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Role of Atmospheric Composition in 
Climate Change

Greenhouse gases and particles that drive climate change.
Stratospheric ozone depletion (ozone, source gases, active 
halogens, reservoir species, particles-PSCs).
Atmospheric cleansing capacity (hydroxol  not usually thought 
of in a climate context but influences greenhouse gases such as 
methane).
Air quality (air pollution produces ozone and particles that are
important climate constituents).

In all of these roles there are important sources and sinks for 
these constituents as well as active atmospheric chemistry that 
have very important vertical structure.
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2   THE GRAND CHALLENGES IN
ATMOSPHERIC CHEMISTRY

system for climate-chemistry interaction requires
sustained and long-term measurement of the distribution
and sources and sinks of greenhouse gases (H2O,CO2,CH4,
O3, N2O) and related gases (CO, NOx, NMHC), aerosols
(optical properties and size parameter) and
meteorological variables such as winds, temperatures

and clouds with appropriate vertical resolution, temporal
resolution and global representativeness.

b) Chemistry climate models should be further developed
and validated by comparison with these 4-D datasets for
atmospheric composition, meteorology and climate.
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Figure 2.8. Interactions between climate, atmospheric composition, chemical and physical processes and human
activities (after Isaksen, 2003).
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Water Vapor Profile Over Lauder, NZ on 
November 11, 2004

0

5

10

15

20

25

30

35

-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10

Temp (C)

A
lti

tu
de

 (k
m

)

Amb Temp Asc

Frost-Point Temp Asc

Frost-Point Temp Desc

0

5

10

15

20

25

30

35

0 1 2 3 4 5 6 7 8 9 10

Water Vapor Mixing Ratio (ppmv)

A
lti

tu
de

 (k
m

)  Ascent

Descent



Composition Requirements

• Report of “The Integrated Global Atmospheric 
Chemistry Observations (IGACO) Theme” of 
the Integrated Observing Strategy.
– Can serve as basis for developing requirements for 

measurement of atmospheric constituents.
– Provides examples of existing and planned 

observing systems including profile measurements 
(ground-based, aircraft, satellite).
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Table 4.1.  Key atmospheric chemical species and the relevant environmental issues. The table gives a list of the
atmospheric constituents to be targeted in IGACO. Tick marks indicate their importance to the four atmospheric
challenges. Also included are aerosol optical properties – a broad categorisation which encompasses the scattering and
absorption of solar radiation by particles of all sizes.

Chemical Species

Oxidation
Efficiency

Climate
Stratospheric

Ozone
Depletion

O3

CO

–

–

✓

j(NO2) ✓

j(O1D)

H2O (water vapour)

HCHO

VOCs

Active nitrogen: NOx = NO+NO2

Reservoir species: HNO3

N2O

SO2

Active halogens: BrO, ClO, OClO
Reservoir species: HCl, ClONO2

Sources: CH3Br, CFC-12, HCFC-22,
halons

Aerosol optical properties

CO2

CH4

Critical Ancillary Parameters

Temperature

Pressure

Wind speed (u, v, w)

Cloud-top height

Cloud coverage

Albedo

Lightning flash frequency

Fires

Solar radiation

Air Quality

✓ ✓ ✓

✓ ✓ –

✓ –

✓ ✓

✓

– –

✓ ✓ ✓

✓ ✓ – –

✓ ✓ – –

✓
✓

✓
✓

–
–

✓
✓

– – ✓ ✓

✓ – ✓ –

–
–
–

–
–
–

–
–
–

✓
✓
✓

✓ – ✓ ✓

– – ✓ –

– ✓ ✓ ✓

✓

✓

✓ ✓ ✓

✓ ✓ ✓ ✓

✓ ✓ ✓

✓ ✓ ✓ ✓

✓ ✓ ✓ ✓

✓ ✓ ✓ ✓

✓ ✓ ✓ ✓

✓ ✓ ✓ –

✓ ✓ ✓ ✓



4   ATMOSPHERIC CHEMICAL
OBSERVATIONS FOR TARGETED
PARAMETERS
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ATMOSPHERIC SPECIES IN GROUP 1 TO BE MEASURED BY AN INTEGRATED GLOBAL OBSERVING SYSTEM

Requirement Unit H2O CH4 CO2 CO BrO ClO HCI CFC-12
Atmospheric
Region

1.

