
The effect of a giant wind
farm on precipitation in 62
years of WRF warm-season

simulations

September, 2011

Prof. Brian H. Fiedler

School of Meteorology, University of Oklahoma



• WRF 30 km resolution

• Nested in May-June-July-August

Reanalysis Data for 1948-2009

• Adams & Keith wind farm

parameterization

• Bukovsky & Adams WRF

configuration



15% reduction inside wind farm

1948-2009 average wind speed change at 100 m
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• 228,375 2.0 MW turbines = 0.457 TW capacity

• 1.25 turbines per km2

• expected production 0.457 TW × 20% = 0.091 TW

• would supply 0.6% of the world’s power of 15 TW

• at optimistic $3 per MW, total cost is 1.3 trillion $

















K

1948-2009 average temperature change at 2 m

Approximate 0.1 K reduction inside wind farm



1948-2009 rainfall

WITH-NO percent difference
%



16 July 1948 rainfall

WITH-NO millimeter difference
mm



May-August 1948 rainfall

WITH-NO millimeter difference
mm



May-August 1948 rainfall TINY WINDFARM

WITH-NO millimeter difference
mm



May-August 1948-2009 rainfall

WITH-NO millimeter difference
mm



1948-2009 rainfall

WITH-NO percent difference
%
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N r
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r is precipitation difference



Arkansas point, fractional area is f = .00009

t = 3.35, p = .00070, p = .00023

.



Red box, fractional area is f = .11

t = 4.71, p = .000008, p = .000002

.



90% confidence that the model windfarm causes the true

mean of precipitation to be between 0.64% and 1.33%

enhancement within the red box.

A resampling-with-replacement method produces the

identical 90% confidence interval.



Magenta box, fractional area is f = .0033

t = −1.5, p = .07, p = .07

.



White box, fractional area is f = .0043

t = −1.64, p = .053, p = .016

.



• Wind farms have a big effect on WRF weather

• Effect on WRF climate is small

• Effect on real climate?



• WRF simulations had 30 km resolution.

• What would happen at 1 km resolution?



Tornado Tracks 1950-2010



Arkansas maximum at boundary with rough to west



Chicago minimum at boundary with rough to east



A larger perturbation than a “butterfly flapping its wings”

will decrease the lead time for a significant effect and allow

for greater potential of forecasting the event. Possibly a

giant wind farm, with it’s ability to have the blades furled by

a command from a control room, provides the potential for

advertent forecastable weather modification. Other human

object may have similar magnitude of effect on weather, but

urban heat islands can not be turned off, nor pasture

reverted to forest, on the time scale required to change a

forecastable weather event. This possibility of giant wind

farms providing a choice for a weather event revives decades

old scholarship about intentional weather modification,

much of that written in the context of hurricane



modification, as opposed to the recent scholarship about the

legal consequences of inadvertent climate change.



I agree that the statistical analysis used here is better than

many current papers. This is primarily because the authors

have performed 62 runs. In this respect this paper clearly

sets new standards for ensemble mesoscale modeling

because current papers use much smaller ensembles. But I

still have 2 questions. First, is t-test a good test? The

Gaussian distribution assumption required for t-test does not

hold as the authors point out later. So, why not use a

non-parametric test that does not have a distribution

assumption? This will be relatively easy because many

canned packages and freeware codes are available for

standardized tests.



I find this paper very suitable for the focus issue

’Environmental Impacts of Wind Energy’. It was papers like

this I was hoping for, when I proposed this focus issue. It is

thought provoking and will generate some discussion.

I agree with the comments of the referee, essentially saying

that this is an important paper of high quality, but it needs

some modifications and some parts should be reduced,

others expanded.



Discover Magazine, June 2011:

Tom Brokaw: We know that 2010 was tied for the hottest

year on record, but were sitting here now in snowy New

Haven. Its been a long, cold winter in New England and

across much of America. How does this fact relate to

climate change?

Rajendra Pachauri: The reality is that what we see today

is not merely a smooth and steady increase in temperatures.

We’re really disrupting the well-balanced climate system of

the globe, and this leads to an increase in floods and

droughts, heat waves and extreme precipitation.


