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Project objectives

ÅTo develop a model of the whole atmosphere (MOWA) with a science as well as 
operations-focused approach (MCM). Two existing models of the atmosphere, the 
UM and the DTM, will be extended and blended to produce this unique new whole 
atmosphere model, which shall provide estimates of both climatology and space 
weather variability. 

ÅTo provide new high-cadence geomagnetic indices, ΨHpxxΩΣ ƛƴŎƭǳŘƛƴƎ its nowcast
and predictions to be used in the UM and DTM. 

ÅTo develop steps, including provision of software, model output, or data sharing 
facilities, to transition the improved model system into operations. 
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Project approach

MOWA
Climatology & 

Weather

Climatology and weather
re-analysis and predictions:
- Temperature
- Density + composition
- Winds

MCM (0-1500 km)

Solar activity:
F30 radio flux &
Nowcastand 
Forecast

3) Develop MCM

Geomagnetic activity:
New algorithm for
High-cadence Kp

1) Develop new index

Geomagnetic activity:
High-cadence Kp&
Nowcastand
Forecast

4) Develop Kpforecast model
Solar activity:
F30 radio flux

Atmosphere 
observations

Thermosphere 
observations

DTM:
update 
&
improve

UM:
Multi -year run

2) Develop MOWA

Thermosphere

Surface to LT
+

A - Parallel steps:

Develop high-cadence Kpalgorithm

Update and improve DTM
Extend UM to 170 km altitude

B- Parallel steps:

¦ǇŘŀǘŜ 5¢a άKpŀƭƎƻǊƛǘƘƳέ

Tune high-cadence Kp

Multi-year UM run

C - Parallel steps:
Blend DTMand UM (120-170 km):

MOWA
Mean=climatology
Difference= weather

Develop Kpforecast model

D ςDevelop MCM (table-based plus DTM)

UM: David Jackson
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Hp geomagnetic indices

Geomagnetic activity index K

o Only regard horizontal components

o Subtract quiet curve from magnetogram

o Determine range (it is a Range index)

o Translate range into quasi - logarithmic K 
value (see table)

o K: ñKennziffer ò
(= planetary index)

o 3-hourly index, values from 0, 1, é to 9

o Previously hand -scaled, now algorithms 
to derive it from 1 -minute data

o IAGA: Method to determine K considered 
good if disagreement with an established 
method is maximum 20 % of values by a 
maximum K difference of 1

Fig: Siebert (1996)
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Hp geomagnetic indices

Developing H and Hp : new, high -
cadence, K and Kp - like indices

o H is the local index

o Hp is the planetary index (following 
algorithm for calculating Kp from K)

o H90, H60, H30 and Hp90, Hp60, Hp30 
are indices for 90, 60 and 30 minutes 
cadence, respectively

o 90 minutes LEO orbital period

o 60 minutes popular with users

o 30 minutes just to investigate properties

o A clear advantage of a high -cadence 
index is the improved time resolution to 
better define timing of geomagnetic 
activity, especially onset time.
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Hp geomagnetic indices

General problem of high - cadence range 
indices 

o I f we just keep the algorithm for K and 
use it for lower time resolution, then the 
resulting values are generally lower

o Such values can not reasonably be used 
for models that have been developed 
using Kp

o Either, new models have to be developed, 
or the algorithm for high -cadence index 
needs to be modified to result in an index 
with a Kp - like frequency distribution.

6



© Copyright 2018 as per SWAMI Consortium Agreement

DTM model
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Model predictions at 250 km, Kp< 2: 
o 2009-12-14 (mean F10.7 = 75 sfu)
o 2011-12-14 (mean F10.7 = 144 sfu)

DTM is a semi-empirical model:

- Low resolution

- Easy and fast in use (point-wise predictions)

- Relatively accurate

- Climatology 

Temperature and constituents (i.e., the winter 

Helium bulge is present) are modeled:

Concentration at 

120 km Height function

Spherical harmonics7
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DTM model
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DTM model: data

Data used in the construction of: DTM2013 DTM2018 additional

VCHAMP 05/2001 - 08/2010

VGRACE 01/2003 - 12/2011 08/2002 - 12/2016 

VGOCE 11/2009 - 05/2012 11/2009 - 10/2013

VStarlette & Stella 01/1994 - 12/2012 01/1994 - 12/2016

VDeimos-1 03/2010 - 09/2011

VCACTUS 07/1975 - 01/1979

VOGO6 (T) 06/1969 - 08/1975

VDE-2 (T, He, O, N2) 08/1981 - 02/1983

VAE-C (N2) 01/1974 - 04/1977

VAE-E (T, He, O) 12/1975 - 05/1981

VSwarm (-) 04/2014 ï07/2017

And possibly:

Á GUVI, LYRA O/N2?

Á Microscope?

Á Dellingr?

Á GOLD O/N2 & T?

Á SABER NO?

Á APOD?

Á Cryosat2?

Á é?
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DTM model: data

Very few Hi-Res density 
observations: 
Å Below 200 km
Å Above 500 km
Å For strong cycle max

Spectrometer data:
Å Biased
Å Eccentric orbits
Å Before EUV (SEM)
Å No current data 

(satellite model!)
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