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Motivation
obs Type above oceans:
= L 7 SHP oo hardly any radiosondes
ircraft at cruise level
ECMWF Data Coverage (Allobs) - TEMP alrcrait at cruise leve

14/NOV/2005; 00 UTC

Total number of obs = 600
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low accuracy of passive instruments
low resolution and height errors

lidars can measure various
atmospheric quantities in remote
regions with high accuracy and high
resolution either from satellites or
aircraft

goal: estimate benefit with impact
studies
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Differential Absorption Lidar (DIAL)
A~920-945 nm, 100 Hz, 2 W

parameter: water vapour molecule number
nadir or zenith pointing

horiz. resolution: 2 - 40 km

vert. resolution: 500 - 2000 m

scanning coherent 2 um Doppler lidar:
conical scans with 24 positions
- 24 LOS observations (~30/54 s)
- vertical profile of 3-D wind vector
horiz. resolution 5 - 40 km
vert. resolution 100 m
range: 0.5-12 km
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Wind data - Atlantic THORPEX Regional Campaign (A-TReC)
14 - 28 November 2003
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4 flights in "sensitive areas" (targeting)

1 flight for Greenland Tip Jet

1 flight for intercomparison ASAR and lidar
2 transfer flights

8 flights, 1600 wind profiles, 40 000 lidar measurements, 49 dropsondes
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ECMWF-SAP based on TE-SVs (dry T42) and Z500

Valld time: 20031125, 18 UT (Targeting Time)

Shadling: areas of 8,4, 2,1 x10 * km’

trajactory Inltlalized from fc 20031124,00UT +42 h

Targ. time: 20031125, 18 UT/ Verlf. time: 20031127, 00 UT (opt: 30h)

ECMWF sensitivity pIot and 500 hPa

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft

250 500 750 1000 1250
Distance (km)

250 500 750 1000 1250
Distance (km)

(Bep) uonoeup puipm

-360
-315
-270
-225
-180
-135
90

1500 1750 20002200

(sfw) ps=ds puip

(s,*w) sisAjeLre JAANDT
pue Jepl| ussmiaq sousialig

orkshop, Noordwijk 3 October 2006




Statistical intercomparison of lidar and dropsonde winds
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Comparison: 33 Wind profiles Error Lidar (u,v):
> 500 Measurements RMS =0.75-1 m/s
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Assigned errors

20 Error lidar:
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Experiments with ECMWF T511 global model

6 experiments 14-30 November 2003
lidar, ~10 km, Std = 1 m/s
lidar, ~40 km (2 averaging types), Std = 1 m/s
lidar, ~40 km, Std =1.5 m/s
~100 dropsondes (from 10 flights)
control run

thinning to grid points (40 x 40 km, 60 levels)
~ 80% not used
~ 3000 used measurements
5 million operational measurements used per day
lidar = 0.005% additional measurements

4 un-cyled experiments to investigate targeted observations (forecast sensitivity)
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Background departures

Std (bg-dep) all UV
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Background departure = difference

(Std(bg-dep))? = (Std0p)? + (Stdg)?
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Observation influence (22 November 2003)

71°N
Lidar Dropsonde
u, v u, v
Observation | 0.63 0.45
influence
61°N
71°N Number of 758 388
observations
Information 477.5 174.6
content

o I\Iél'l"E 30°E 20°E

observation influence (Cardinali et al. 2004):
0 --> no influence of observations
1 --> no influence of background
mean global observation influence = 0.15
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Reduction of forecast error at 500 hPa - 48 h

Diff in RMS of fc-Error: RMS(fc_en5t - an_eiz3) - RMS(fc_eiz3 - an_eiz3)
Lev=500, Par=z, fcDate=20031115-20031128 00/12 UTC, Step=48
NH=-0.55 SH=1.19 Trop= 0.35 Eur=-4.52 NAmer= 4.2 NAtl= -2.94 NPac= -3.65
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Reduction of forecast error at 500 hPa - 72 h

Diff in RMS of fc-Error: RMS(fc_en5t - an_eiz3) - RMS(fc_eiz3 - an_eiz3)
Lev=500, Par=z, fcDate=20031115-20031128 00/12 UTC, Step=72
NH=-2.37 SH= 2.87 Trop= 0.31 Eur=-11.42 NAmer=5.12 NAtl=-1.61 NPac= -8.24
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Reduction of forecast error at 500 hPa - 96 h

DLR fiir Luft- und Raumfahrt e V.