Lower
troposphere

∆x km 5/25 10/50 10/500 10/250 50

∆z km 0.1/1 2/3 0.5/2 0.5/2 2

∆t 1hr 2hr 2hr 2hr 1hr 10d

10precision % 1/10

trueness

delay

%

km

∆t

2.

Upper
troposphere

∆x

∆z

precision

trueness

(1)/(2) (1)/(2) (1)/(2) (1)/(2) (2)

1/5 0.2/1 1/20 2*

delay

∆x

∆t

precision

trueness

delay

3.

Lower
stratosphere

2/15 4*2/10 1/2 2/25 15

∆z

∆x

∆t

precision

trueness

delay

∆x

4.

Upper
stratosphere,
mesosphere

5.

Total column

∆z

∆t

precision

trueness

delay

6.

Tropospheric
column

∆x

∆t

precision

trueness

delay

km

km

km

km

km

km

%

%

%

%

%

%

%

%

%

%

(1)/(2 (1)/(2) (1)/(2 (1)/(2)

(1)/(2 (1)/(2)

(1)/(2 (1)/(2)

(1)/(2) (1)/(2) (2)/(3) (1)/(2)

(1)/(2) (1)/(2) (1)/(2) (1)/(2)

(2) (2)

(2) (2)

(2)

(2)/(3) (2)/(3)

(2)/(3) (2)/(3)

1hr

1hr 2hr 2hr 2hr 1hr

2hr 2hr 2hr

1d 12hr 1d 1d

1d 1d 1d 1d 1d 1d 1d

1d 6-12hr 1d 1d 6hr 6hr 6-12hr

6-1212hr 12hr

0.5/2

0.5/3

0.5/3

NO2

0/250

1hr

10/30

15/40

(1)

1hr

6-12hr 10d

10d

10d1hr

12hr

((1)/(2)

(1)

(1)

(1)

20/100 50/250 50/500 10/250 30/250

2/4 1/2 1/4

2/20 1/10 0.5/2 1/20 10/30

2/20 2/20 1/2 2/25 15/40

km 50/250 250/500 50/250 30/250 100 100 50/250 1000

1/3 2/4 1/4 2/5 1/4 1 1 1/4

5/20

5/20

2/20 1/2 5/15 10/30 10 10 5/10 6

5/30 1/2 10/25 15/40 15 15 15 15

50/200

50/200

50/200

50/100

50/250

O3

<5/50

0.5/2

1hr

3/20

5/20

(1)/(2)

10/100

0.5/2

1hr

3/20

5/30

(1)/(2)

0.5/3

1d

3/15

5/20

(1)/(2)

50/200

0.5/3

1d

3/15

5/20

(1)/(2)

250/500 100/500 30/250 100 100 50/250

2/5 2/4 2/4 3/10 1/4 1 1 1/4

1d

5/20 2/4 1/2 10/20 10/30 10 10 5/10

5/20 5/30 1/2 10/25 15/40 20 20 15

10/50 10/250 50/500 10/250 30/250 100 100 30/250 1000

1d

0.5/2 1/5 1/5 0.5/1 1/10 1/10 10 10 4 4

1/3 2/5 2/10 1/2 2/20 2/20 15 15 6 10

(1)/(2)

(1)/(2)

(1)

10/200 10/50 10/50 10/500 10/250 10/250 25 1000

1hr

0.5/2 5/15 1/5 0.5/1 2/20 1/10 4

1/3 5/15 2/10 1/2 5/25 2/10 10

Tables 4.2a and 4.2b.  Observational requirements for gaseous atmospheric species and radiation levels. For each
altitude range, the target (best case) and threshold (minimum to be useful) values are given as target/threshold.
Otherwise the value is given as an overall objective. The requirements are given in terms of horizontal resolution (∆x, km),
vertical resolution (∆z, km), temporal resolution (∆t), precision (random error, %) and trueness (total error, %). Delay time
between observation and availability of the product: (1) HOURS for operational use in chemical weather forecast, air
quality and oxidation efficiency; (2) DAYS to WEEKS for global distributions, ozone depletion, trend analysis and
verification of international agreements; (3) MONTHS for climate research and modelling. * refers to surface
measurements. ** refers to in situ, or from irradiation measurements with radiative transport calculations under cloud-
free conditions. Group 1 and Group 2 attributes are defined in Section 5.3.

