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Climate	
  impacts	
  on	
  society	
  
	
  

– Climate	
  impacts	
  are	
  mul?faceted	
  and	
  can	
  occur	
  
over	
  many	
  ?mescales	
  
•  Severe	
  weather:	
  floods,	
  droughts	
  
•  Impacts	
  on	
  health:	
  	
  

–  Vector	
  borne	
  diseases	
  
–  Heat	
  stress	
  
–  parasites	
  
–  Food	
  security	
  

•  Infrastructure,	
  economy,	
  sea	
  level	
  rise...	
  

– But	
  how	
  can	
  we	
  get	
  climate	
  data	
  for	
  the	
  present	
  
day?	
  



Sources	
  of	
  data:	
  sta?ons	
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For	
  Satellite	
  –	
  coverage	
  can	
  be	
  less	
  of	
  an	
  issue	
  
(polar	
  or	
  geosta?onary	
  –	
  resolu?on,	
  swathe,	
  return	
  ?mes)	
  


 




Satellite	
  –	
  advantages	
  and	
  disadvantages	
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What	
  to	
  use?	
  
What	
  is	
  best?	
  	
  	
  



But	
  some	
  variables	
  in	
  contrast	
  are	
  difficult	
  to	
  get	
  
directly	
  from	
  Satellite	
  

•  Surface	
  temperature:	
  reliable	
  over	
  oceans	
  using	
  
microwave.	
  	
  Some	
  products	
  over	
  land,	
  but	
  
uncertainty	
  is	
  large	
  and	
  not	
  available	
  daily	
  

•  Winds:	
  reasonable	
  over	
  oceans	
  using	
  
scaRerometer	
  data,	
  surface	
  winds	
  over	
  lands	
  not	
  
possible.	
  Upper	
  level	
  winds	
  from	
  feature	
  tracking	
  
(cloud,	
  humidity)	
  but	
  uncertain?es	
  high.	
  

•  Humidity:	
  near	
  surface	
  only	
  indirectly.	
  
•  Take	
  home	
  message:	
  most	
  (near)	
  surface	
  
variables	
  over	
  land	
  very	
  difficult	
  to	
  infer	
  from	
  
remote	
  sensing	
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A	
  supplement	
  source	
  of	
  climate	
  informa?on:	
  
analysis	
  and	
  reanalysis	
  

•  To	
  make	
  forecasts	
  of	
  the	
  future	
  weather,	
  
knowledge	
  of	
  the	
  present	
  state	
  is	
  required	
  

•  This	
  “picture”	
  of	
  the	
  atmosphere	
  needs	
  to	
  be	
  
“balanced”	
  –	
  Simple	
  spa?al	
  and	
  temporal	
  
interpola?on	
  of	
  observa?ons	
  doesn’t	
  work	
  

•  Hence	
  the	
  development	
  of	
  analysis	
  systems	
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Use	
  of	
  a	
  forecast	
  model	
  is	
  required	
  	
  to	
  
obtain	
  balanced	
  state	
  



recipe	
  in	
  a	
  nutshell	
  
1.	
  Make	
  a	
  
short	
  forecast	
  
from	
  previous	
  
“analysis”,	
  
call	
  the	
  
“control”	
  



recipe	
  in	
  a	
  nutshell	
  

2.	
  Throw	
  out	
  
“bad”	
  data	
  
automa?cally	
  

departure	
  too	
  large	
  



recipe	
  in	
  a	
  nutshell	
  
3.	
  Using	
  a	
  clever	
  
technique,	
  find	
  set	
  
of	
  ini?al	
  condi?on	
  
perturba?ons	
  that	
  
minimize	
  the	
  
departure	
  of	
  a	
  
revised	
  LINEAR	
  
forecast	
  from	
  both	
  
the	
  control	
  and	
  the	
  
set	
  of	
  “good”	
  
observa?ons	
  
(translate	
  model	
  to	
  
observa?on	
  space	
  
where	
  necessary)	
  

Linear	
  model	
  



recipe	
  in	
  a	
  nutshell	
  
4.	
  Perform	
  
revised	
  
“control”	
  
forecast	
  
star?ng	
  from	
  
this	
  new	
  
ini?al	
  
condi?on	
  



recipe	
  in	
  a	
  nutshell	
  

5.	
  Repeat	
  
step	
  1-­‐4	
  
un?l	
  (if!)	
  the	
  
process	
  
converges	
  
(e.g.	
  3	
  
cycles)	
  



recipe	
  in	
  a	
  nutshell	
  
6.	
  Now	
  take	
  
any	
  ?me	
  
point	
  of	
  the	
  
final	
  
“control”	
  
and	
  use	
  this	
  
as	
  the	
  
“analysis”	
  

