* :
How your weather forecast is made - its dependence
on passive microwave data from satellites
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Differing science weather forces

.
-
Tropics
- delicate forces - Delicate foEces N—
-" land-ocean temperature | 10 elicacgmes
difference BRIE ra-0céanag _‘..;'”f‘f*'-*:'*-
- heat released when clouds | temperatura, ¥
form ' cuando se';f';‘.' |

e Extratropical o Extratro__p_i_

- more obvious forces BEBIETEs mas evidentes
_ kel

- earth rotation (Cori -a_é:_jrdtécién de la Tierra (Coriolis)

- atmospheric presst 2= la presion atmosférica
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How the forecast is made — extratropical

Observe the current state of the
atmosphere

Gather*and distribute observed data

Feed data into weather model
Run weather model
Generate weather forecast -

Distribute weather, forecast |
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Observe the current state of the atmosphere
Observar el estado actual de la atmosfera

Weather Station/ | |
Estacion Meteorolégica



Observe the current state of the atmosphere
Observar el estado actual de la atmdsfera

 Radiosonde / -
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Weather Station/ | |
Estacion Meteorolégica



Observe the current state of the atmosphere
Observar el estado actual de la atmdsfera
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Observe the current state of the atmosphere

Satellite /
Satelite
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Gather and distribute observed data

via WMO Information System

.

International Organizations

(IAEA, CTBTO, UNEP, FAO.. ) ] : 1
RS S s National Centre -
\i +Global Run-off Data Centre ___ﬁ__ =
+Global Precip Climatology Centre o = Y 1
R e - prediction
+IRI and other climate ( ) Y & /

research institutes y . ; ocrg ¥
U veratias ‘ . anaged, Regional and Internet~==

Communication Net 5 Commercial

/””Senrice Providers

*World Radiation Centre
*Regional Instrument Centres
*

(nc)

AL WMO World Data
*  Centres

Satellitd
Bge Satellite Disseguindtion NC.
WTwo-Way 3 P akedy,

lz_risyfstem v —

{ NC )

NC = National Centres = Real-time "push"
GISC = Global Information System Centres =P On-dernand "pull"

DCPC = Data Collection and Production Centres

Figure 1 - ram showing WIS core components and Information E
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Feed data into weather model

Vertical Grid

Physical Processes in a Model

dalar  Werrestrial
radiaficn rodiafion

ATMOSPHERE
i A

-

8/21/2012



Run weather model

Key elements of NWP system

* Start with analysis |
e Forecast weather variables in small time steps
e Follow laws of thermodynamics and chemis

8/21/2012
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A ENSES
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Run weather model

Data Assimilation

Forecast trajectory

o ,Background trajectory
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Weather model output

 Two types of output
‘*/ .
— Data for the public and foreca
— Data to evaluate the weathg
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Data for the public and forecasters

08/06/12 12UTC 0249HR FCST vALID TUE 0&/07/12 12UTC NCEP/NWS/NOAA

120807/1200¥v0249 GFS MELP. OEHR PCPFN (IN). 1000-500ME THICK
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Data to evaluate the weather model

30 day effects of observations on 24 hour accuracy (00 UTC observations period ending 16.07.2012)

12 of 16 observation types are made by satellites
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Why satellite observations are important

3 day snowfall forecast for 19.12.2009 at 1200UTC - data assimilation system

No polar satellites NOAA18/Aqua METOP-A only " METOP-A "A18/Aqua

ey
© What actually happened
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Humans using models improve the forecast

—— human forecast @
—=— model forecast
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Generate Weather Forecast

A forecaster

A forecaster adds value to weather models

8/21/2012

Watches weather using models, analyses, experience
Diagnoses model errors - adjusts forecast

Adjusts short term forecast - reflect current conditions
Modifies long term forecast
Delivers forecast for dissemination

flelos, analisis, experiencia g
S
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Distribute weather forecast

Forecasts are perishable -> disseminate rapidly
Disseminate via

= Point to multipoint (Newspapers, radio, t.v.)
— Point to point - on demand to one user at a tim
— Other methods — Telephone, fax, emai

8/21/2012
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| Summary

e Weather models are important to forecasts .
* Forecasters add value to models
 Models are heavily dependent on satellite data, 12 of 16 data inputs are from satellite
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Ecuador climate correlated with terrain
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Why éatellite data is important

Snowfall forecast three days in advance of the 19th December 2009 at 12z, from the assimilation system

NOAA18/Aqua _

Tony McNally

, Tony
McNally, ECMWF The 18th International
TOVS Study Conference (ITSC-18)
Toulouse, France
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http://cimss.ssec.wisc.edu/itwg/itsc/itsc18/program/files/post-EPS.pdf
http://cimss.ssec.wisc.edu/itwg/itsc/itsc18/program/files/post-EPS.pdf
http://cimss.ssec.wisc.edu/itwg/itsc/itsc18/program/files/post-EPS.pdf

