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Aerosol Optical Depth from Models and Satellites (Kinne et al., 2006):
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Figure 1.  Comparison for the annual global average aerosol optical thickness at .55Pm (aot) 
between simulations in global modeling and data derived from remote sensing measurements. 
The upper panel shows diversity in 2002 among models and satellite data (Kinne et al 2003). 
The lower panel displays model diversity in 2005 and compares the model median to two data 
references from remote sensing: AERONET (Ae) and a satellite-data composite (S*). Spatial 
deficiencies of remote sensing data-sets in both panels have been corrected with the bias, such 
sub-sampling would introduce to the model median value.  

 

 

The lower panel of Figure 1 indicates the two recommended remote sensing based references 

for the global annual aot at 0.135 (Ae - AERONET) and at 0.151 (S* - satellite composite). 

The composite value (S*) is based on monthly 3ox 3o longitude/latitude monthly averages, 

where preference is given to year 2000 data. Over land preference is given to MISR over 

TOMS, except in the central tropics, where MODIS is preferred over MISR. Over oceans 

MODIS is preferred over AVHRR-1ch, whereas this order in reversed at mid-(to high) 
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2002: MODEL simulations (solid bars) vs. satellite DATA (textured)

gl
ob

al
 a

nn
ua

l a
ot

 

UL SP
MI

EH NF

GO GI
GR
To

Mi Mo
Mn Av
An Po

0

0.06

0.12

0.18

0.24

2005: MODEL simulations and its median (white) vs. DATA (dotted)
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Fig. 1. Comparison for the annual global average aerosol optical thickness at 55µm (aot) between simulations in global modeling and data
derived from remote sensing measurements. The upper panel shows diversity in 2002 among models and satellite data (Kinne et al., 2003).
The lower panel displays model diversity in 2005 and compares the model median to two quality data references from remote sensing:
AERONET (Ae) and a satellite-data composite (S*). Spatial deficiencies of remote sensing data-sets in both panels have been corrected with
the bias, such sub-sampling would introduce to the model median value.

aerosol absorption (aab) are compared among models and
to measurements from ground-based networks and satellites.
Also model differences for aerosol component mass extinc-
tion efficiencies (mee) are explored, because this mass to aot
conversion factor summarizes model assumptions for aerosol
size and water uptake. Simulated global annual averages are
addressed first to provide a general overview. Then more
insights are provided from regional differences. Finally, sea-
sonality issues are addressed.

3.1 Global annual averages

When validating aerosol module simulations on a global
scale, it has become customary to compare simulated an-
nual global aot values to those obtained from remote sens-
ing. Comparisons among model simulations for the (annual
and globally averaged) mid-visible aot (at 550 nm) are pre-
sented in Fig. 1. Figure 1 demonstrates, how model simu-
lations have changed from the work of Kinne et al. (2003)
to now. Figure 1 also includes data from remote sensing.
Since all remote sensing data are spatially incomplete adjust-
ments needed to be applied to make global averages compa-
rable. These adjustments involved the spatially and tempo-

rally complete median field frommodeling. A correction fac-
tor for each remote sensing data set was applied from the ra-
tio of the model median average over the model median sub-
set average, sub-sampled at data locations only. The upper
panel presents adjusted global annual averages from TOMS,
MISR, MODIS, AVHRR and POLDER retrievals (corre-
sponding global aot fields are presented later in Sect. 3). Ta-
ble 3 summarizes contributing time-periods, retrieval refer-
ences and known biases. Some of these biases were also dis-
cussed in recent papers (Myhre et al., 2005; Jeong and Zi,
2005). In the lower panel the number of remote sensing ref-
erences is reduced to two, though higher quality, selections:
A satellite composite, which combines the regional strength
of individual retrievals and an estimate based on statistics at
AERONET ground sites.
The lower panel of Fig. 1 indicates the two recommended

remote sensing based references for the global annual aot at
0.135 (Ae – AERONET) and at 0.151 (S* – satellite com-
posite). The composite value (S*) is based on monthly
3�⇥3� longitude/latitude monthly averages, where prefer-
ence is given to year 2000 data. Over land preference is given
to MISR over TOMS, except in the central tropics, where
MODIS is preferred over MISR. Over oceans MODIS is

Atmos. Chem. Phys., 6, 1815–1834, 2006 www.atmos-chem-phys.net/6/1815/2006/

Fine for global 
annual mean
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modules of the AeroCom exercise is summarized by total diversity (TD) and in brackets by 

central diversity (CD): both TD and CD are defined by the ratio between the largest and 

smallest average. Thus, a value of one corresponds to perfect agreement and any amount larger 

than one is the adopted measure of diversity. TD refers to all models, whereas CD refers only 

to the central 2/3 of all models - as extremes in modeling for CD are excluded. 

