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1. Introduction
An idealised model for convection developed at the
University of Leeds and suitable for Data Assimilation
research[1,2] will be used for satellite Data Assimilation
(DA) research. A new idealised observation operator has
been developed in order to assimilate simulated satellite
radiance observations. An investigation of satellite
radiance DA at different scales will be performed at a later
stage of the project.
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4. Simulated radiance observations

☞ From radiance to brightness temperature at ground, Rayleigh-
Jeans’ law:

𝐵 𝜆, 𝑇 = 2
𝑘𝐵𝑐

𝜆4
𝑇;

☞ From brightness temperature at ground to surface height, an
ideal gas in hydrostatic equilibrium:

𝑇 =
𝑝𝑡𝑜𝑝
𝜌𝑅

+
𝑔𝐻

𝑅
ℎ′;

Is this reasonable? Are we modelling the PBL?

𝑇 = 284 𝐾 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑔 = 9.81
𝑚

𝑠2

𝑇 = 268 𝐾 𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑔′ = 6.3
𝑚

𝑠2

☞ Non-dimensional brightness temperature:

𝑇′ =
𝑇

𝑇0
=

𝑝𝑡𝑜𝑝
𝜌𝑔𝐻

+ ℎ′

☞ A less arbitrary observational variance for ℎ′ in covariance 
matrix 𝐑 = 𝑑𝑖𝑎𝑔 𝜎ℎ′, 𝜎𝑢′, 𝜎𝑣′, 𝜎𝑟′ 𝑰:

𝜎ℎ′ =
1

𝑇0
𝜎𝑇

5. A spatially varying observational window

☞ A basic configuration (periodic domain):

∆𝑡𝑠 time between 2 consecutive
assimilation

After 𝑛 assimilations:
𝑡𝑛 = ∆𝑡𝑠 ∙ 𝑛
𝑥𝑠𝑎𝑡 = 𝑛 ∙ ∆𝑥𝑠𝑎𝑡 𝑚𝑜𝑑 𝐿

Observation operator:

𝐻 ℎ𝑓 = ℎ 𝑥𝑠𝑎𝑡 +
𝑝𝑡𝑜𝑝

𝜌𝑔𝐻

☞ A more realistic one (based on a polar-orbit satellite):

After 𝑚 orbital periods 𝑇𝑠𝑎𝑡:
𝑥𝑠𝑎𝑡,↑ = 𝜔𝑠𝑎𝑡 ∙ 𝑚 ∙ 𝑇𝑠𝑎𝑡 𝑚𝑜𝑑 2𝜋

𝑥𝑠𝑎𝑡,↓ = 𝜑 + 𝜔𝑠𝑎𝑡 ∙ 𝑚 ∙ 𝑇𝑠𝑎𝑡 𝑚𝑜𝑑 2𝜋

! Irregular duration of forecast step
as ∆𝑡𝑠≠ 𝑇𝑠𝑎𝑡

2. The idealised model for convection[1,2]

𝜕tℎ + 𝜕𝑥 ℎ𝑢 = 0

𝜕t ℎ𝑢 + 𝜕𝑥 ℎ𝑢2 + 𝑃 + ℎ𝑐0
2𝜕𝑥𝑟 −

1

𝑅𝑜
ℎ𝑣 = −𝑄𝜕𝑥𝑏

𝜕t ℎ𝑣 + 𝜕𝑥 ℎ𝑢𝑣 +
1

𝑅𝑜
ℎ𝑢 = 0

𝜕𝑡 ℎ𝑟 + 𝜕𝑥 ℎ𝑢𝑟 + ℎ  𝛽𝜕𝑥𝑢 + 𝛼ℎ𝑟 = 0

with:

𝑃 =  

1

2
𝑔ℎ2, ℎ + 𝑏 ≤ 𝐻𝑐

1

2
𝑔(𝐻𝑐 − 𝑏)2, ℎ + 𝑏 > 𝐻𝑐

 𝛽 =  
𝛽, ℎ + 𝑏 > 𝐻𝑟 𝑎𝑛𝑑 𝜕𝑥𝑢 < 0,

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

☞ Convection and precipitation are triggered by the surface height 
exceeding 2  different thresholds, 𝐻𝑐 and 𝐻𝑟 .

6. Future steps and questions
⇢ Ongoing testing and tuning for the new configurations
⇢ How can we introduce clouds?
⇢ How can we evolve the observation operator towards something

more complex and realistic?
⇢ At a later stage: investigating the impact of satellite radiance DA at

different spatial scales

OBJECTIVE: including simulated satellite radiance observations within a Data Assimilation 
scheme based on an idealised model for convection to facilitate future research
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3. The Data Assimilation setup[1]
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DA research: 
simpler than 
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DA schemes
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𝒚𝑜 = ℎ 𝒙𝑡 + 𝜼𝑜

𝒙𝑎 = 𝒙𝑓 +𝑲 𝒚𝑜 −𝐻 𝒙𝑓

☞ So far all observations are 
assimilated directly, 
simultaneously and at fixed 
points

Picture credits: http://kiwi.atmos.colostate.edu/cmmap/learn/climate/energy8.html

Illustration of the polar orbits of two satellites, MetOp and 
NOAA.
Credits: ESA - AOES Medialab, ID number: SEMZTMOFGLE
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The satellite moves
by ∆𝒙𝒔𝒂𝒕 in ∆𝒕𝒔:
∆𝒙𝒔𝒂𝒕= 𝒗𝒔𝒂𝒕 ∙ ∆𝒕𝒔
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