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1. Introduction

1. What is synoptics?

2. The synoptic scale

3. Analysis and interpretation

4. Conceptual models

Cloud images by Jarmo Koistinen



What is happening?

Why is it happening?

And what is coming?

1.1. What is synoptics?



òsynopsisò:  a broad, yet concise overview 

of the weather

simultaneously:

observations + the predictions produced 

by numerical models

Photo by NOAA
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Atmospheric dynamics and average flows 

How did they 

go againé
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Necessary terms and concepts of dynamics:

Å vector calculus (vector components, nabla, cross product, partial 
derivatives)

Å advection, divergence, vorticity, potential vorticity, deformation

Å the basic forces: pressure gradient, gravitational, centrifugal and 
Coriolis forces

Å the equations of motion, the conservation of momentum and mass

Å hydrostatic equilibrium

Å geostrophic and ageostrophic winds

Å potential temperature

Å thermal wind

Å gradient flow

Å barotropic ja baroclinic atmospheres

Å omega-yhtälö ja Sutcliffen sääntö

Martin: chapters 1-6





1.2. The synoptic scale

300-3000 km

1-5 days

R
o

< 0,1



Global scale (3000 ï10 000) km

Å5 days ïpermanent

Åe.g. polar vortices,     

horse latitude highs

Åsatellite images,

radar combinations



Synoptic scale (300 ï3000) km

Å1-8 days

Åe.g. mid-level cyclones

Åsoundings, radar images,

polar orbit satellites



Mesoscale (3 ï300) km

Å(0,5 ï24) h

Åe.g. sea breeze, thunder

Åsynoptic observations, 

radar images



Small scale (1 mm ï3 km)

Åe.g. gusts, 

the formation of hail

Åradar images, 

measurements of    

individual parameters

Image by Jarmo Koistinen



On the other hand, synoptics also includesé

éjet streamsé

é thunderé

é and others!



synoptic scale mesoscale

moisture

instability

buoyancy



1.3. Analysis and interpretation

Analysis of

observations

Interpretation of

numerical models

Synoptic interpretation 

of the state of the atmosphere, 

a four-dimensional concept of the 

state of weather conditions



Simultaneous observations on the weather map 

and numerical parameters

The current state of the atmosphere

Understanding the state of the atmosphere

The future state of the atmosphere

analysis

diagnostic laws of physics

prognostic laws of physics



Observations:

ïSYNOP observations

ï other surface observations: automatic, flight and road 
weather observations

ï soundings

ï satellite images

ï radar images

ï observations from airplanes

A lot of observational data goes straight into the initial 
conditions of models.

In particular, information from satellites is used to 
supplement the sparse network covering the oceans.



SYNOP observation:



demarcating

the area of occurrence

isoline maps

identifying

observational errors

ANALYSIS

SYNOP observations are analyzed



ANALYSIS IS UNAMBIGUOUSé

é AND PROVIDES CLUES AS TO WHICH

PARAMETERS TO KEEP AN EYE OUT FOR!



Example: analysis of a synop chart:

ÅIsobars, isolines of atmospheric pressure

ÅIsallobars, isolines of pressure tendency

ÅWeather (areas of precipitation, mist, thunder, rain 
showers, etc.)

ÅWind convergence zones

ÅIsotherms

ÅAnything, as required: forest fires, etc.



Example:



1. Low pressure center

2. Secondary low center

3. Low pressure trough

4. High pressure center

5. Secondary high center

6. High pressure ridge

7. Saddle point

Names of pressure field features:



Satellite images



Radar images:



Weather camera 

images:



Numerical fields of different models



1. Numerical parameters on pressure fields







Numerical model fields

2. Parameters in a vertical cross section



Numerical model fields

3. predicted soundings



Compare:

ECMWF forecastobservation HIRLAM forecast



1.4. Conceptual models



simplification

transformation

season,

surface

Remember:



Synoptic scale 

ÅTropopause jet streams 

and height

ÅLow and high 

pressures

ÅTemperature 

anomalies

ÅFronts and troughs

ÅConveyor belts

Mesoscale

ÅLower troposphere jet 

streams

ÅConvective rain

ÅConvergence areas

ÅWinds

http://www.zamg.ac.at/docu/Manual/SatManu/main.htm



Warm seclusion

Tropopause anomaly
Detached warm front

Back-bent occlusion

Trough

Orographic 

precipitation



Interpretation is a subjective tool!