 

 

 

 

 

 

 

 

Figure 3. Individual contributions of the five aerosol components (SS-seasalt, DU-dust, POM-
particulate organic matter, BC-black carbon, SU-sulfate) to the annual global aerosol optical 
thickness (at 550nm). For comparison, two ‘quality’ aot data references from remote sensing 
are provided: ground data from AERONET and a satellite-composite based on MODIS (ocean) 
and MISR (land) data. (No apportioning is possible for ‘EH’, due to inter-component mixing).     

 

 

For aot, the CD of individual components contributions is between 2.0 and 2.7. This is three to 

six times larger than for the component combined total of 1.3 (which was illustrated by model 

comparison for 2005 in Figure 1). The largest component CDs for aot are associated with black 

carbon, dust and sea-salt. CDs for aot-to-mass conversions (mass-extinction-efficiency) 

indicate (see Table 4) that for sea-salt and dust differences in aerosol size are a major reason 

for their aot diversity. Aerosol size is not only influenced by assumptions to primary emissions 

but also by the permitted water uptake, which is controlled by assumptions to component 

humidification and local ambient humidity. Table 4 indicates that on a global annual basis the 

simulated aerosol water mass shows strong diversity and aerosol water mass is (at least) 

comparable to the aerosol dry mass of all sub-components combined. Thus, for the hydrophilic 
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Fig. 3. Simulated contributions of the five aerosol components (SS-seasalt, DU-dust, POM-particulate organic matter, BC-black carbon,
SU-sulfate) to the annual global aerosol optical thickness (at 550 nm) by individual models in global modeling. For comparison, the two
quality data references by AERONET (Ae) and by a satellite composite (S*) of the lower panel in Fig. 1 are repeated. (Note: No accurate
apportioning is possible for the “EH”-model, due to inter-component mixing). For comparison, two “quality” aot data references from
remote sensing are provided: ground data from AERONET and a satellite-composite based on MODIS (ocean) and MISR (land) data. (No
apportioning is possible for “EH”, due to inter-component mixing).

Table 4. Comparison of annual global averages for aerosol optical depth (AOT), aerosol dry mass (M) and its ratio (ME) for 20 aerosol
component modules in global modeling.

LO1 LS1 UL1 SP1 CT1 MI1 EH1 NF1 OT1 OG1 IM1 GM1 GO1 GI1 TM1 EM1 GR1 NM1 NC1 EL1 Med2 MaxMin3

M,mg/m2
–SU4 4.2 5.3 1.8 2.1 3.3 3.9 4.6 3.3 3.7 2.8 4.3 5.2 3.8 2.8 1.8 5.1 2.7 4.3 4.7 3.0 3.9 2.9(1.6)
–BC4 .35 .43 1.0 .73 .48 .37 .22 .37 .38 .36 .40 .50 .53 .44 .09 .29 .58 .45 .45 .35 .39 11(1.4)
–POM4 3.5 3.2 4.1 4.5 5.0 4.0 1.9 3.3 4.0 2.0 3.3 3.1 3.4 2.9 0.9 2.6 2.3 2.8 1.4 3.7 3.3 5.6(1.5)
–DU4 26.9 40.1 57.2 34.0 8.8 43.4 16.2 34.0 43.0 46.6 38.1 41.3 57.8 56.6 26.1 18.4 36.2 30.4 34.6 17.7 39.1 6.6(1.8)
-SS4 8.9 24.7 12.8 14.4 18.5 10.8 20.4 8.1 18.0 8.9 7.0 6.8 25.8 12.3 4.8 15.8 15.0 25.9 27.5 3.0 12.6 5.4(2.3)
–total 44 74 77 56 36 62 43 49 69 60 53 57 92 75 34 42 57 64 64 28 56 2.7(1.7)