06Z	
  analysis	
  

00Z	
   06Z	
   12Z	
  

12Z	
  analysis	
  



Fluxes	
  and	
  instaneous	
  fields	
  
•  Instaneous	
  
fields	
  such	
  as	
  
temperature	
  
are	
  taken	
  from	
  
the	
  “analysis”	
  

•  Pointless	
  to	
  do	
  
this	
  for	
  fluxes	
  
as	
  can	
  not	
  
calculate	
  water	
  
and	
  energy	
  
budgets	
  –	
  these	
  
are	
  obtained	
  
from	
  short-­‐
range	
  forecasts	
  
(0-­‐24hrs)	
  

	
  

06Z	
  analysis	
  
e.g.	
  T2m	
  

00Z	
   06Z	
   12Z	
  

12Z	
  analysis	
  

fluxes	
  –	
  e.g.	
  
rainfall	
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Advantages	
  of	
  analysis	
  system	
  

•  all	
  observa?ons	
  contribute	
  to	
  all	
  variables	
  
•  Poor	
  data	
  can	
  be	
  automa?cally	
  “sifed”	
  

2876 A. M. TOMPKINS et al.

TABLE 2. DATA DENIAL EXPERIMENTS

Experiment Data denied Region

1 Radiosonde, pilot and aircraft Local
2 Radiosonde, pilot and aircraft Global
3 Satellite Local
4 Surface SYNOP and drift sondes Local
5 All wind information Local

‘Local’ implies the region 0 to 30◦N and from 30◦W to 60◦E.

0 1 2 3 4
Temperature ( oC)

1000

900

800

700

600

500

P
re

ss
ur

e 
(h

P
a)

0 10 20 30 40 50
Relative Humidity (%)

1000

900

800

700

600

500

P
re

ss
ur

e 
(h

P
a)

-2 0 2 4 6 8
Zonal Wind (m s -1)

1000

900

800

700

600

500

P
re

ss
ur

e 
(h

P
a)

0 2 4 6 8
Zonal Wind (m s -1)

1000

900

800

700

600

500

P
re

ss
ur

e 
(h

P
a)

Control
5 day FC

Sondes
Synop

Winds
Global Sondes

a) b)

c) d)

Figure 10. Root mean square errors on 28 August 2000 of analysed (a) temperature, (b) relative humidity, and
(d) zonal wind speed for a subset (see legend) of the denial experiments. (c) is the bias of zonal wind speed.

See text for further details.

in similar error structures for most experiments, and thus are not shown. To place the
denial experience into context, the bias and r.m.s. errors are also given for the 5-day
forecast, which are seen to be significantly greater than the analysis on 28 August.

For the zonal wind, the analysis of the jet is deteriorated when various sources of
information are removed from the system. The exception is the removal of satellite data,
which, while reducing the peak winds slightly, had a relatively minor effect overall and
is thus not included in the figure for clarity. In each case the vertical structure is similar,
with the maximum of the bias and r.m.s. errors occurring in the layer between 700 and
900 hPa.

The dominant source of information is revealed to be the collective group of
radiosondes, pilot balloons and aircraft observations, although the latter were extremely
sparse and are unlikely to contribute greatly. In terms of mean bias and r.m.s. error,
neglecting these data sources over the locally defined region results in a deterioration

Example:	
  Data	
  denial	
  experiments	
  conducted	
  over	
  West	
  Africa	
  by	
  
Tompkins	
  et	
  al.	
  2003	
  QJRMS:	
  	
  



2866 A. M. TOMPKINS et al.

Figure 2. Location of observations assimilated into the ECMWF system on 28 August 2000: (a) pilot bal-
loon soundings, (b) radiosondes (circles) and dropsondes (boxes), (c) SYNOPs (circles) and ships (diamonds)
(d) AIREP (circles), AMDAR (diamonds) and ACARS (boxes) data, (e) ATOVS data and (f) SATOB winds.

See text for acronyms.

(with an opposite sign to the surface pressure increment). On the other hand, large-scale
surface pressure increments are incorporated almost barotropically, thereby affecting
thickness at all levels above, resulting in small temperature increments throughout the
troposphere. For average conditions, most of the temperature increments usually occur
between 850 and 700 hPa, at and below the level of the AEJ. Andersson et al. (1998)
also noted a near-zero correlation between surface pressure and temperature increments
in the lowest few model levels within the planetary boundary layer (PBL).

Figure 2 also illustrates Advanced TIROS Operational Vertical Scanner (ATOVS)
radiances and satellite-observed (SATOB) AMV data. For this region the latter are
almost solely provided by the Meteosat 7 platform. The data are considerably reduced
by data thinning and quality-control checks. For example, as of August 2000 the
satellite observations of TOVS/ATOVS (infrared (IR) sounder, microwave sounding unit
and stratospheric sounding unit) were assimilated only in clear-sky conditions due to
the difficulty of extracting temperature and humidity information from contaminated
(by cloud and precipitation) radiances (McNally et al. 1999), although the threshold
used for cloud screening for the microwave channels is less stringent, allowing the use
of data in scenes with thin cloud present. Also, the difficulties of characterizing the land
surface emissivity at infrared and microwave frequencies limit the use of TOVS/ATOVS
radiances to the channels having no significant sensitivity to the surface. Most of
the channels that provide mid- to lower-tropospheric information are also sensitive to
surface conditions.

