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1. Introduction

What is synoptics?
The synoptic scale
Analysis and interpretation
Conceptual models
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Cloud images by Jarmo Koistinen



1.1. What Is synoptics?

. What I1s happening?
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Necessary terms and concepts of dynamics:
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vector calculus (vector components, nabla, cross product, patrtial
derivatives)

advection, divergence, vorticity, potential vorticity, deformation

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

the equations of motion, the conservation of momentum and mass
hydrostatic equilibrium

geostrophic and ageostrophic winds

potential temperature

thermal wind

gradient flow

barotropic ja baroclinic atmospheres

omega-yhtalo ja Sutcliffen saanto

Martin: chapters 1-6



TA‘ - Fo‘ <

0% 3T over Lhe

frw.'af..ng winds

lanhic cavpes " 3 '
Aldarn 2 gvah cloudbanks

W‘t'l!‘ LC‘ C\"‘r"r“’c over t.t :‘I’l‘)'ud

fo1 ming Ciwds avavy

R

?n‘ X
Ablanlic Ocean

drops on
Ireland

PIAGRAM. THE 1RISH WEATHER CYCLE
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Synoptic scale (300 T 3000) km

Al-8 days
A e.g. mid-level cyclones

A soundings, radar images,
polar orbit satellites




Mesoscale (317 300) km
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Small scale (1 mm 1T 3 km)

Image by Jarmo Koistinen

Ae.g. gusts,
the formation of hall

Aradar images,
measurements of
Individual parameters



On the other hand, synopti cs
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1.3. Analysis and interpretation
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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

l analysis

The current state of the atmosphere

l diagnostic laws of physics

Understanding the state of the atmosphere

l prognostic laws of physics

The future state of the atmosphere




Observations:

I SYNOP observations

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

| soundings

| satellite images

I radar images

| 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:
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SYNOP observations are analyzed
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Example: analysis of a synop chart:

A Isobars, isolines of atmospheric pressure

A Isallobars, isolines of pressure tendency

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

A Wind convergence zones
A Isotherms

A Anything, as required: forest fires, etc.
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Names of pressure field features:

Low pressure center
Secondary low center
Low pressure trough
High pressure center
Secondary high center
High pressure ridge
Saddle point




Satellite images




Radar images:




Weather camera

Images:
Vimpeli (GMT) Mon Jan 29 14:26:00 2007 © limatieteen laitos




Numerical fields of different models
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1. Numerical parameters on pressure fields

sunday 28 January 2007 12UTC ECMWF Forecast t+15 VT: Monday 29 January 2007 03UTC 850hPa Geopotentiall300hPa V velocity
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850 hPa T (shades), Z (contours)
initial: 06Z29JAN2007 valid: 17Z29JAN2007
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Numerical model fields
2. Parameters in a vertical cross section
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1.4.

Conceptual models

flexible

cold advection turning wind

rain

?




Remember:

transformation

season,
surface

S S



Synoptic scale

A Tropopause jet streams
and height

A Low and high
pressures

A Temperature
anomalies

A Fronts and troughs
A Conveyor belts

Mesoscale

A Lower troposphere jet
streams

A Convective rain
A Convergence areas
A Winds

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



Detached warm front
Tropopause anomaly

Back-bent occlusion

Orographic Warm seclusion
precipitation




Interpretation Is a subjective tool!

An Anasyg/Presyqgi chart from Météo-France:




Why do manual analysis and interpretation?

A Conceptual models cannot be identified automatically with existing
equipment

A One can spot errors in the model and anticipate developments that
di ffer from the model 6s predict.i

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

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

A Drawing |lines and conceptual mod
understanding of the issue at hand more than simply looking at
finished products.



An analysed chart can be

A Working chart for oneself and colleagues
I Surface charts

A Product for a customer
I Weather charts for magazines
I Briefing charts for aviation
I lIce and wind charts for shipping



Weather situation analysis 1 Feb 2007 at 14:00
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The chart is based on observations taken at the given time.
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2. Tropospheric circulation

2.1. Mean wind conditions globally
2.2. Geostrophic and thermal winds

2.3. Upper waves




2.1. Mean wind conditions globally

Mean winds in the northern hemisphere in winter:
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Mean surface pressure distribution and winds for January
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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




The difference in temperature between the tropics and
the poles is the most important contributor to
atmospheric circulation:

Disturbances in the upper waves:
A transfer dry energy and latent
heat toward the poles
A produce the majority of a
hemi spher eds ki
A determine the weather in the
area in question

Hadley cell:
Aenergy toward the poles
Alatent heat toward the equator
Aangular momentum upward
Akinetic energy

(Y subtropical |j




Thermodynamic equilibrium:
Each hemisphere always has 4-5 weather disturbances







2.2. Geostrophic and thermal winds

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

Remember:

GRADIENT wind
GEOSTROphic wind
AGEOSTROphic wind
Thermal wind




Geostrophic wind
In the northern hemisphere

pressure gradient force

hic wind
geostrophic Coriolis force




Jet streams

Boundary layer

Image by Jarmo Koistinen






Thermal wind

500 hPa

Z=5km

850 hPa




hydrostatic

m i oeostrophy

equilibrium

Thermal wind law



The thermal wind (or, the vertical change
of geostrophic wind) Is parallel to the isotherms:

Mathematically thermal wind is a cross product, in practice it's
a vector that shows the change in wind velocity and direction



.....

Athermal radiation
Aland-sea distribution
Aorography




Horizontal upper flow in the northern hemisphere: Z500 hPa

20070308 00 UTC
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Upper waves:

20070308 00 UTC




20070313 00 UTC
_..-" :" i I.-'l“‘\- Y "_




o
—
=
=
=
Y
—
reY
o=
[
=
-
™




20070313 06 UTC
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Zonal index

A measure for the strength of
—— mid-latitude westerlies

horizontal pressure difference between latitudes 35 and 55
or

corresponding geostrophic wind



Wavelength and velocity of upper waves:

High zonal index:

Astrong westerly component

Ashort, fast waves

Arapidly changing weather

Aisotherms and isohypses in different phases

Low zonal index:

R —1

Aweak westerly component

‘,
| Along, slow waves

Aslowly changing weather
Aisotherms and isohypses in the same phase



Large zonal index:
20070327 18 UTC
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Small zonal index:

20070308 00 UTC







Upper waves can affect the weather:

there'! €
hori zone?~




retrogression progression
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b-parameter or Rossby-parameter
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b-parameter (barotropic b-plane model, Rossby 1939) :

2q cosu
a

b =

g = rotational speed of the Earth
a = radius of the Earth
U = 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

_ b
c=U- 2
critical wvelocity & ORoOssby

progression: ¢ > 0, retrogression: c <0

speed



Thursday 20 Oetober 2077 0QUTC QECMWF Analysis t++000 VT: Thursday 20 October 20171 GAUTC

850 h Pa Temperature / 500 hPa Geopotential
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