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Summary  

By 2020 the government intends that 20% of UKôs electrical power derives from 
renewable sources, mostly wind. Projections of the power to be generated by the 
turbine carpet are based on wind archives and the performance of wind turbines over 
the past 25 years. The þaw in this approach is that the machines will depend upon 
future weather and three lines of evidence suggest the UK is on the eve of changes in 
winter weather that cast serious doubt upon validity of wind power projections. 

First, last December Nature published a paper ( Bryden et al 1038, pp 655-657) 
revealing that 30% of the northward þow of the warm ó Gulf Streamô - strictly the 
Atlantic Meridional Overturning Circulation, AMOC - has changed direction, starting 
around 1992. A southward-moving component of the Gulf Stream, which re-circulates 
warm water in the subtropical gyre has increased by half. Furthermore, half the deep 
current that returns the north-eastward þowing warm current from the Norwegian-
Iceland Sea has gone. By 2004 about 300,000,000 MW of heating was being redirected. 
The ocean bordering the UK will cool: on this simple basis alone the UK should anticipate 
colder winters.

Second, the UKôs winter weather is dominated by the North Atlantic Oscillation, NAO. 
When the NAO is ópositiveô, the UK has stormy, wet, mild winter weather. When the NAO 
is ónegativeô we get cold, dry weather from December to March, and westerly winds are 
weaker or less persistent. Since 1980 the NAO has been predominantly positive: only 
ýve winters have been negative. It follows that all the archival data on wind turbine 
performance are heavily skewed by positive NAO winters. There is statistical evidence 
that the North Atlantic Oscillation might now be switching to ónegativeô, possibly as a 
result of the AMOC slowing. 

Third, it is known that the sign of the winter NAO, positive or negative, is inþuenced 
by anomalies in the sea surface temperatures (SST) of approx.1ÜCelsius across the 
Atlantic. The recently described changes in the AMOC will surely result in much larger 
anomalies in Atlantic SST and hence in the winter NAO. But exactly what will these new 
SST anomalies be, and how will they then inþuence the NAO? A reduction in SST north 
of Iceland and an increase in SST in the subtropical ocean would be expected to drive 
the NAO negative. The AMOC-SST change might be so large that there is a possibility 
that the NAO would cease oscillating such that all winters become ónegativeô. 

The impact of AMOC slowing on SST and NAO must be predicted with precision if the 
planning for wind (and wave) power is to have any validity. Precision of prediction is 
essential as the impact of even a small fall in mean wind speed would be ampliýed by 
the turbines: a mere 20% fall in wind speed could eliminate half the power. Any loss of 
higher wind speeds ï those in storms- contributing to that mean would further reduce 
output.



The implication of this analysis is that, every winter, the wind turbine carpet might 
deliver several fold less power than currently expected. Both the DTI Energy Review, 
and the Welsh Affairs Committee Inquiry into Energy and Wind Power in Wales, should 
incorporate into their deliberations new predictions of wind resource, in which the effect 
of the AMOC-slowing on SSTs and NAO are fundamental. A wise government would 
impose a moratorium on all wind and wave power station development until it has 
robust predictions of the UKôs wind and weather for this decade onwards.

  

  

INTRODUCTION

  

It is axiomatic that most forms of renewable energy are under the inþuence of the 
weather. Yet assessment of the adverse changes in the UK ôs weather during the next 
twenty years have not informed the UK governmentôs renewable energy strategy. The 
weather is a pinch-point that renders the concept of a ómix of renewablesô redundant. 
In particular, any diminution of the UK ôs wind resource would be catastrophic: a mere 
20% fall in mean wind speed would halve wind-turbine power output. 

This brieýng note outlines two weather phenomena that greatly inþuence winter weather 
in the UK and northern Europe and which show signs of change from meteorological, 
oceanographic and statistical studies. The two key weather phenomena are: 

1 The North Atlantic Oscillation, NAO 

2 The Gulf Stream and the Atlantic Meridional Overturning Circulation, AMOC. 

  

The 2020 target for renewable electricity is 20% of UK demand. That the resource 
- windy weather - underlying much of that target has not been rigorously assessed 
implies a risk to the 60 million people and to UK businesses. 

