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Outline
•  History
•  Developments in the last 20 years:  From a field for crackpots to a mainstream subject
•  Outstanding problems
•  Two future scenarios:  Business-as-usual and Enlightened business; is this meeting 
    coming up with a third scenario?
•  Summary 
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Decadal predictability and prediction efforts in historyDecadal predictability and prediction efforts in history

•  Anecdotal evidence that Meton of Athens, an irrigation engineer in charge of Athens’ water
   works in 400 B.C., associated sunspots with rainfall variability around Athens

•  Decadal predictability and prediction efforts going on for centuries using conceptual and
   statistical models; for example, the astronomer Sir William Herschel observed in the late 18th

   century less rainfall in England when fewer sunspots; suggested in 1801 that the price of
   wheat in London indirectly controlled by sunspots

•  Poey suggested in 1873 variations of numbers of tropical cyclones in the North Atlantic and
   South Indian Ocean regions associated with sunspot variations

•  Sunspot numbers and lunar orbital phase routinely used for prediction of temperature and
   rainfall

•  These efforts (and the field of decadal variability) fell into disrepute because of correlation
    variability, prediction failures, and lack of understanding of physical mechanisms - a lesson
    worth remembering
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Impacts of decadal climate variabilityImpacts of decadal climate variability

•  Agriculture, food security - national and international issues

•  Water supply and demand - national and international issues

•  Public health

•  Energy supply and demand - national and international issues

•  Transportation infrastructure

•  Cause of, as well as impacts on, urbanization, including megacities

•  National and international economies

•  Socio-economic and political problems stemming from the above
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Importance of the Missouri River BasinImportance of the Missouri River Basin

Missouri River Basin

Largest
river
basin
in the US

MRB water resources vulnerable to climate change on four indicators; Demand, Dependence on
hydroelectricity, Groundwater vulnerability, and Streamflow variability, only Storage capacity adequate

Covers
500,000
sq. miles,
10 States,
numerous
Native
American
reservations,
parts of
Canadian
Provinces of
Alberta and
Saskatchewan

depend on the Missouri River for drinking water, irrigation and industrial needs, hydro-electricity, recreation, navigation, and fish and wildlife habitat Dependence 
on the Missouri 
River for 
drinking water, 
irrigation and 
industrial 
needs, hydro-
electricity, 
recreation, 
navigation, 
and fish and 
wildlife habitat 

Value of crops
and livestock
$27 billion in
2002

117 million acres
cropland, only
12 million acres
irrigated

Produces 46% of wheat, 22% of grain corn, 34% of
cattle in the United States



Vikram Mehta AGCI Workshop on Climate Prediction to 2030; Aspen, Colorado 27 June 2008

Droughts in the Missouri River BasinDroughts in the Missouri River Basin

There are decadal droughts in the MRB.
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Association between Decadal Climate Cycles and the MissouriAssociation between Decadal Climate Cycles and the Missouri
River Basin USGS Gauged Streamflow (1950-2000)River Basin USGS Gauged Streamflow (1950-2000)
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PDO: Pacific Decadal Oscillation
TAG: Tropical Atlantic Gradient
N: Northern Missouri River Basin
S: Southern Missouri River Basin

Impacts of extrema of PDO and TAG
combine to create multiyear to decadal
droughts and floods in the MRB.

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

1013

0
50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000

m
^
3
/
se
c

Year

1013
1011
1016

Northern Missouri River Basin
PDO - TAG - PDO +

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

1019

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

m
^
3
/
se
c

Year

1019
1027
1030

Southern Missouri River Basin



Vikram Mehta AGCI Workshop on Climate Prediction to 2030; Aspen, Colorado 27 June 2008

Examples of Actual and Simulated Crop Yield
Deviations

SOYBEAN KS D50
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Three-year running-average of actual
(NASS) and simulated crop yields
agree reasonably well and show that
yield difference between DCV
extrema can be as much as 40-50% of
average yield.

There is no single DCV “smoking gun”
responsible for decadal crop yield 
variations in the MRB.  TAG, 
PDO, and IPWP variability are all 
responsible.   
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Impacts of DCV Phenomena on Missouri
River Basin Hydro-meteorology and Corn
Yields

Substantial impacts of 50-year maximum and minimum PDO and TAG indices
on MRB hydro-meteorology and corn yields

PDO Impact on Corn Yield
PDO +ve PDO -ve

TAG Impact on Corn Yield
TAG +ve TAG -ve

Yield

Precip.

Tmax

Tmin
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Impacts of DCV Phenomena on Missouri
River Basin Hydro-meteorology and Spring
Wheat Yields

Substantial impacts of 50-year maximum and minimum PDO and TAG indices on
MRB hydro-meteorology and wheat yields

PDO Impact on Wheat Yield
PDO +ve PDO -ve

TAG Impact on Wheat Yield
TAG +ve TAG -ve

Yield

Precip.