Table 4.2a.
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ATMOSPHERIC SPECIES IN GROUP 2 TO BE MEASURED BY AN INTEGRATED GLOBAL OBSERVING SYSTEM

Requirement Unit NO C2H6 CH3Br Halons ClONO2 HCHO SO2
UVA j(NO2)
UVB j(O1D)

Atmospheric 
Region

1.

Lower
troposphere

∆x km 10/250 50 500* 1 1

∆z km 0.5/3 ? 2-5 2-5 2-5

∆t 1hr 1hr 10d 10d 1hr 1hr 1hr

precision % 10/30

trueness

delay

%

km

∆t

2.

Upper
troposphere

∆x

∆z

precision

trueness

(1) (1) (1)

10 4* 15* 7/10*

delay

∆x

∆t

precision

trueness

delay

3.

Lower
stratosphere

15/40 15*15 8* 20*

∆z

∆x

∆t

precision

trueness

delay

∆x

4.

Upper
stratosphere,
mesosphere

5.

Total column

∆z

∆t

precision

trueness

delay

6.

Tropospheric
column

∆x

∆t

precision

trueness

delay

km

km

km

km

km

km

%

%

%

%

%

%

%

%

%

%

(1)

(1)

(1)/(2

(1)

(1)

(1)

1hr

1hr 10d 10d

1hr

1d 1hr

1d 1d

12hr 3d 3d 6-12hr

1hr6-12hr

0.5/3

HCFC-22

10d

2*

4*

3d

10d

10d

30/250 50

2

10/30 10

15/40 15

km 500 500 1000 50/250

10

15

1/4 5 5 5 1/4

10/30

15/40

4 4 8 20

8 8 15 30

30/250

30/250

30/250

50/250

HNO3

10/250

1/3

1d

10/30

15/40

(1)/(2)

10/250

1/3

1d

10/30

15/40

(1)/(2)

1/4

12hr

10/30

15/40

(1)/(2)

50/250

1/4

1d

10/30

15/40

(2)/(3)

50/250

1/4 2/6

10/30 20

15/40 30

30/250 50 1000 30/250 50

1d

1/10 1/10 1 5 20 1

2/20 2/20 2 15 30 2

(2)/(3)

(1)/(2)

10/250 10/250 1000 1000 1000

1d

1/10 1/10 4 4 6

2/20 2/20 8 8 15

(1)

(2)

0.5

10 5

15 10

10 10 50/500

0.5 3**

1hr 1hr

10 5

15 10

Table 4.2b



Observational Requirement
Obs 
Req 
Pri

User T/
O Geo Cover Horz Res Msmnt Range Msmnt  Accuracy

IUOS/Climate

Sampling 
Interval

Data 
Latency Long-Term StabilityMsmnt 

Precsn

MEASUREMENTS TEMPORAL

Vert Range Vert Res

SPATIAL

1 NOAA / 
COA T Global and 

Hemispheric Sfc na 10 km 170 -350 K 0.1 K 0.5 K 60 min 6 hr 0.04 K/Decade

O Land Sfc na 5 km tbs tbs tbs tbs tbs tbs

UA GCOS T Global Sfc na 100 km tbs 0.5 K tbs 12 hr 48 hr tbs

O Global Sfc na 25 km tbs 0.2 K tbs 3 hr 24 hr tbs

1 IUAOS T Global

O

1 NOAA / 
CF-LTM T Global 0.1   -  35 km 100 m 2500 km 0 - 10 ppm 5 % 5 % 1 wk 1 mon 5 %/Decade

0 tbs tbs tbs tbs tbs tbs tbs tbs tbs tbs

1 NOAA / 
CF-PS T CONUS and 

Global 0   - 15 km 100 m 100 m 0.001 - 10K ppb 20 % 20 % 0.2 sec 1 day 30 %/Decade

