch the schematic of devices specified in the theme of the 

lecture №5 and record their work principles: 

 - the hygrometer is for measuring the relative humidity; 

- the Humidity recorder - for automatic registration of relative humidity in 

time; 

- the Psychrometer - for air temperature measurement wet and dry bulb 

thermometers; 

- the Assman‘s aspiration psychrometer to measure the relative humidity in 

field conditions. 

 - the pluviograph is recording rain gauge. 

Task 2. Learn about the International classification of clouds. In a 

notebook fill the table with the clouds. 

Guidelines for performance of tasks: classroom work of students with 

educational literature. 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

Theme 6.  The pressure and the wind 

 

Task 1. 1. Get acquainted with instruments to measure wind speed and 

direction. Sketch the schematic of devices, specified in the theme of the 

lecture №6 and record how they work. 
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Task 2. Draw the graphs of  speeds by winds for two points (stations), 

and explain the reason of their differences (table 6). 

Table 6 

Mean monthly and mean annual wind speed (m/s)  

according to multi-year data 

 
Station 1 2 3 4 5 6 7 8 9 10 11 12 year 

1.Petro 

pavlovsk 

6.1 6.3 6.6 5.8 5.8 4.9 4.9 4.1 4.7 5.7 6.0 6.0 5.5 

2. Kosta 

nai 

4.8 5.1 5.8 5.1 5.5 4.9 4.9 4.2 4.6 5.2 5.0 5.2 5.0 

3.Kokshe 

tau 

6.4 6.8 6.5 5.4 5.9 4.9 4.9 4.4 5.6 6.9 6.9 7.4 6.0 

4.Uralsk 5.4 5.8 5.8 5.0 5.0 4.2 4.2 3.9 3.9 4.7 4.8 5.5 4.8 
5.Aktau 6.3 6.4 6.4 6.0 6.1 5.4 5.4 4.6 4.5 4.9 5.5 5.6 5.5 
6.Аktobe 4.7 5.0 5.5 4.5 4.8 4.2 4.2 3.7 3.8 4.6 4.1 4.8 4.5 
7.Кaragan 

dy 

5.6 6.5 6.8 5.8 5.4 5.4 5.4 4.3 4.7 5.4 5.9 6.1 5.5 

8.Сеmei 3.2 3.1 3.4 3.2 3.3 3.0 3.0 2.5 2.5 3.3 3.4 3.5 3.1 
9.Кyzyl-

оrda 

5.5 5.7 5.7 6.1 5.5 4.8 4.8 4.1 4.1 4.2 4.5 5.0 4.9 

10.Таraz 2.5 2.9 3.1 3.3 3.3 3.0 3.0 2.6 2.3 2.5 2.4 2.5 2.8 
11.Almaty  1.1 1.2 1.5 1.9 2.1 2.2 2.2 2.2 2.1 1.7 1.2 1.1 1.7 

 

Guidelines for performance of tasks: classroom work of students with 

educational literature. 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 7.  The atmosphere’s circulation 

 

Task 1. Paint scheme of cyclones and anticyclones by horizontally and 

vertically directions. 

Task 2. On the outline map of the world paint scheme of the atmospheric 

circulation of the Earth by seasons of the year. Please explain them. 
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 Guidelines for performance of tasks: classroom work of students with 

educational literature. 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 8.  The Climate former 

 

Task 1. Work through the theme ―The Climate former ‖. Answer the 

next questions in writing: 

a) There are climate-formation processes; 

b) There are climate-formation factors; 

c) There are climatic zones and areas of the Earth. 

Task 2. Choose two points on the same climatic zones (areas) but on 

different continents and write a comparative description of climates: 

• geographical position, which must include: geographic coordinates, 

altitude, and distance from the ocean, the seas; the presence of inland 

bodies of water; topography, vegetation, soil; 

•radiation and heat balance; 

 • barical field, prevailing winds of the General circulation of the 

atmosphere; 

• mode of meteorological elements: soil temperature, air temperature, 

humidity, precipitation and snow cover, wind regime; 

• conclusion. 
 

Guidelines for performance of tasks: If you selected, use the Atlas 

«Physical geography of continents and oceans». 

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

Theme 9.  The Climate of the Earth. The climate classifications.  

 

Task 1. Make up the scheme climate-formation processes.  