  

The North Atlantic Oscillation, NAO 

The North Atlantic Oscillation (NAO) is a phenomenon associated with winter þuctuations 
in temperature, rainfall and storminess over much of Europe. When the NAO is 
ópositiveô, westerly winds are stronger and more persistent and northern Europe tends 
to be warmer and wetter than average. When the NAO is ónegativeô, westerly winds are 
weaker or less persistent and northern Europe is colder and drier. These two diagrams 
(from Columbia Univ.) illustrate the winter weather difference in the two states of the 
oscillation (ýg.1; note that the red and blue colours represent high and low atmospheric 
pressure respectively)

  



Fig1

The NAO switches between these two states. 

The NAO oscillates: it persists in, predominantly, one state for decades and then switch 
for decades to the other state. In ýgure 3 the positive states are shown in red, the 
negative in blue. 



Note that the period of 1940 to 1980 showed an increased occurrence of negative 
states (blue), including the cold winters of 1947 and 1962-3. For the past 25 winters 
the NAO-index has been predominantly positive with just ýve negative winters. 

Figure 3 (from 
www: Dr Osborn, Univ East Anglia )

 

Future changes in the NAO index

There is a possibility that the past 30 yearsô positive NAO is now ending and that a 20-
30 year period of negative NAOs is beginning, repeating the situation found between 
1940 and 1970. Sophisticated statistical techniques are being used to predict in early 
summer whether the following winterôs NAO is likely to be positive or negative. Thus in 
summer 2005 the Met.Ofýce predicted, on the basis of Atlantic sea surface temperature 
anomalies, that this winterôs NAO would be negative (ie a cold winter). Large data sets 
show oscillations in the NAO going back 1000 years (eg.tree rings). The complexities 
in ocean/atmosphere interactions preclude any precise predictions, but the NAO will 
undoubtedly change at some point in the future: it might be on the cusp of going 
negative now. It would be unwise to formulate energy policies on the assumption that 
it will not change. Indeed the Atlantic Ocean may be in the process of forcing change in 
the NAO now: see below. 

  

2. The Atlantic Meridional Overturning Current, AMOC

This AMOC is part of the global Thermohaline Conveyer and the warm surface currents 
within the AMOC are known as the Gulf Stream . The Gulf Stream carries vast quantities 
of heat north-eastwards from the Gulf of Mexico and Bahamas to northern Europe and 
Scandinavia . This heat þow amounts to 1.3 PetaWatts (1.3 Billion MW), equivalent to 
the heat generated by 1.3 million GW-sized power stations. The AMOC endows the UK 
, Scandinavia and N Europe with much milder winter weather than our latitude would 
otherwise dictate (see ýg4). 

  

  

Fig.4   The Gulf Stream conveys heat past UK to the Norwegian-Iceland Sea.

          (from www. Dr Maroztke , NOC, Souithampton) 



  

Slowing of AMOC

As the Gulf Stream current þows north it evaporates water - the source of much of our 
rain - and cools. In the vicinity of Iceland and Greenland this cold and salty water, now 
denser than the local sea-water, sinks (see ýg 5). The sinking current returns from 
the Norwegian-Iceland Sea southward at 3000-5000m depth towards the Equator, 
and is known as the Lower North Atlantic Deep Water Current. Freshwater þows from 
ógreenhouseô-forced melting of the Greenland ice-cap and rivers from melting Siberian 
perma-frost, reduce the salinity of the AMOC and slow its sinking, aided by reduced 
formation of salty sea water under arctic sea-ice. Measurements from CEFAS, Lowestoft 
(Prof. RR Dickson) show a decline in the salinity of the deep-water return current in the 
Denmark Strait , beginning around 1970. 

Three years ago, the probability of slowing of the AMOC occurring in the second half 
of this century was estimated at 50/50. Recently published measurements show that 
slowing of the AMOC is underway now and started no later than15 years ago (Bryden 
at al Nature 1038: 655-657; 1 Dec 2005). These oceanographic measurements 
show that the branch of the deep return current known as the Lower North Atlantic 
Deepwater ( Lower NADW in ýgure 5) has halved between 1991 and 2004. As a result, 
an estimated 0.3PW of heat has already diverted in the Gulf Stream. These data from 
Prof H L Bryden FRS (National Oceanographic Centre, Southampton) were published in 
Nature in December 2005. An excellent over-view outlining the areas of uncertainty is 
here: Nature 439 ,256-260, 19 January 2006: ó Circulation challengeô . A simple, linear 
extrapolation of their data suggests that the area of the Gulf Stream which occupies the 
east Atlantic and which feeds the Lower NADWC could cease by 2020.

  




