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Diagnostics vs prognostics

Diagnosis: determine properties of current state (of atmosphere) given 
observations now and in recent past.                                                        
Involve eqnsrelating variables at one instant in time.

Prognosis: forecast properties based on a diagnosis of the current state. 
Integrating eqnswith time derivatives.

There are endless ways of diagnosing the atmosphere (e.g., correlating 
temperature in Reading with surface pressure in Iceland).

But, the most useful diagnostics are those which relate to conceptual 
and theoretical models of the way in which atmosphere evolves. 

Even if a complex numerical model is required to produce an accurate 
forecast, powerful diagnostics enable us to anticipate what will 
happen next and to understand model failings. 



Talk Outline

Diagnostics are complicated by the non-local nature of the atmosphere

1. Long-range transport 
of nearly conserved 
properties by winds.

2. Balance between 
variables, mediated by 
fast wave propagation

action-at-a-distance.

3. Eddy-mean flow interaction

Depends on form of average used to 
define background.
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coherent structure such as a vortex.

Caveat: figures are drawn from 
material I know well and is not a 
comprehensive review.

Refer to proceedings paper for 
full references.



1. Transport diagnostics 

Winds are 3-D and time-varying, but dominated by larger scales

chaotic advection where trajectories of air masses are sensitive to 

initial conditions and separate exponentially on average.

Example:

Trajectories calculated 
forwards and backwards in 
time (for 5 days) from an 
aircraft flight track.

Note sampled air originates 
from a wide area and also 
spreads into a wide area.

Numerical integration of

Where winds from ECMWF 
analyses.
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Are trajectories predictable?

Can observe chemical and thermodynamic tracers with aircraft to 
establish air-mass identities.

BUT need to forecast air-mass trajectories in order to direct aircraft to 
intercept the same air several times over a long range.

Motivation for the  ITCT-Lagrangian 2K4 Experiment which took place 
within the framework of the ICARTT campaign in summer 2004:

üSample polluted air masses leaving the continental BL.

üFollow across Atlantic since no emissions after USA.

üDeduce chemical transformation en route.

üScale of problem requires several coordinated research aircraft.

JGR,ICARTT special issue

Fehsenfeld et al [2006] Ŧcampaign overview

Methven et al [2006] ŦLagrangian experiment



e.g., New York to Spain Ŧ4 flights linked by trajectories
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Trajectories from BAe146 flight track (blue) back and forwards for 3.5 days.

Best matches with trajectories from other flight tracks.
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Did the aircraft sample the same
air mass many times?

Two independent matching methods:

1. Trajectory models driven by met. analyses
2. Hydrocarbon fingerprints (bottled air samples)

Search for coincidentmatches:
two samples with matching HC fingerprint are also linked 
by matching trajectories.

Quality of matches assessed using independent 
observations of thermodynamic tracers



Lagrangian match quality evaluated with 
temperature and humidity observations

Coincident HC/FLEXPART matches

Hydrocarbon matches

Pairing random time points

Trajectory matches

Coincident matches 
strongly peaked 
(almost adiabatic)

New York -
Ireland.
Mixing and 
cooling in 
North 
Atlantic MBL.

Latent heat 
release 
(ascent).

Trajectory-only 
matches good in 
theta. Analysis 
close to obs.

Coincident HC/traj matches

Matching HCs 
alone does not 
make a Lagrangian 
match 
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NY-Spain-Azores photochemistry simulation
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USA 
day 0

Azores 
day 4

Spain
day 7

Azores 
day 10

Long-lived 

Short-lived 

(absent at night)

Less reactive but 
sensitive to deposition



Why are trajectory calculations so accurate?

trajectories

Chaotic advection  tracer ñcascadesò to small scales.

Occurs even though winds are dominated by large scales.



Can we use low resolution winds?



Can we use low resolution winds?

Tracer scale factor =
Smallest resolved scale in winds

Width of widest failed filaments

6  for mid-lat weather systems and stratosphere

Lagrangian models are accurate Methven and 
Hoskins (1999), JAS



Reverse domain filling trajectories

Finescale tracer structure 
can be diagnosed by 
calculating many back trajs 
from a dense 3-D grid and 
colouring each grid-point by 
value of tracer at origin.

e.g., Sutton et al[1994], JAS

Back trajectories from points 
A, S and E on section XY

Sampled using MRF 
aircraft in 2000. 
Methven et al [2003], JGR

Meteosat WV chan 
dry intrusion

X Y

S



Is finescale structure 
accurately represented?



Allowing for non-conservation

ţ RDF trajectory reconstructions assume tracer conservation.

ţ Strong gradients arise as air masses of different origins are brought 
together by strain flow (tracers are long-lived relative to Lagrangian 
decorrelation timescale ~1 day in mid-lats).

ţ As trajectory length in time increases, RDF structure becomes 
increasingly finescale until unrealistic.

ţ Relevant trajectory length is determined by non-conservative 
processes following air-masses.

Next level of sophistication is to use simple models along trajs.

Application for water vapour. 
(e.g., Sherwood [1996], J.Clim.; Pierrehumbert and Roca [1998], GRL)



Advection-condensation model (1)

qmin = min[ qsat ]     (occurs at t=-Űmin)

qtraj  = min[ q(-T), qmin ]

Back trajectories from 

coordinates of radiosonde.

T, q interpolated from analyses to 

trajectory coords.



RH
traj.

RH
analysis

100
hPa

RH
traj

RH
analysis

100
hPa

black areas

grey areas

Cau, Methven and Hoskins (2005), JGR, 110, d06110

Sonde observations of RH 
in TOGA COARE expt

Dry events simulated using trajectories



Advection-condensation model (2)

qtraj = qsat at last condensation, t=-Űlast

qtraj  = q(-T) if saturation does not occur

Model allowing for  re-

moistening implicit in 

analyses

Cau, Methven and Hoskins 
(2007), J.Climate



Time since last condensation

Time since min(qsat) 

along any traj

Time since last 

condensation event for 

dry air masses

min(qsat) equally likely to occur at any time along a traj.

Last condensation most likely 2-3 days before dry event.



Trajectory statistics

ţ Trajectory ensembles from a small volume rapidly diverge and 

can cross.

ţ Even trajectories from a point will form a tangle if collated 

over time. 

ţ Hard to visualise typical trajectory behaviour.

ţ One approach is to identify special events along trajectories 

(e.g., time of last condensation) and create number density 

distributions characterising location of events.

discarding information about complex path between the 

event and trajectory release point.



Preferred regions for condensation

Dry regions in subtropics

Number density of dry events 

(RH<20%) at all levels during 

Jan 1993.

Integrates to one over sphere.

Zero outside 40S-40N band.

Number density of last 

condensation events.

ñDensity of originò for dry air 

arriving in 40S-40N band.

Far from uniformly distributed 

and often in extratropics.


