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What will the doctor prescribe ?

(A look at weather modification)
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A simple medical story:

‣ patient with ailment of some sort

‣ examination and diagnosis

‣ prescription for treatment

‣ checkup to test progress

‣ cure
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A  more complex situation:

‣  diagnosis doesn’t point to a known cause
‣  more testing is necessary (some type of cancer)
‣  comparisons are made with other cases
‣  research hospitals/institutes get involved
‣  clinical trials may be conducted of promising treatments

Personal physician may recommend
 ‣  getting involved with clinical trial
 ‣  tries his own ideas for treatment
 ‣  wait for more definitive results

Patient may
 ‣  listen to his/her physician
 ‣  go to other physician
 ‣  try “folk remedy” 
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The ideal outcome:

Research and the clinical trials identify the cause of the illness
It is the valid explanation for a wide range of patients
One, or a range of different treatments are devised
Treatments result in cure for at least the large majority of cases

But, even so:
Not all patients respond positively, due to natural variations among
        individuals
Complications may arise in several cases due to multiple ailments
  occurring at the same time.
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agriculture
hydroelectric power
community water supply
transportation

draught or water shortage (increase in use)
hailstones
cloudiness
	 	 	
scientists, institutes, governments

folk remedies

a number of adaptable treatments

large natural variability and differing responses	

the analogy 

patient

ailment

doctors

folk remedies

outcome

caveat
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weather modification projects 

1) operational projects 

	 analog:  prescribe an approved medicine
	 goal:   immediate relief; maximize the desired outcome
	 method:  apply the best practice learned from previous, similar, attempts 
	 result:  not distinguishable from natural variations; has palliative effect
    
2) full-scale trials - FSTs (randomized experiments) 
	 analog:	 clinical trial
	 goal:  to establish a proven method for a restricted set of conditions
	 method:  randomized testing of treatment(s) 
	 result:  confidence limits in specific treatment(s)
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weather modification projects 

3) exploratory research; feasibility study (“prospecting”)
	 analog:  determine prevalence of ailment 
 goal:  search for “seedable clouds”
	 method:  look for conditions based on some hypothesis 

4) basic research:
	 analogs:  molecular biology, human genome, new drugs, new diagnostic tools

	 elements:  	 cloud physics
	 	 	 	 instrument development
	 	 	 	 models	
	 	 	 	 evaluation methods
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status of weather modification  
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status of weather modification - 1 

operational projects 

produce much practical experience, and advanced technologies

a few projects of very long duration show significant results

they employ available scientific information and their findings feed 
back to scientific research

transferability of the results to other areas or cloud types is very 
limited

future performance of projects may differ from the past 
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status of weather modification - 2 

full-scale trials - FSTs (clinical trials) 

yielded some positive results, but most are contested and lack full 
physical explanation

are very costly and require strong committment

best promise is believed to be the possibility to augment snowfall from 
wintertime orographic clouds

transferability of results depends on narrowness of criteria 
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status of weather modification - 3 

exploratory projects: 

large investment, but can avoid more costly errors

WMO - PEP in 1979-81 was the most detailed such effort

results are interpreted in light of social/political concerns and the cost 
to benefit comparison
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status of weather modification - 4 

basic research:

elements of cloud processes that lead to precipitation are reasonably 
well understood

ice initiation is a major puzzle

little predictive capability of necessary details for specific instances 
on the scale that modification attempts may be undertaken

relationship between deliberate and inadvertent cloud seeding poses 
new questions to explore

global and regional climate change may have to be considered
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• policies
• funding
• licensing
• treaties

Gary Trudeau
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cost

be
ne

fit

1

2
3

4

what to prescribe ? 

1- operations       2 - FSTs         3 - exploratory        4 - basic research 

short-term vs. long-term
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Where does weather modification science stand? 
The positives

• We do have an arsenal of seeding materials and generators, both 
for glaciogenic and hygroscopic seeding.

• We do have theories to explain how precipitation forms, and 
models to describe cloud evolution. 

• There are good tools for observing precipitation quantity 
(radars).

• There are good aircraft instruments to observe detailed cloud 
properties.

• Forecasts of major weather events are quite reliable over several 
days.

• Satellites provide much real-time information.  
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• We do not know, with precision comparable to what seeding 
effects may be, what are desirable seed concentrations.  Neither 
do we know well the factors that determine that desirable or 
optimum number under given conditions.

• There are many problems in spreading the seeding material into 
the cloud in a predictable fashion.

• Seeding effects can be clearly diagnosed only at the earliest stages 
of evolution of precipitation.

• Forecasts cannot predict marginal cloud events and cloud 
characteristics.

• Remote sensing of LWC, N(D), etc. is not well developed.

• Downwind effects of seeding, or their absence, are not known.

Where does weather modification science stand?
The negatives
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What are the best opportunities for advances?
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• Observational capabilities:

๏ radars with Doppler, polarization, and combinations of various 
wavelengths

๏ lidars, radiometers
๏ nucleus counters

• Models

• Winter orographic clouds have long (hours) duration and are 
subject to forced lifting.  Those factors favor seedability.  But, ...

• Cumulus clouds are better defined entities, have “parcels”. Thus, 
they are better represented in models.  But, ...
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liquid

vapor

0.25 mm

12 hours

source:
  Dan Breed
  Bruce Boe
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4DWX RT-FDDA
http://www.ral.ucar.edu/cgi-bin/ugui_wyo?range=wyoming
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snow

cloudwater

http://www.ral.ucar.edu/cgi-bin/ugui_wyo?range=wyoming
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01:44+4 +11

cells travel through cloud
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Source: G. Vali, unpublished
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 th. cld. base* ~2900 m

* cloud base estimated from
   02:25-02:45 SAR sounding

flight path

ice particles generated at the surface rise into the cloud
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Source: G. Vali, unpublished
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-20°C

-6°C

27 m s-1

15 m s-1

transition to ice at flight level

cld base: 3050 m (from 20:17-20:54 SAR sndg)
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Source: G. Vali, unpublished
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-15°C

-28°C

-10°C
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R4                                R4                          R4              R4       R4
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Source: G. Vali, unpublished
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nasa06  jan18  22:45 - 22:48 detail

upper panel contours are reflectivity and arrows are U + W
lower panel contours are W 
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Source: G. Vali, unpublished
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radar in situ probeslidar

radar

lidar

in situ probes
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iceliquid 3270 m
-20°C
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source: Zhien Wang

dBZ

dBP

rho

10 km
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Source: MODIS http://rapidfire.sci.gsfc.nasa.gov/
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flight 
area
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800 μm
drops
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Source: G. Vali, unpublished
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20050117 
13:58:30-13:59:30
342° heading
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Source: G. Vali, unpublished



B C

D

A

E

F
G

34

Source: G. Vali, unpublished
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The weather modification dilemma:

When to initiate some cloud seeding activity, 
knowing that we lack knowledge of all the 
details, and that we face poorly predicted cloud 
conditions?  (When did we test enough?)

The answer will be a result of negotiation 
between users, administrations, politicians, 
and scientists.  (The scientists can only offer 
advice.)
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When confronted with some uncertainty in making a diagnosis 
(almost always the case), doctors are susceptible to unconscious 
emotions and biases:   “representativeness”  “availability”  “caring”

“ ... how doctors think can affect their success as 

much as how much they know, or how much 

experience they have.”  “The implicit assumption in 

medicine is that we know how to think. But we 

don’t.”

a final note from the medical doctors: 

quotes from article by Dr. Groopman “What is the trouble?”
in the New Yorker, Jan 29, 2007.