An Anasyg/Presygïchart from Météo-France:



Why do manual analysis and interpretation?

Å Conceptual models cannot be identified automatically with existing 
equipment

Å One can spot errors in the model and anticipate developments that 
differ from the modelôs predictions

Å Local conditions and factors relevant on the mesoscale can be 
taken into account (surface, season, history, etc.)

Å Humans can infer observational errors and the effects of sub-
synoptic scale weather and environmental phenomena better than 
programs.

Å Drawing lines and conceptual models on a map improves oneôs 
understanding of the issue at hand more than simply looking at 
finished products.



An analysed chart can be

ÅWorking chart for oneself and colleagues

ïSurface charts

ÅProduct for a customer

ïWeather charts for magazines

ïBriefing charts for aviation

ïIce and wind charts for shipping



Weather situation analysis 1 Feb 2007 at 14:00

The chart is based on observations taken at the given time.

A meteorologistôs interpretation of the weather conditions is included. 







2. Tropospheric circulation

2.1. Mean wind conditions globally

2.2. Geostrophic and thermal winds

2.3. Upper waves



2.1. Maapallon keskimääräiset tuuliolot

Mean winds in the northern hemisphere in winter:

2.1. Mean wind conditions globally



Mean surface pressure distribution and winds for January



Mean surface pressure distribution and winds for July



Mean 500 hPa pressure distribution and winds for January



Mean 500 hPa pressure distribution and winds for July



warm

cold

cold

Hadley cell:

Åenergy toward the poles

Ålatent heat toward the equator

Åangular momentum upward

Åkinetic energy 

(Ÿ subtropical jet streams)

The difference in temperature between the tropics and 

the poles is the most important contributor to 

atmospheric circulation:

Disturbances in the upper waves:

Åtransfer dry energy and latent    

heat toward the poles

Åproduce the majority of a 

hemisphereôs kinetic energy

Ådetermine the weather in the 

area in question



Thermodynamic equilibrium: 

Each hemisphere always has 4-5 weather disturbances





2.2. Geostrophic and thermal winds

(Martin: p. 61- 62, 89 - 92)

Remember:

qGRADIENT wind
qGEOSTROphic wind
qAGEOSTROphic wind
qThermal wind



Geostrophic wind

in the northern hemisphere



Image by Jarmo Koistinen

Boundary layer

Free atmosphere

Jet streams





Thermal wind



hydrostatic

geostrophy

equilibrium

Thermal wind law

+



The thermal wind (or, the vertical change 

of geostrophic wind) is parallel to the isotherms: 

VT = V   - V 
g o

V

V

V

g

o

T

Z

g

Zo

T

Mathematically thermal wind is a cross product, in practice it's

a vector that shows the change in wind velocity and direction



2.3.

M

L

L

H

Åthermal radiation

Åland-sea distribution

Åorography



Horizontal upper flow in the northern hemisphere: Z500 hPa



Upper waves:









Zonal index

A measure for the strength of

mid-latitude westerlies

horizontal pressure difference between latitudes 35 and 55

or

corresponding geostrophic wind



High zonal index:

Åstrong westerly component

Åshort, fast waves

Årapidly changing weather

Åisotherms and isohypses in different phases

Low zonal index:

Åweak westerly component

Ålong, slow waves

Åslowly changing weather

Åisotherms and isohypses in the same phase

Wavelength and velocity of upper waves:



Large zonal index:



Small zonal index:



small

zonal 

index

large

zonal

index

Index circulation



Will it stay the sameé

Upper waves can affect the weather: 

éor is there something

on the horizoné?



east

progressionretrogression

ɓ-parameter or Rossby-parameter
Åwavelength

Åthe waveôs velocity

Ålatitude

which

way



ɓ-parameter (barotropic ɓ-plane model, Rossby 1939) :

ɓ=
2ɋcosű

ɋ= rotational speed of the Earth

a = radius of the Earth

ű= latitude

U = velocity of basic westerly flow (assumed constant)

c = phase velocity of the wave advancing in the basic flow

L = wavelength of the wave advancing in the basic flow

k = wavenumber, 2 /́L

c = U -
ɓ

k2

critical velocity = òRossby speedò = Uc

progression: c > 0, retrogression: c < 0

a