Diff in RMS of fc-Error: RMS(fc_enbt - an_eiz3) - RMS(fc_eiz3 - an_eiz3)
Lev=500, Par=z, fcDate=20031115-20031128 00/12 UTC, Step=96
NH=-4.14 SH= 6.82 Trop= 0.05 Eur=-14.54 NAmer= -6.13 NAtl= 2.84 NPac=-7.9
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Reduction of forecast error - 500 hPa
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Mean reduction over Europe, averaged over 29 forecasts (2 weeks)
black: experiments with lidar, gray: experiment with 100 dropsondes
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Comparison to mean reduction of NWP error

Reduction of forecast error of 500 hPa geopotential height:

Lidar 72 h: ~ 1 m (3.5%)

R.m.s. error(m) vs analyses N Hem 500hPa 2
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Simmons and Hollingsworth 2002:

72 h: 10 min 10 years
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Analysis influence of lidar data

Analysis u-velocity difference (escx-esas)

Cross section andiff (escx-esas) 20031126 00 UTC
a0 : — f ’

100

200°F

[ L T 7 R S &

latitdue

pressure f hPa

u-velocity / ms’!
[ ]
u-velocity / mg’

300

400

500

&0

700
800 L
OO0 ool
1000
0

' ! | ] '
8,1 E-Y [ (] -

1000 1500
longitude range f km

Analysis difference of lidar experiment and control run
26 November 2003, 00 UTC
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Reduction of forecast error at 100 hPa - 72 h

Diff in RMS of fc-Error: RMS(fc_en5t - an_eiz3) - RMS(fc_eiz3 - an_eiz3)
Lev=100, Par=z, fcDate=20031115-20031128 00/12 UTC, Step=72
NH=-0.75 SH= 0.96 Trop= 1.25 Eur=-8.54 NAmer= 3.1 NAtl=-0.04 NPac=-5.53
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highest lidar observations at 250-300 hPa
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Relative reduction of RH forecast error - 48, 72, 96 h

Pressure (hPa)
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' A-TReC targeting campaigns

20031115 at 18 Step4?2 ) 20031120 at 18 Step54
- o =
30°H e 537 S / :
Cut off | wif{dmor/tugal
heavy p d NW-Spain |

20031122 at 18 Step66 ... 20031125 at 18 Step30

; L s =
| - : I % | }?&“ —E-—ﬂ
H _: B - l‘ 4.-- - " —/’F_— oh
| 3 _‘\ / B

4501 [LE

30°N

Strong

?/lnd?&ﬁmsmwest Europe

45°W 0®

¥ DLR Tur Lutt- und Raumranrt e\.

in der Helmholtz-Gemeinschaft llation Workshop, Noordwijk 3 October 2006




A

i

R

The influence of targeted observations

‘l Contribution to FCE m Obs Rel Num ‘
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The problem of case studies ...
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statistical problem --> larger sample
practical restrictions --> better planning
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' Impact outside the verification area F

2003111518 Step4?2 2003112018 Step 54

9

7 14 4 8
3 7 2 2
8 6

8 5

Impact outside of verification area --> larger areas
Improved sensitivity predictions - Kalman Filter
no compromise between sensitive areas calculated by different models
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Transfer flights to 4 field campaigns during 2002 - 2005
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Stratospheric DIAL observations

Backscatter Ratio at 1064 nm (| | Polarisation)
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Impact of lidar H20O-observations (preliminary)

Assigned errors: 4 - 10%

Mean relative background departure:
2400 observations
Std = 44%
Bias < 1%

Percentage
Ll
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Reduction of TCWV first guess error (lidar - control)
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Conclusions

first assimilation of "real" Doppler lidar measurements in global NWP model
lidar measurements have a smaller error than all other operational wind observations
--> analysis influence is 50% higher than that of dropsonde obs.
information content is three times higher

lidar wind measurements reduce the average forecast error of u, v, z, rh, and t over Europe
average reduction of the 48 - 96h forecast error over Europe ~3%

propagation of the information into the lower stratosphere through 4D-Var

limitations of targeted observations
need for more cases, larger verification area, systematic decisions

ongoing water vapour studies

emphasizes the potential airborne and spaceborne lidars (ADM-Aeolus, possible future water
vapour DIAL satellite)

future campaigns: COPS 2007, IPY 2008, T-PARC 2008
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launch: 2009

300 Mio. Euros for 3 years
3000 LOS-profiles per day
100 Euros per LOS-profile
std 2-3 m/s

vert. resolution 500-1000 m
horiz. resolution 50/200 km
no modification after launch
stratospheric winds

regular spacing
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10-20 Mio. Euros for >3 years
650 wind profiles per day

two wind components

15-30 Euros per LOS-profile
std 1-1.5 m/s

vert. resolution 100 m

horiz. res.: 50 km (up to 5 km)
no signal in very clear air
could be operated longer

radiosonde/drops.
500-1000 Euros
std 2-3 m/s
alsoT,q,p
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