 List geographical factors climate 

Task 2. Classification of climates. Criteria approach to the classification 

of climates. Similarities and differences in the classifications. 

http://en.wikipedia.org/wiki/Climate_classification
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Task 3. On the outline map of the world apply the basic and transitional 

climatic zone and region by Alisov B.P.). That is their borders ? What 

caused their formation? Give a brief description of the main and 

transition of climatic zones and areas. 

Guidelines for performance of tasks: classroom work of students 

with educational literature.   Use the Atlas «Physical geography of 

continents and oceans». 

Main literature: 1, 8, 9, 10 

Additional literature: 1, 2 

 

Theme 10.  Global and anthropogenic climate changes 

 

Task 1. Prepare a summary on one of the topics on global climate change. 

Task 2. On the lesson in the form of business games discuss their topics. 

Guidelines for performance of tasks: classroom work of students with 

educational literature. 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

10.2 PLANS OF STUDENTS’ SELF-STUDYING (SSS) WORK  
 

Methodical recommendations: Self-study is extracurricular and is 

designed to familiarize students with special sections of the course on 

materials recommended by teachers.  

Self-studying should be constructed on a conscious basis, therefore 

students‘ knowledge of the concrete methodical receptions directed on 

improvement of the organization of knowledge mastering process is 

necessary. 

In a basis of SSS organization of the course «Meteorology and 

climatology» system - active approach lays. Students receive not only 

theoretical knowledge, but also master practical skills for what during 

studying a subject wide application of game practice is supposed. The 

given methodology operates with such basic teaching notions as 

knowledge, skill, activity and defines their interrelation. 

Tasks: SSS assumes performance of all kinds of tasks to all themes 

of lectures, preparation for seminars, and preparation for the final control 
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(examination or complex testing) during out-of-class time. Results of 

SSS are summed up at seminars, during performance of tasks on SSST 

and examination.  

 

Self-checking  questions:  

 

Theme 1. Subject, меthods and tasks in Meteorology and climatology. 

 Meteorological society. 

Theme 2. General information about Earth‘s atmosphere. 

Theme 3. The solar radiation. 

Theme 4. Atmosphere‘s  temperature regime. 

Theme 5. The water vapor in atmosphere. 

Theme 6. The pressure and the wind. 

Theme 7. The atmosphere‘s circulation 

Theme 8. Climate formering. 

Theme 9. Climate of Earth. Climate classifications. 

Theme 10. Global and anthropogenic climate changes. 

 

Main literature: 1 – 10. 

Additional literature: 11 – 33. 

 

10.3. Themes of written work on the course 

 

1. Main factors of the formation of the climate. 

2. Methods climatological processing. 

3.  4. General circulation of atmosphere and ocean, relief and 

сlimate former  value. 

5. Fields humidity and clouds. Their role in climate formation. 

6. Classification of climates. 

7. Meso - and micro climate. 

8. Changes and variations in climate. 

9. Ways of human impact on climate. 

10. Urbanization and climate of the city. 

11. The Climate In Kazakhstan.  

12. World meteorological network.  

13. The weather and the economy. 

http://en.wikipedia.org/wiki/Climate_classification
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14. The principles of collection, transmission, control, processing 

and storage of hydro meteorological information. 

15. Space meteorology.  

16. Hydro meteorological service in Republic Kazakhstan.  

17. Atmospheric air pollution and its protection. 

11. Methodical recommendations by educational, production 

practice and externship, forms of the accounting documents 

(Annex 2). 

12. Information about  an assessment knowledge  

Criteria of the performance score: 

 
perce

ntage 
Criteria 

0-49 Lack of knowledge of studied material; lack of knowledge of 

basic material of the curriculum and admission of mistakes 

50-74 The answer is basically correct, but incomplete; there is 

insufficient understanding of the program material; some errors 

are allowed in summaries of the leading ideas and theoretical 

positions; lack of conclusion and generalization 

75-89 The answer is full, right; having knowledge of basic ideas, 

provisions of the studied sources. Proper evaluation of social 

phenomena. Knowledge of the actual material, basic concepts 

and laws. Involvement of other educational material on the 

subject. Ability to carry out the proof, argue, conclusion and 

generalization. But there are discrepancies in the summaries 

that do not lead, to significant distortion of the content 
90-

100 
The answer is full, right; having knowledge of basic ideas, 

provisions of the studied sources. Proper evaluation of social 

phenomena. Knowledge of the actual material, basic concepts 

and laws. Involvement of other educational material on the 

subject. Ability to carry out the proof, argue, conclusion and 

generalization. 