–water 48 115 55 35 147 255 54 47 36 54 7.1(3.1)
–f5MASS .18 .12 .09 .13 .24 .13 .16 .14 .12 .09 .15 .15 .08 .08 .08 .19 .10 .12 .10 .25 .13 2.9(1.7)
r6POM/BC 10 7.4 4.1 6.2 10.4 10.8 8.6 8.9 10.5 5.5 8.3 6.2 6.4 6.5 10 9.0 4.0 6.2 3.1 10.6 8.4 3.2(1.6)

AOT550 nm
–SU4 .042 .041 .051 .034 .015 .027 7 .051 .041 .020 .034 .049 .032 .027 .024 .023 .041 .047 .032 .034 3.4(2.0)
–BC4 .0033 .0036 .0088 .0058 .0030 .0050 7 .0034 .0020 .0021 .0037 .0056 .0053 .0039 .0017 .0054 .0100 .0031 .0027 .004 5.2(2.7)
–POM4 .021 .018 .018 .030 .018 .021 7 .019 .024 .009 .026 .021 .011 .015 .006 .018 .036 .014 .013 .019 5.0(2.1)
–DU4 .034 .031 .040 .024 .013 .053 7 .033 .026 .053 .021 .021 .035 .054 .012 .037 .027 .035 .009 .032 4.5(2.5)
–SS4 .027 .034 .030 .021 .048 .030 7 .021 .054 .067 .031 .020 .025 .035 .021 .048 .028 .028 .003 .030 3.3(2.3)
–total .127 .128 .149 .115 .097 .136 .138 .127 .148 .151 .116 .117 .108 .134 .065 .131 .142 .127 .060 .127 2.3(1.3)

–abs .0037 .0062 .0020 .0059 .0044 .0064 .0028 .0061 .0067 .005 3.2(2.2)
f5T .45 .48 .52 .42 .37 .30 7 .51 .44 .27 .45 .57 .45 .33 .49 .35 .61 .50 .80 .50 3.1(1.6)
Angstrom 0.70 0.68 0.71 0.63 0.97 0.86 0.13 0.48 1.01 .70 7.4(1.8)

ME,m2/g
SU4 10.2 7.8 28.3 18.0 4.2 6.3 7 17.8 11.1 7.2 7.8 8.5 8.4 9.5 13.3 8.9 9.2 14.5 13.0 8.5 6.7(2.5)
BC4 9.4 8.2 8.8 8.0 6.5 13.1 7 9.2 5.3 5.7 9.3 10.4 10.0 8.9 18.9 9.3 15.9 9.1 7.6 8.9 3.5(1.6)
POM4 6.4 5.7 4.4 9.1 3.7 5.0 7 4.6 6.0 4.4 8.0 6.3 3.2 5.1 6.7 8.2 11.4 3.9 5.3 5.7 2.8(1.5)
DU4 1.38 .88 .70 1.04 2.05 1.62 7 1.07 .60 1.14 .68 .66 .60 .95 0.46 1.24 .98 .99 .52 .95 15.(2.3)
SS4 3.10 1.46 2.34 1.51 3.13 3.38 7 1.78 3.05 7.53 4.33 2.37 .97 2.84 4.3 3.44 .90 .88 1.69 3.0 7.7(2.9)