Tmax

Tmin
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Internally-generated Internally-generated decadal-multidecadal decadal-multidecadal variabilityvariability

?Obs. show these, but not tested

All of the above; and “11”- and
“22”-year “cycles”, and 18.6-

year cycle
associated with solar variability

and lunar tidal variability

Continents

Perhaps in the KOE region, but
not elsewhere

Feedbacks not strong enough for
self-sustained oscillations;

relative roles of subtropical gyre
and Rossby waves not clear

PDOPacific

Not known

“Perfect model” predictability for
one or two decades (this

meeting)

?

Obs. show modulation of Niño3
SST by STCs

Intrinsic variability proposed, but
not tested

Solar modulation proposed, but
not tested

Slow delayed-action oscillator
proposed, but how to test?

Obs. show, and tested by global
coupled model

Decadal variability of ENSO

IPO

Solar cycle

Tropical Pacific

?

Obs. show quasi-regular decadal
variability, but coupled

feedbacks not strong enough for
self-sustained oscillations;  role

of subtropical gyre in obs. but not
tested; solar variability provides

decadal time scale?

Cross-equatorial SST gradient,
winds, ocean heat transportTropical Atlantic

AMOC - may be (this meeting)
NAO - if SSTs known

AMO - ?

?

Are they related?  Ocean
feedback to atmosphere?

Feedbacks not strong enough for
self-sustained oscillations

AMOC-AMO-NAO

Decadal variability

North Atlantic

PredictabilityProblemsPhenomenonRegion



Vikram Mehta AGCI Workshop on Climate Prediction to 2030; Aspen, Colorado 27 June 2008

Decadal timescale external forcing and primary
response

Tides in the atmosphere and the oceansLunar gravitational force

Clouds; atmospheric electrical
conductivity

Solar wind particles and galactic
cosmic rays

Atmospheric electrical conductivity,
condensation nuclei

Solar magnetic field

Absorption of short-wave radiation in
the atmosphere and the surface

(“bottom up”); absorption of UV
radiation in the stratosphere by ozone

(“top down”)

Solar irradiance

Primary responseExternal forcing



Vikram Mehta AGCI Workshop on Climate Prediction to 2030; Aspen, Colorado 27 June 2008

Solar variability association with climate
variability

Eleven-year running means of (a) the Zürich 
sunspot number, and (b) global average 
SST anomalies. [From Reid, JGR, 1991]

a

b

The Earth’s total cloud cover from four cloud data 
sets obtained from satellite observations, cosmic 
ray fluxes from Climax (solid line, normalized to 
May 1965), and 10.7 cm solar flux (dashed line). 
[Adapted by Tsiropoula (JASTP, 2003) from 
Svensmark, 1998] 
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Solar variability association with climateSolar variability association with climate
variabilityvariability

Sunspot cycle length (+, left-hand scale) 
determined as the difference between the actual 
smoothed sunspot extremum and the previous one.  
The Northern Hemisphere temperature anomalies 
(*, right-hand scale). [From Friischristensen 
and Lassen, Science, 1991]

NH temperature
anomaly

Solar cycle
length
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Emerging successes of top-down and
bottom-up hypotheses of solar influences

•  Beginning of understanding, based on more complete atmospheric models, of how solar 
   variability can influence stratosphere and, from there, troposphere - top-down

•  Beginning of understanding, based on more complete global coupled models, of how solar 
   variability can influence ocean surface climate and the role feedbacks play - bottom-up

•  Very promising developments, may lead to solid gains in climate predictability

•  Need  similar breakthroughs in understanding internal variability, and interactions between 
   external influences and internal variability
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Two possible future scenarios
Business-as-usual

•  More papers

•  Isolated, fragmented efforts

•  Occasional article in Science/Nature claiming success in
predicting global-average temperature over the next 10-
20 years

•  Fierce fights for dwindling funding and other resources

•  Not much benefit to society
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Two possible future scenarios
Enlightened business

•  Understand how DCV has impacted in the past and may impact in the future global food,
water, energy, and health securities; and other sectors

•  Involve other federal and state agencies (besides NOAA-NASA-NSF) and private sector
in identifying where and how decadal predictions can help and what should be predicted;
then, expand the effort to other countries

•  Find major resources to make decadal predictions of useful information, motivate other
agencies/countries/foundations

•  Develop permanent global observing systems, cloud-resolving global coupled models,
parallel techniques of making predictions

•  Build human and infrastructure capacity

•  Recognize that required resources tiny compared to potential returns
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SummarySummary

 DCV has impacted society for centuries, perhaps millenia.
 Prediction efforts based on solar and lunar variability failed due to

lack of understanding, and inadequate concepts and models.
 The DCV field has undergone a revival in the last 15-20 years,

thanks to observations and better understanding of possible physics.
  Mechanisms of observed/modeled phenomena not well understood,

but recent breakthroughs in understanding solar influence promising.
 Societal demand for decadal climate and impacts information is

rising, so efforts should be and will be made.
 Extremely important to understand and predict DCV impacts on

society, but future course unpredictable!
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Thank you!!Thank you!!