 

12.1 Grading information: 
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Rating scale of assessment student’s knowledge 

Rating 

Points 

Current control 50-100 

Intermediate control 50-100 

Final control 50-100 

Total 50-100 

 

12.2 Test tasks for self-checking  

1. The science studying high (it is higher than 40 km) atmosphere layers? 

a) aeronomy, b) aerology, c) meteorology, d) astronautics, 

e) actinometry.  

2. How many degrees turns around the Earth in 1 hour ? 

             a) 1
0

,     b) 5
0 
 ,   c) 10

0  
,  d) 15

0
,   e) 180

0 

3. What pressure was accepted as the standard ? 

a) 1000 mb    b) 1013 mb or 760 mm of merc.  c) 700 mm of merc. 

d) 250 mm of merc.   е)  100 mb 

4. How name is the air pressure change per unit of time (3 hours) ? 

 a) barical gradient b) barical degree c) barical trend 

d) barical mistake   е) izobarical surface. 

5. Balancemetre serves for measuring: 

a) self-radiation   b) sunshine  c) precipitation totals for the year 

 d) radiation balance  e)  the balance of the river flow  

6. The highest temperature of air measured in World – 

a) the Taklamakan desert  b) Valley of Death  c) the Atacama desert 

d) Tripoli t.    е) South Africa   

7. How is air temperature change by height in the troposphere? 

a) doesn't change       b) falls for 1
0
 to 100 m        c) grows  

d) falls on 0,65
0
/100m       e) grows on 0,65

0
/100m  

8. The more humidity of air, the: 

a) it is more difference of the dry and moistened thermometers at the 

psychrometer;   b) it is less difference of the dry and moistened 

thermometers at the psychrometer;   c) lower air temperature   d) is more 

a speed of a wind;            e) is less overcast. 

9. At what process the hidden heat is allocated to the atmosphere? 

a) evaporation   b) condensation    c) sublimation 

d) diffusion    e) convection 
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10. How long depth annual fluctuations of temperature extend in water? 

a) to 1m;  b) to 10 m,   c) to 100 m,  d) hundreds m,    e) 10 km 

11. What distribution of meteorological elements isobars show? 

a) of atmospheric pressure b) air temperatures 

c) temperatures of the soil   d) precipitation  e) wind speeds 

12. What winds blows at the coastline of the seas and the big lakes and 

having daily change of the directions? 

a) pine forest, b) hair dryer, c) trade winds (passats), d) breeze, e) squall. 

13. What element of a terra surface has the greatest albedo? 

a) light sand   b)herbs   c)surface of the water  

d)black earth (chernozem) 

e) fresh snow 

14. In the maximum thermometer it is used as liquid: 

a) mercury, b) alcohol, c) kerosene, d) oil, e) water. 

15. Reception part of a heliograph is – 

a) blackened disk b) copper plates   c) glass sphere 

d) accustom to drinking thermo batteries  e) a silvery foil 

16. What clouds are indications of good weather? 

a) highly - cumulus b) cumulus c) layered 

d) plumose e) nimbostratus 

17. As called this phenomenon: layer matte or transparent ice growing on 

the surface of the earth and various subjects as a result of freezing rain 

drops-  

 a) dew,   b) rime   c) hoarfrost,    d) hail,    e) ice. 

18.Where are an air masses transfer on the lower troposphere in 

temperate latitudes ? 

a) from East to West   b) from West to East     c) from South to North 

d) from North to South        

e) is fixed 

19. What is type of climate in Kazakhstan ? 

a) Equatorial    b) tropical     c) temperate Maritime 

d) temperate continental e) temperate monsoon 

20. What is typical of zones: 

Dominates one air mass. Summer is hot, winter is cold, with stable snow 

cover. Annual amplitude of air temperature is big. The average annual 
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precipitation  near 400-600 mm, most of the precipitation falls in the 

summer. 

 a) polar       b) субполярной       c) moderate continental 

d) subtropical       e) moderate sea. 

