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E-GVAP data is assimilated in HIRLAM 11km hourly update 
Preparation for assimilation in HARMONIE ongoing 
Development of Slant assimilation in progress 



Slant Path Delay operator

STD operator 

At low elevations S and L differ! 

Refractivity between layers: 

Simplified Tangent Linear and Adjoint
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Figure 2.9: Ray tracing through a layered atmosphere.

earth centre. The geometric angle or true elevation �g and the position angle � of the satellite

in the azimuth-zenith plane are related by

cos(�g) =
rs

`
sin(�), (2.15)

where rs is the distance between the earth centre and the satellite and ` the geometric distance

between receiver and satellite.

When we focus on the transition of the signal from layer j + 1 to j and assuming that the

elevation �j+1 at the bottom of level j + 1 is known we can determine �j through Snell’s law

in spherical coordinates

nj rj cos(�j) = nj+1 rj+1 cos( ), (2.16)

where  is the angle of the ray path with the top of the layer, see Fig. 2.9. This angle can be

found by solving the following three geometric relations

sin[⇡/2 + �j+1]

rj

=
sin( )

rj+1
=

sin(d�j+1)

ds
(2.17)

ds2 = (rj+1)
2 + (rj)

2 � 2rj+1rj cos d�j+1 (2.18)

d�j+1 + �j+1 +  =
⇡

2
, (2.19)

where ds is the length of the ray path in level j + 1, d�j+1 is the angle between the rj+1 and

rj, which are the intersection points of the ray path with the bottom and top respectively of

layer j + 1. Note that the sum of d�j is equal to the (relative) position angle � of satellite with

respect to the receiver in the azimuth-zenith plane.

⌧ =

Z rs

Ha

n(s)ds� L (1)

=

Z rs

Ha

(n(s)� 1)ds+ S � L (2)

=

Z rs

Ha

10�6N (s)ds+ S � L (3)

N(h;Hk  h < Hk�1) = Nk

✓
Nk�1

Nk

◆ h�Hk
Hk�1�Hk

,



Testing

Single observation 
✦ 5 degrees elevation  
✦ point south  
✦ Obs > model 
✦ q increases 
✦ T decreases

Double observation 
✦ 5 degrees elevation  
✦ point south (Obs < model) 
✦ pointing north (Obs > model)



Data used

Benchmark  
• 10 days for (static) bias correction  
• STD mapped by sine of elevation  
• Selection of ‘good’ sites 

✦ reasonable Obs minus Background 
✦ not below orography 
✦ thinning to minimal 50km 

• Selection of data 
✦ 10 minute window  
✦ one obs. per satellite  
✦ lowest elevation  

• 10 days of forecasting



Data assimilated

Data assimilated 
✦ STD : 5% (150-200 obs per cycle)  
✦ TEMP 
✦ AMDAR 
✦ Mode-S EHS (1-2%)



O minus B

20 sites



Impact STD

STD 
✦ positive impact over whole forecast 
✦ bias correction works sub-optimal 
❖ too short time window? 

✦ all observations show very good 
statistics



Impact on T,q

Small positive impact on RH bias 
No impact on T



Outlook

Next steps 
✦ longer run 
✦ more data 
❖ thinning to 20-30 km  
❖ 4DVAR? 

✦ case studies


