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Can we make predictions about future 
source-receptor relationships with any 

certainty?

ÅFuture considerations

ÅBack to the Future



LOCAL OZONE CONCENTRATION

BIOMASS BURNING
burning with climate
ÅEuropean heat wave
ÅAlaska fires

INTERCONTINENTAL TRANSPORT
Transport with climate
Emissions
Change in ozone lifetime and other 

changes in the chemical environment

STRATOSPHERE-TROPOSPHERE EXCHANGE
Change with climate

LIGHTNING NOx
Change with climate

LOCAL OZONE PRODUCTION
NOy partitioning with climate
Biogenic emissions with climate
Local emissions

The impact of any future changes in intercontinental transport should be considered in 
the light of other changes many of which are highly uncertain.



Robust Changes in Transport*.
(But what are the implications?)

- Magnitude of change highly dependent on GHG emission scenario

-Response to any particular GHG emission scenario uncertain 
1. Increasing strength of AO/NAO

- Increase in North America -> Europe

- Increase in Europe -> Arctic/ North America

2. Weakening of synoptic eddies over the mid-latitudes during summer

- Decrease in long-range transport

- Increase in near-source concentrations.

- Effect on ozone extremes?

- Length versus Strength of Stagnation Events

3. Decrease in tropical mass flux

- Effect on upper tropical troposphere and BL concentrations

- Effect on N.H. Background Concentrations?

4. Decrease in stratospheric age of air

- Increased STE of ozone?

* Hess, HTAP Switzerland; Doherty and Hess, HTAP, England



What can we learn from present day 
model intercomparisons?

AC&C activity #1: examine model variability over the last 20 years.

Use the natural variability of the climate system on the annual and 
longer timescales to derive the relationships between the global means 
of the key variables and to compare these with estimates from 
observations (A. Slingoet al., J. of Climate)

The current relationships may tell us about how chemical variables change with a 
change in climate

They allow a comparison with observations (e.g., the NAO)

The sources of error are reduced when analyzing the current climate.



Results of Two Experiments
Examining Chemical Interannual

Variability (1979-2000)
with Constant Emissions



1) GCM (CAM3)
Observed SSTS

Meteorology:
(1960-2000)

2) NCEP/NCAR 
Reanalysis

Chemistry Model

MOZART2
2.8o x 2.8o and 26 levels
~100 chemical species

CH4 fixed at lower boundary
Stratospheric concentrations specified for O3

No interannualvariations in emissions

Analysis
(1979-2000) 

Interannual Variation
In Concentrations

Interannual Variation
In Concentrations

Experiment: 1 and 2

Use large scale variations- e.g., as climate models use the large-scale  temperature record

*Hess et al, In preparation



PBLH

NCEP

CAM

Analysis only after 1979 due to large changes in the 
observing system with the advent of

satellite observations. 



NCEP CAM

Variability of Water Vapor
-Key To Understanding The TroposphericInterannual
Variability of Many Species
-NOT Key to Understanding the Variability of Ozone

Global Q (g/kg), CAM Tropical Q (g/kg), CAM



Principal Component Analysis of TroposphericTimeseries

SCAM SNCEP

1st EOF 2nd EOF 1st EOF 2nd EOF

sfcO3 0.58 0.33 -0.64 -0.69

Sfc JNO2 0.85 0.2 0.43 -0.67

sfcT -0.89 -0.21 -0.51 0.53

PBLH -0.33 -0.74 -0.55 -0.05

PRECT -0.97 0.04 -0.17 -0.8

LNO -0.74 0.56 -0.79 -0.51

Q -0.97 -0.15 -0.68 0.36

O3 0.23 0.89 -0.74 -0.6

CO 0.8 -0.5 0.87 -0.22

HNO3 -0.54 -0.02 -0.41 0.74

OH -0.94 0.31 -0.94 0.16

elnino cor -0.08 -0.67 0.13 0.01

nao corr -0.37 0.32 0.11 0.21

year corr -0.58 -0.07 -0.33 -0.67

% 57.0 20.15 42.2 29.5

Correlation coefficient of the time series from the PCA analysis including all 
variables with the globally and annually averaged time series of each variable. 



Water Vapor Change with T is a Robust 

Held and Soden, 2006

21st Century 21st Century

20th Century 20th Century

C-C relationship 7%/K
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Can we make robust predictions? 

Some naïve analytical results:



-Do these predictions hold?
-Are deviations from these robust across models?
-Does the same scaling hold for future simulations?

-2.5 +/- 0.9 %/K6.2 +/- 1.3 % /K

OH, CAM CO, CAM



CAM

1979-

2000

NCEP 

1979-

2000

CLIMATE

SIMULATION

CAM 2090 ïCAM 1990

J6 -1.2 +/- .25 -1.1 +/- .6 NS

sfcO3 -2.1 +/- .65 NS -2.3 +/- .2

PRECT 4.2 +/- .54 NS 2.5 +/- .2

LNO 12 +/-4.1 NS
9.6 +/- 2.5

Q 9.0 +/- 1.1 7.0 +/- 1.2
7.3 +/- 0.3

O3 -1.2 +/- .78 NS
-1.1 +/- 0.3

CO -2.5 +/- .9 -1.8 +/- .8 -1.3 +/- .4

HNO3 3.7 +/- 1.8 3.9 +/- 2.1 1.7 +/- .6

OH 6.2 +/1.3 6.3 +/- 1.8
3.9 +/- 0.4

PBLH 1.3 +/-.59 NS -.7 +/- 0.1

% CHANGE of VARIABLES with TEMPERATURE



O3, CAM O3, NCEP

-1.2 +/- 0.78 % /K NS

But, O3 shows a very weak relationship!



TroposphericOzone (NCEP)

1988 1992 1996 2000 2004



Global TroposphericO3 (NCEP)

TroposphericPortion Stratospheric Portion



Conclusions

ÅUnknown, but potentially significant errors in model 
processes

ÅVariability in Present Day Climate 

ïAre simulated changes robust across models?

ïTo what extent are they useful indicators of future 
change?

ÅTemperature (Q) does not explain much of the 
ozone variability Ą changes in STE are important

ÅNeed to look at future ICT in light of future changes 
in STE and other processes.



RELATIVE MODEL ERRORS: TRANSPORT

[MODELED MINUS MEAN]/MEAN CO DISTRIBUTION (%)
FOR VARIOUS MODELS 

(emissions, OH and CO sources identical)

MOZART w/ NCEP 

MOZART w/ ECMWF 

GEOS-chemw/ GMAO/GEOS-3

Arellano and Hess, GRL, 2006



EMISSIONS UNCERTAINTY

Standard deviation and relative standard deviation of a 20 member ensemble of emissions

-Emission variation is taken from a normal distribution N(0,C)
ÁCovariance matrix (C) defined by:

Á Interannual variability in emissions
Á Subgridvariability in emissions
Á Emissions uncertainty as deduced from Geos-Chem, MZ4 NCEP and MZ4   ECMWF inverse 
modeling simulations 

Emission Estimates from Inverse Modeling

Arellano and Hess, GRL, 2006