1 model abbreviations: LO=LOA (Lille, Fra), LS=LSCE (Paris, Fra),UL=ULAQ (L’Aquila, Ita), SP=SPRINTARS (Kyushu, Jap),CT=ARQM (Toronto, Can),MI=MIRAGE (Rich-
land, USA), EH=ECHAM5 (MPI-Hamburg, Ger), NF=CCM-Match (NCAR-Boulder, USA), OT=Oslo-CTM (Oslo, Nor), OG=OLSO-GCM (Oslo, Nor) [prescribed background
for DU and SS], IM=IMPACT (Michigan, USA), GM=GFDL-Mozart (Princeton, NJ, USA), GO=GOCART (NASA-GSFC, Washington DC, USA), GI=GISS (NASA-GISS, New
York, USA), TM=TM5 (Utrecht, Net), EM=ECHAM4 (DLR, Oberpfaffenhofen, Ger) [Exp B-data], GR=GRANTOUR (Michigan, USA), NM=CCM-Mozart (NCAR-Boulder,
USA), NC=CCM-CAM (NCAR-Boulder, USA), EL=ECHAM4 (Dalhousie, Can) [bold letters indicate models participation in the AeroCom exercise]
2 most likely value in modeling: global annual average of the median-ranked model [only the 15 AeroCom models with AOT calculations are considered]
3 model diversity measures: ratio of global annual maximum and minimum among (AeroCom) models (in brackets: the ratio without the two largest and smallest model averages)
4 aerosol component abbreviations: SU=sulfate, BC=black carbon, POM= particulate organic matter (1.4* OC), OC=organic carbon, DU=mineral dust, SS=sea-salt.
5 fine-mode fraction of the total for aerosol dry mass (M) and aerosol optical depth (AOT), where the fine-mode here is approximated by contributions of only SU, BC and POM
6 dry mass ratio between particulate organic matter (POM [( 1.4*OC]) and black carbon (BC)
7 component values for aerosol optical thickness (AOT) and mass extinction efficiency (ME) for the EH-model cannot be accurately due to internal mixing of components

Atmos. Chem. Phys., 6, 1815–1834, 2006 www.atmos-chem-phys.net/6/1815/2006/

Poor agreement on 
component basis

Models Remote
Sensing                                                                                                                      

AeroCom Remote Sensing

Climate	Processes	Group
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Spatio-temporal	sampling	differences	between	model	and	observations	cause	‘errors’.	
These	errors	are	similar	in	magnitude	 to	measurement	errors	&	model	errors	

Temporal	sampling Spatial	sampling

Observations	occur	intermittently:
Need	to	resample	model	 to	observations

AeroCom Remote Sensing

Climate	Processes	Group
Nick Schutgens – see poster
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AeroCom Remote Sensing

Time-series	AERONET	SSATaylor	plots	AOT

MODIS	AOT AERONET	AE MAN	AOT

AeroCom model	evaluation	against	a	large	suite	of	 remote	sensing	observations

Climate	Processes	Group
Nick Schutgens, Stefan Kinne

Regional	AOT
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AeroCom Remote Sensing
Experiment	proposal
• Either	a	separate	experiment	(2006-2008)	or	additional	output	for	

baseline	experiment	(nudged,	best	inventories)
• Deals	explicitly	with	difference	in	spatio-temporal	sampling	of	

models	and	observations

Observational	datasets:
• AERONET	+MAN	AOT,	AE	&	SSA
• MODIS	AOT	&	AE
• AATSR-ORAC	AOT	
• MODIS/OMI/CALIOP	AOT	&	SSA
• OMI-OMAERUV	AOT	&	SSA
• POLDER	GRASP	AOT,	AE,	SSA
• ?

Requested	model	data	(3-hourly):
• AOT,	AE,	SSA	(2D)
• RH	(2D,	AOT-weighted)

Climate	Processes	Group
Nick Schutgens, Stefan Kinne
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Climate	Processes	Group

AeroCom CCN
Global Aerosol Synthesis and Science Project (Leeds, 
Oxford, Manchester) synthesizes in-situ aerosol aircraft data

Reddington et al. (in prep)   www.cistools.net www.gassp.org.uk



©	NASA

Climate	Processes	Group

AeroCom CCN
Supersaturations used in CCN measurements:

www.cistools.net    www.gassp.org.uk
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Climate	Processes	Group

AeroCom CCN
GASSP evaluation of AeroCom models:
• GASSP database maturing and paper in preparation 

(Reddington et al.)
• Currently investigating minimal output requirements 

(single year vs. hindcast, output frequency)
• Use Community Intercomparison Suite to co-locate models to 

aircraft data (but many AeroCom models not CF conform)
• Request 3D CCN diagnostics at 0.15%, 0.3%, 0.4%, 0.5%, 

1% plus ideally at 0.2%, 0.6%, 0.7%
• Propose to make CCN diagnostic standard in AeroCom

www.cistools.net    www.gassp.org.uk
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Processes affecting the aerosol vertical distribution:

AeroCom Convection

Climate	Processes	Group
Kipling et al., ACPD, (2015)

AeroCom models HadGEM process sensitivities

Convective transport key to aerosol vertical distribution
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Convection is also a key aerosol removal mechanism:

AeroCom Convection

Climate	Processes	Group
Kipling et al., ACP, (2013)
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MODIS retrieved relationship between cloud top pressure (ptop) and AOD (𝜏) 
Evidence for aerosol effects on convection?