Satellite wind observations derived from geostationary images concern the visible
(VIS) channel at low levels (below 700 hPa) and only over sea, the water vapour (WV)
channel at high levels only (above 400 hPa) and the IR channel at all levels. They supply
single-level data at any given location, corresponding to the observed cloud top. Due to
the uncertainty of the cloud being followed, this derived wind-altitude assignment can be

Observa?ons	
  assimilated	
  in	
  2000	
  



Root	
  mean	
  square	
  wind	
  errors	
  –	
  compared	
  to	
  
independent	
  data	
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TABLE 2. DATA DENIAL EXPERIMENTS

Experiment Data denied Region

1 Radiosonde, pilot and aircraft Local
2 Radiosonde, pilot and aircraft Global
3 Satellite Local
4 Surface SYNOP and drift sondes Local
5 All wind information Local

‘Local’ implies the region 0 to 30◦N and from 30◦W to 60◦E.
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Figure 10. Root mean square errors on 28 August 2000 of analysed (a) temperature, (b) relative humidity, and
(d) zonal wind speed for a subset (see legend) of the denial experiments. (c) is the bias of zonal wind speed.

See text for further details.

in similar error structures for most experiments, and thus are not shown. To place the
denial experience into context, the bias and r.m.s. errors are also given for the 5-day
forecast, which are seen to be significantly greater than the analysis on 28 August.

For the zonal wind, the analysis of the jet is deteriorated when various sources of
information are removed from the system. The exception is the removal of satellite data,
which, while reducing the peak winds slightly, had a relatively minor effect overall and
is thus not included in the figure for clarity. In each case the vertical structure is similar,
with the maximum of the bias and r.m.s. errors occurring in the layer between 700 and
900 hPa.

The dominant source of information is revealed to be the collective group of
radiosondes, pilot balloons and aircraft observations, although the latter were extremely
sparse and are unlikely to contribute greatly. In terms of mean bias and r.m.s. error,
neglecting these data sources over the locally defined region results in a deterioration

Default	
  
analysis	
  

All	
  winds	
  
removed	
  

Sonde	
  data	
  
removed	
  

5	
  day	
  
forecast	
  

local	
  

global	
  

Conclusion:	
  Sonde	
  temperature	
  informa?on	
  more	
  important	
  for	
  
wind	
  analysis	
  than	
  winds!	
  



But	
  what	
  is	
  REanalysis?	
  
•  Opera?onal	
  forecas?ng	
  systems	
  change	
  their	
  
systems	
  3	
  or	
  4	
  ?mes	
  a	
  year	
  
– New	
  observa?on	
  sources	
  to	
  be	
  incorporated	
  
–  Improvements	
  to	
  the	
  physics	
  in	
  the	
  forecast	
  models	
  	
  
–  Improvements	
  to	
  the	
  data	
  assimila?on	
  techniques.	
  

•  This	
  means	
  that	
  the	
  analyses	
  are	
  not	
  “coherent”	
  
in	
  ?me	
  
–  e.g.	
  Could	
  a	
  temperature	
  trend	
  be	
  due	
  to	
  changes	
  in	
  
data	
  and/or	
  assimila?on	
  system	
  

•  One	
  way	
  to	
  improve	
  the	
  coherency	
  in	
  reanalysis:	
  
The	
  same	
  system	
  is	
  run	
  for	
  all	
  past	
  dates.	
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To	
  give	
  you	
  an	
  idea	
  
•  Reanalysis	
  of	
  ERA-­‐40	
  uses	
  a	
  model	
  
cycle	
  that	
  was	
  opera?onal	
  in	
  2000	
  

•  Reanalysis	
  of	
  ERA-­‐Interm	
  uses	
  a	
  model	
  
cycle	
  that	
  was	
  opera?onal	
  in	
  
approximately	
  2006	
  

1979	
   2006	
   present	
  

No	
  Improvements	
  in	
  model	
  and	
  assimila?on	
  sofware	
  –	
  fixed	
  at	
  2006	
  
New	
  planorms	
  only	
  ?l	
  2006	
  in	
  general	
  

RE-­‐analysis	
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hRp://apps.ecmwf.int/datasets/data/
interim_full_daily/	
  

•  We	
  will	
  now	
  try	
  to	
  
download	
  some	
  
fields	
  using	
  the	
  
reanalysis	
  server	
  

•  and	
  post-­‐process	
  
them	
  using	
  cdo	
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