 

         Keys: 

Question 

number  

Correct 

answer 

Question 

number  

Correct 

answer 

1 А 11 А 

2 Д 12 Д 

3 В 13 Е 

4 С 14 А 

5 Д 15 С 

6 Д 16 А 

7 Д 17 Е 

8 В 18 В 

9 В 19 Д 

10 Д 20 С 

      

The examination consists of 20 test tasks. The final exam score is summed 

of points received for correct answers on the basis that one response is 

estimated by 2 (two) points.  

 

12.3 Examination questions on the course 

1. Subject, methods and problems of meteorology and climatology. 

2. Meteorological supervision. Meteorological service. 

3. Atmosphere structure. 

4. The principles of division of the atmosphere on layers. 

5 . Solar radiation. Spectral structure of solar radiation. 

6 . Types of solar radiation. 

7. Direct solar radiation. The factors influencing its arrival. Measurement 

of direct radiation. 

8. Scattered radiation. Phenomena, related. Turbidity factor. 

Measurement. 

9 . Total radiation, measurement methods, geographical distribution. 
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10 . Radiation reflection. Albedo. Absorbed radiation. 

11. Radiation, its types, measurement methods. Geographical 

distribution of radiation balance. 

12 . Thermal mode of the soil and reservoirs.  

13 . Methods of measurement of temperature of the soil and reservoirs.  

14 . Air temperature. Daily and annual course. 

15 . Frosts, reasons and education conditions. 

16 . Continentality of climate. 

17 . Types of an annual course of air temperature. 

18.Geographical distribution of air temperature at an earth surface. 

Methods of measurement of air temperature. 

19 . Atmosphere stratification. Inversion. Isotherm. 

20 . Evaporation and saturation. 

21 . Humidity characteristics. Measurement methods. 

22 . Condensation in the atmosphere. 

23 . Clouds, microstructure and water content. 

24 . International classification of clouds. 

25 . Fogs. Their types, reasons and education conditions. 

26. Precipitation, their types, geographical distribution. Measurement of 

a precipitation. 

27 . Snow cover. Snow line. Methods of measurement of snow cover. 

28 . Barical field. KBT. Horizontal Barical gradient. 

29 . Barical systems. Changes of pressure in time and in space. 

30. Forces influencing a wind. Daily and annual course of a wind. Wind 

measurement. 

31. Fronts in the atmosphere, their types. Weather in fronts. 

32. Jet current. 

3 . General circulation of the atmosphere. General circulation properties. 

34.Geographical distribution of pressure. Centers of action of the 

atmosphere. 

35. The prevailing directions of winds. Trade winds. Monsoons. Western 

winds. 

36. Cyclones and anti-cyclones. Weather in them. 

37. Local winds. 

38. Climate consisting processes.  

39 . Climate formering  factors. 

40 . Micro, mesoclimate. 
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41 . Classification of climates, principles and approaches. 

42 . Types of the main and transitional climates, climatic areas. 

43. Equatorial climate, features of transfer of air masses, characteristic of 

meteosizes, geographical arrangement. 

44. Subequatorial climate, features of transfer of air masses, meteosizes, 

geographical arrangement. 

45. Tropical climate, climatic areas. Features of air masses, characteristic 

of meteosizes, arrangement. 

46. Subtropical climate, climatic areas. Transfer of air masses, 

characteristic of meteosizes, arrangement. 

47. Climate of midlatitudes, climatic areas. Transfer of air masses, 

characteristic of meteosizes, arrangement. 

48. Subarctic and subantarctic climates, transfer of air masses, 

characteristic of meteosizes, arrangement. 

49. Arctic and Antarctic climates, features of air masses, meteosizes, 

geographical arrangement. 

50. Modern anthropogenous climate changes. 

 

13. Program and multimedia support of studies 

 
Theme Form of 

lesson 

Form the 

program 

product 

The place of 

access 

The name of 

specialized 

rooms 

1-10 Lecture-

presentation 

Power Point Room № 

415 

Dedicated 

room  

14. List of specialized classrooms, offices and laboratories 

№ Specialized classrooms, offices and laboratories Namber 

room   

1 Classroom for meteorological and climatology 418 

2 Classroom for Kazakhstsn geography 419 

3 Classroom for geology 415 

4 Classroom for physical geography   402 

5 Classroom for economical geography   304 

6 Computer classroom 416,420 
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