Climate	Processes	Group
• (Gryspeerdt et al., GRL, 2014 )

Geophysical Research Letters 10.1002/2014GL059524

Figure 1. (a) Sensitivity of cloud fraction to ln(!) (dfc/dln(!)), (b) sensitivity of ln(ptop) to ln(!), and (c) sensitivity of
ln(ptop) to fc . (d) The reconstructed ln(ptop)-ln(!) sensitivity generated assuming the relationship is mediated by fc . The
highlighted region in Figure 1d is studied further in Figure 2.

The influence of the !-fc correlation on the !-ptop correlation has been previously noted by Myhre et al.
[2007], but they did not demonstrate the extent to which the !-fc correlation could be influencing the !-ptop

relationship. Here we show how this strong !-fc relationship may explain the majority of the !-ptop relation-
ship across the globe. This underscores the importance of accounting for fc when considering relationships
between aerosol and cloud properties.

2. Method

We make use of 9 years (2003–2011) of Moderate Resolution Imaging Spectroradiometer (MODIS) Terra
cloud [Platnick et al., 2003] and aerosol [Remer et al., 2005] daily level three data at 1◦ by 1◦ resolution for the
region 50◦N-50◦S. We use the cloud top properties (MOD06_L2) cloud fraction retrieval as our cloud frac-
tion product from the level 3 (MOD08_D3) data set, although these results are applicable when using other
cloud fraction products. There is evidence of heavy aerosol being misclassified as cloud by the MODIS cloud
retrieval [Brennan et al., 2005; Hubanks et al., 2008]. Restricting the maximum ! to 0.6 partially accounts for
the influence of aerosols on the fc retrieval, although not for cloud contamination of the aerosol retrieval.
The aerosol retrieval used is the standard dark-target MODIS ! retrieval, “Optical Depth Land and Ocean
Mean.” As MODIS cannot make colocated observations of aerosol and cloud properties, we assume the level
3 ! is representative of the entire gridbox. Gridboxes with no ! retrieval are excluded from this analysis.

To investigate the strength of the relationships between ln(!), fc, and ln(ptop), we define the sensitivity as the
slope of a linear regression between two quantities. To avoid errors from seasonal effects or climatological
spatial gradients [Grandey and Stier, 2010], we calculate sensitivities locally, at 1◦ by 1◦ scale and separately
for each season, combining the seasonal sensitivities using a standard-error weighted mean.

3. Results

Similar to previous studies, we find strong sensitivities of both fc (Figure 1a) and ptop (Figure 1b) to ! over
the majority of the globe. We also find a strong sensitivity of ptop to fc (Figure 1c), especially in convective
regions. This is likely due to deep convective systems having both a high fc and low ptop; high clouds with
a low fc are much rarer in the MODIS L3 data than high clouds with a high fc, whereas low fc situations are
much more common for clouds with low cloud tops. Although retrieval errors could generate a negative
correlation between fc and ptop for low clouds [Zuidema et al., 2009], the existence of a strong sensitivity
of cloud top height to ! when using radar/lidar [Niu and Li, 2012] suggests that ptop retrieval errors are not
the primary cause of the fc-ptop sensitivity observed here. While the changes in ptop may not be a result of
changes in fc, we can make use of this statistical relationship between the cloud properties.