Distribute observed data

International Organizations
(IAEA, CTBTO, UNEP, FAO..)  +GAW World Data Centres
*World Radiation Centre : *GCOS Data Centres
*Regional Instrument Centres ¥ \ +Global Run-off Data Centre
+Global Precip Climatology Centre

S S, (ne )
+IRI and other climate ( ) — “~NcTE
research institutes : tDCp(; ¥
sUniversities
+Regional Climate Centre's

Managed, Regional and Interne

Cornraunication Networks Commercial

(". NC "'\/,SE:NICB Providers

- "-"‘-"-._‘ WMO World Data
Centres
NC = Mational Centres =P Real-time "push”
GISC = Global Information System Centres =P On-dernand "pull"
DCPC = Data Collection and Production Centres
| ot ’;’I I.
* National Centre - nume rical weather prediction (NWP)

/,_,

supports single nat en/a;drﬁfmstratlon
 Data Collection and-Production Centre - European Centre for
Medium Range Weather Forecasting supports multiple

8/21/2012 http://www.wmo.int/pages/prog/www/WIS/centres_en.html| 25
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Run weather model

Data Assimilation

Forecast trajectory

o Background trajectory

Tony McNally (ECMWF)
http://earth.eo.esa.int/eosummerschool/e
nvschool _2008/lectures/TM_1.pdf
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Run weather model

Key elements of numerical weather prediction
- system?

E 3

 Start with analysis |
* forecast weather variablesin e steps

 Follow laws ofqt

This is data assimilati

1After Tony McNally (ECMWEF) 27
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Weather model output
data about weather data

00Z Impact Sum by Instrument Type

Impact of OOUTC observations on 24h global forecast error — moist total energy norm (J kg—1)

for 30 days ending 16 Jul 2012
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Distribute/disseminate weather
information

Based on http://www.wmo.int/pages/prog/amp/pwsp/communicationdissemination_en.htm *

e Point to multipoint
* Point to point
e Other methods
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The forecast process

(requires free login account)
-

Add value to weather models
e Value differs from end user to end user

e Users want accurate fore_cast
— Some want to know forecaste
— Some want probabilitie
— Others want "go or
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https://www.meted.ucar.edu/training_course.php?id=22
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The forecast process

Forecast Process Method

 The Meteorological Watch (or MetWatch)
— Continuous
2 Gain insight into trends
— Recognize or anticipate departures from the official fore
— Requires
* creation of conceptual models

e personal judgment
* diagnostic techniques.

e Diagnose Cause and Effect
— Requires forecasters to prope
— Meteorologists derive mo forecas _
— Identify the cause of thi atior ;;;'__;-:f '_last —can gain insight into how the

8/21/2012
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https://www.meted.ucar.edu/training_course.php?id=22

-

The forecast process

Determine Plausible Outcomes

Update

Following departure diagnosis
Determine appropriate response
Decide what could occur due to the discrepancies

Assess our degree of confidence based on the analysis/diagnosis a
guidance.

Forecast must contain as much detail as confldence :
Not become mired in endless data analysis _
“Analysis paralysis” prevents from decision ch dz _v_;sl_f analyze
Studies have shown that decisions ma nts of d
to ones where more data is pored ¢

New forecast to reflect for C

Three components
* make the forecast re
* change the near-ter;

o change the Ionge‘r’féa) forecasts (|f warranted) based on
— conceptual modelf’ fatm b‘herlc evolution
— how it compares to determmlstlc and probabilistic model forecasts.



Some satellite observing system

acronyms

Atmospheric Infrared Sounder

Advanced microwave sounding unit - a

Advanced Very High Resolution Radiometer (AVHRR) sensor AVHRR/3 sensor
on NOAA-15, 16, 17, 18 and 19 measures in six bands though only five are
transmitted to the ground at any time

Dropsonde

deployed from the aircraft and drift down on a parachute measuring vertical profiles
of pressure, temperature, humidity

GEO

geosynchronous satellite 35,786 km (22,236 miles)

GPS-RO

GPS radio occultation

IASI

Infrared Atmospheric Sounding Interferometer

LEO

low earth orbiting satellite (between 160 kilometers (99 mi) and 2,000 kilometers
(1,200 mi)

MHS

microwave Microwave Humidity Sounder

Moderate Resolution Imaging Spectroradiometer - a scanning spectro-radiometer
with 36 spectral bands between 0.645 and 14.235 um

rawinsonde observation

satellite water vapour

special sensor microwave imager/sounder

tropical cyclone bogusing
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