0 tbs tbs tbs tbs tbs tbs tbs tbs tbs tbs

UA GCOS T Global tbs tbs 8 km tbs tbs tbs 48 hr 720 hr tbs

O Global tbs tbs 1 km tbs tbs tbs 24 hr 240 hr tbs

Air Temperature: Surface

Ozone: Profiles

DRAFT IUAOS-Pri 1/C_2/7/2005_Page  2



Observational Requirement
Obs 
Req 
Pri

User T/
O Geo Cover Horz Res Msmnt Range Msmnt  Accuracy

IUOS/Climate

Sampling 
Interval

Data 
Latency Long-Term StabilityMsmnt 

Precsn

MEASUREMENTS TEMPORAL

Vert Range Vert Res

SPATIAL

1 IUAOS T Global

O

1 NOAA / 
COA T Global and 

Hemispheric Sfc -  Meso
 HS/M: 3

 LS/HT: 1
LT: 0.5

km
km
km

10 km 0 -  20 gm/Kg 5 % 10 % 60 min 6 hr 2.5
 [1]

%/Decade
%/Decade

O tbs tbs tbs tbs tbs 5 % tbs tbs tbs 0.026 %/Decade

UA GCOS T Global tbs
HS/M: 3

LS/HT: 1
LT: 2

km
km
km

500 km tbs 10 % tbs 6 hr 12 hr tbs

O Global tbs
HS/M: 2

LS/HT: 0.5
LT: 0.1

km
km
km

100 km tbs 5 % tbs 3 hr 3 hr tbs

? IUAOS T Global

O

1 NOAA / 
COA T Global and 

Hemispheric Sfc na 10 km 1 -  20 gm/Kg 5 % 10 % 60 min 6 hr 2.5
 [1]

%/Decade
%/Decade

O tbs Sfc na tbs tbs tbs tbs tbs tbs 0.026 %/Decade

UA GCOS T Global Sfc na 100 km tbs 2 % tbs 6 hr 72 hr tbs

O Global Sfc na 25 km tbs 1 % tbs 3 hr 24 hr tbs

Water Vapor: Surface 

Water Vapor: Profiles

DRAFT IUAOS-Pri 1/C_2/7/2005_Page  3



4   ATMOSPHERIC CHEMICAL
OBSERVATIONS FOR TARGETED
PARAMETERS
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Figure 4.2:  An Overview of satellite, ground-based and aircraft measurements for stratospheric O3.

Figure 4.1.  An overview of satellite, ground-based and aircraft meaasurements for tropospheric O3
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Figure 4.2:  An Overview of satellite, ground-based and aircraft measurements for stratospheric O3.

Figure 4.1.  An overview of satellite, ground-based and aircraft meaasurements for tropospheric O3
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Ozonesonde Stations in the WMO/GAW 
and SHADOZ Networks



SHADOZ, NASA AERONET, and regional networks such
as EMEP, EANET and CAPMoN in order to extend
coverage offered for these classes of compounds. The
activities since the start with O3 in 1957 have included
the establishment of the WMO member-supported
GAW measurement stations, the Central Calibration
Laboratories, the Quality Assurance/Science Activity
Centres, World Calibration Centres and the five World
Data Centre facilities, all under the guidance of
scientific advisory groups of internationally recognised
experts. However, despite the best efforts, global
observations often lack inter-calibration and data
harmonisation. Two examples of global ground-based
networks maintained through such partnerships are
shown in Fig. 3.1.