GRYSPEERDT ET AL. ©2014. American Geophysical Union. All Rights Reserved. 2
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AeroCom Convection
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Climate	Processes	Group

AeroCom Convection
Strong potential interactions between aerosols and convection: 

• So far very limited analysis in AeroCom

Proposals:

• Addition of convective mass fluxes (air + tracers) to 
AeroCom diagnostics (will benefit many experiments)

• Explore intercomparison of aerosol effects on convection 
with interested global modelling groups
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Convective removal affected by sampling issues

Climate	Processes	Group
Gryspeerdt et al., ACP, (2015)

Gryspeerdt et al.: Wet scavenging and aerosol–cloud interactions 7

Fig. 5. A composite of storms from a three week WRF-Chem simulation in March 2007 over the Congo Basin. The storm composite is
moving from left to right on the above plots. a) A horizontal plot, with the orange filled contours showing the integrated aerosol optical depth
and the hatched regions showing cloud covered regions in 80 and 90% of the storms making up the composite. The solid lines are the 2 and
5 mm hr�1 rainrate contours. b) A vertical cross section through the centre of the composite storm. The orange contours show the aerosol
optical depth and the arrows indicate the wind direction relative to motion of the storm centroid. The vertical wind has been enhanced by a
factor of five to compensate for the different vertical and horizontal scales. The solid contours show the 0.2 and 0.8 g kg�1 levels of rainwater
content and the dashed contour is the �20 dbZ radar reflectivity contour.

location at the front of the storm, drawing in air from regions
that have not previously experienced precipitation.

3.2 Observations470

We find strong similarities in the precipitation development
of the regimes when using MACC AOD and MODIS AOD
(Fig. 6). When regimes and CF variations are not considered,
both MODIS (Fig. 6a) and MACC (Fig. 6b) AOD show a
strong link between precipitation and AOD over ocean, be-475

fore, at and after T+0. This relationship is also seen over land,
although to a lesser extent (Fig. 6g,h), with increased precip-
itation from the high AOD population (red line) compared
to the low AOD population. This matches the effect seen in
Fig. 1, where increased AOD is correlated to an increase in480

retrieved precipitation.
The diurnal cycle of precipitation is very similar between

the plots using MODIS AOD and using MACC AOD, as the

same precipitation dataset is used for both sets of plots. The
absolute magnitude of the precipitation is larger when us-485

ing MACC AOD, as MACC allows the sampling of overcast
regions with a higher precipitation rate that MODIS cannot
sample.

In the shallow cumulus regime (a low CF regime), the
“all-sky” AOD is dominated by the “clear-sky” AOD. When490

using MODIS AOD (Fig. 6c,i), we see a higher precipita-
tion rate for the low AOD population compared to the high
AOD population at times before T+0, previously interpreted
as wet scavenging (Gryspeerdt et al., 2014b). We also see
an increase in the precipitation rate for the high AOD pop-495

ulation compared to the low AOD population at times after
T+0, over both land and ocean. This may indicate an aerosol
invigoration of convective clouds (Gryspeerdt et al., 2014b).

When comparing the precipitation development plots us-
ing MACC AOD (Fig. 6d,j) to those using MODIS AOD, the500

shallow cumulus regime shows similar features. The increase

WRF Chem simulated composite of convective clouds in 
the Congo basin. 

-20	dbZ

0.8	g	kg-1	
rainwater

AeroCom Convection
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Open source python toolbox to efficiently intercompare data
- Generic tool for analysing, visualising and colocating datasets 
- Handling of complex gridded and ungridded data in many formats
- Simple command line syntax with many options
- Flexible approach through plug-ins, e.g. for new data sources
- Open source software & deployed for community use on JASMIN

Read
Plug-ins	 for	
gridded	 and	

ungridded data

Analyse
Colocation,	
Aggregation,	

Statistics,	Algebra	

Output
Plots,	 statistics,	
data	in	netcdf

CEDA Database Web interface

Climate	Processes	Group
https://www2.physics.ox.ac.uk/research/climate-processes/projects/cis
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Climate	Processes	Group

Colocation Colocation method:
1. Specify searchbox

• Horizontal distance
• Vertical distance
• Time separation

2. Specify operation
• Nearest neighbour (time)
• Nearest neighbour (space)
• Average
• User plug-in

CIS	col	<native	file>		<native	variable>:<native	file>:<colocation	method>	 	-o	<file>	

This	file	provides	 the	new	
spatio-temporal	sampling

This	file	provides	 the	data	
that	will	be	resampled

Nearest	neighbour or	
linear	interpolation

Output
(netcdf)

Soon: www.cistools.net
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GASSP aircraft data

cis plot ALT:*.nc --nasabluemarble

www.cistools.net

MODIS AOD CloudSat

GASSP aircraft

SEVIRI
CALIOP

Plug-in interface for new data


