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ÅMet Office Space Weather Operations Centre (MOSWOC)

ÅAmbition for Sun to Earth modelling & motivation for a 
Whole Atmosphere Model

ÅExtending the Met Office UM into the lower thermosphere

ÅSWAMI project 

ÅRadiation, chemistry and dynamics

ÅRoad map towards a coupled S2E models and whole 
atmosphere model 
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Met Office Space Weather 
Operations Centre (MOSWOC)

Å24/7 Operations

ÅFully integrated within Met 
Office Operations Centre

ÅNational capability 
supporting  government, 
military, and critical sectors

ÅTeam includes

ÅSpace Weather 
Operational 
Meteorologists  
ÅScientists
ÅProgrammemanagers
ÅIT developers

ÅSet up in response to NRR: Met Office owns risk

Å UK Government (BEIS funds)  operations and associated research 
via rolling programme

ÅThis funding is for R2O so does not include Whole Atmosmodelling



ÅPhotosphere
(solar surface)
ÅCorona
(solar atmosphere)

ÅSolar wind
(interplanetary space)

ÅMagnetosphere
ÅRadiation belts

ÅIonosphere

ÅThermosphere

ÅMiddle and Lower 
atmosphere 

Toward Sun-Earth coupled modelling

GOAL: Coupled Sun-to-Earth models with DA for much-enhanced forecast capacity

ÅUpper / lower atmosphere 
coupling (via whole 
atmosphere UM)

ÅThermo/ ionosphere 
coupling



A Whole Atmosphere Model

Reasons:
Å Important role of lower 

level driving in 
thermospheric state ï
improved mean state 
and better 
representation of 
variability

Å Lack of thermosphere 
obs means that lower 
level driving could be 
like ñfree DAò

Å State of the 
thermosphere 
important for 
ionospheric evolution

Å Impacts of space 
weather on 
tropospheric weather 
and climate Benefit of good 

ionosphere ICs 

lost in ~1 hr

Good thermosphere 

ICs lead to enhanced 

ionosphere forecast 

skill for ~12 h more

Chartier et al (2013)

Immel et al, (2006l)
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Whole Atmosphere Modelling



The Unified Model (UM)

Vertical levels: 0-~85 km

resolution: ~100m near 
surface; 4-8 km at topÇAll WA / thermos models ( except GITM) use 

hydrostatic dynamical cores. 

ÇHydrostatic assumption assumes vertical velocity 
is negligible ïpoor assumption in the 
thermosphere (e.g. Larsen and Meriwether, 2012)

ÇMost other models also use a shallow atmosphere 
approximation (g Íg(z)), r=a)

ÇThe UM has a deep atmosphere, non -hydrostatic 
dynamical formulation. This should lead to 

Åconsiderably more accurate modelling of vertical 
velocities (and air density) in the thermosphere than 
existing, hydrostatic, models. 

ÅDifferent interaction between dynamics, radiation and 
chemistry (possibly benefiting the more accurate 
dynamics)

ÇThis non - hydrostatic formulation will also 
make the UM unique amongst surface to 
thermosphere - spanning models . 
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Extending the UM 

ÅAim is Whole Atmosphere UM (+ ionosphere) as part of 
coupled S2E modelling system

ÅHuge task, so focus first on UM to  ~120-170 km 
(ñExtended UMò)

Å Add relevant physics & chemistry

Å Dynamical robustness

Å Verification. 

Å Enable coupling with TIEGCM (~97-600 km) ïpushes any
ionospheric development to later

Å Meet goals of Met Office and SWAMI project
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Towards Extended UM building blocks

Å In SWAMI project aim is to blend Extended 

UM with DTM around  ~150-170 km

Å We will 
Å Add non-LTE to fix too-large UM heating rates 

above 70 km 

Å Add FUV/EUV radiation schemes for chemical 

scheme photolysis rates

Å Enhance chemistry scheme => exothermic 

chemical heating for large rise in T in MLT

Å Dynamics - stability

Å Build all these changes into a stable version

Zonal mean SW 

and LW heating �±
Fomichev (2009)

WACCM  

Global 

mean, July, 

solar min