3.2  Airborne Instrumentation

Aircraft have been used for many years to probe the
free troposphere and lower stratosphere on a research
basis. The first attempt to utilise commercial aircraft for
regular atmospheric observations was the NASA
Global Atmospheric Sampling Programme (GASP) in
the 1970s. After GASP had been terminated in 1979, the
idea was reactivated in the 1990s. In the European
programme MOZAIC, automatic instruments for O3 and
H2O (plus CO and NO/NOy in 2001) were installed on
several commercial aircraft in 1994 and have, since
then, provided regular data for the upper
troposphere/lower stratosphere (UT/LS) with more
than 2000 flights and 4000 tropospheric profiles per
year.

Other projects with commercial aircraft include grab
sampling packages, flown biweekly, since 1993
between Australia and Japan to provide CO2, CH4 and
CO data at cruise altitude. The Swiss NOXAR project
provided the first regular NOx data with 500 flights
between 1995 and 1996. In CARIBIC, an air freight
container with in situ instruments for O3, CO, and
aerosol measurements and grab samples for VOCs,
CFCs, N2O and isotopic analysis was deployed during
83 flights between 1997 and 2002. Fig. 3.3  shows a map
of the routes covered by the different programmes.

Routine aircraft measurements are currently the most
efficient tool for obtaining representative information
on the UT/LS and vertical profiles in the troposphere
at high resolution and with uniform quality. However,
as most ongoing projects are funded under short-
term research contracts, they are in continuous
danger of being terminated. Continuation is secure

14IGOS Atmospheric Chemistry Theme Report 2004
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Figure 3.3.  Flight routes of MOZAIC (21000 flights 1994-2003, yellow), JAL (ca 1000 flights 1993-2003, purple), NOXAR (622
flights, blue), and CARIBIC (83 flights 1997-2001, green). [Picture courtesy of Andreas Volz-Thomas, Jülich]

Figure 3.2. The Jungfraujoch laboratory in the Swiss Alps
hosts a large number of research projects and contributes
to the long-term monitoring of atmospheric composition.



Lidar measurements within NDSC

• Measurements generally performed during the night (better 
SN ratio) and in clear sky conditions

• Accuracy, Temporal and Vertical resolution differ according 
to instrumental set up (Laser power, …)

• Long term lidar time series:
– Stratospheric ozone
– Tropospheric ozone (different instrumental set up)
– Temperature
– Aerosol Backscatter Ratio and Backscatter coefficient 

(at 532 nm or 355 nm)
• Water vapor lidar measurements (~ 2 - 15 km) considered 

for inclusion within NDSC



Lidar measurements within NDSC
Parameter Altitude  Accuracy Precision 

 
Vertical 
Resolution

Temporal 
Resolution 

Trop. Ozone < 10 km 5-20 % <10 % 0.2 km 2 hours 

  
Strat. Ozone < 20 km 5-20 % 

 
<5 % 
 

0.6 km 2 – 4 hours 

 20-40 km <5 % 
 

<5 % 
 

0.6-2 km 2 – 4 hours 

 > 40 km 5-20 % 
 

10-40 % 
 

2-8 km 2 – 4 hours 

Temperature 
 

10-20 km <2 K 0.1 K 0.3 km 2 – 4 hours 

 20-40 km  
 

1-2 K 0.2-2 K 0.3-1 km 2 – 4  hours 

 40-65 km 
 

 2-5 K 2-5 K 1-3 km 2 – 4 hours 

 >65 km 
 

5 – 10 K 5 – 10 K 3-8 km 2 – 4 hours 

Aerosols    
Backscatter Ratio 

8-40 km 5 % 5 % 0.3-1 km 2 hours 

 

  
 10-15 km 5 % 10 % 0.5 km 2 hours 



Conclusions
• An extensive suite of constituent measurements is required 

to meet the need for monitoring atmospheric composition 
to meet climate requirements.

• Vertical structure plays a key role in determining the 
climate impact of atmospheric trace constituents.

• Significant work has already been done in developing 
measurement requirements related to atmospheric 
composition.

• Adequate monitoring of atmospheric composition related 
to climate requires an integrated global observing strategy 
that includes satellite, aircraft, and ground-based systems 
using remote sensing and in situ techniques.

• Networks currently exist for measuring atmospheric 
composition that require expansion in both spatial and 
temporal density.
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