
The boTTom line

When pondering long-term 
investments in power systems, 
choices about the mix of 
renewables and their geographic 
distribution must take into 
account seasonal, multiyear, 
and multidecade variability, 
information derivable from data 
generated by a suite of climate 
models that are available 
at almost no cost. To date, 
policy makers, planners, and 
investors in renewable-energy 
fields have generally not made 
extensive use of such data. 
Climate modelers and power 
system planners should work 
together so that the outputs and 
scenarios from climate models 
can be interpreted carefully and 
used in power system planning.

integrating Climate model Data into Power System Planning

Why is this issue important?

Climate model outputs can enhance our 
understanding of the long-term variability of 
renewable resources, an essential component of 
power system planning 

Significant multiyear and multidecade variations in intermittent 
renewable resources hold major implications for power system 
investments. Hydropower planners in New Zealand, Brazil, Norway, 
and elsewhere know this from long experience. They have been 
using extensive hydrology data for many years to represent hydro-
logical risks in their planning (see for instance, Meridian Energy 2011). 
The variability is even more pronounced for solar and wind (Hoste, 
Dvorak, and Jacobson 2010). Often, however, policy-driven invest-
ments barely consider such risks. Although the potential effects of 
long-term variability were flagged a decade ago (see, for example, 
IEA 2005), efforts are still largely focused on fine-tuning short-term 
wind and solar forecasting systems.   

Climate model data are particularly suited for the assessment 
of longer-term variability. A good grasp of seasonal, multiyear, and 
multidecade trends is essential in assessing the economic merits of 
investments in renewable resources and the extent to which such 
resources can complement one other or may need to be backed up 
by further investments in nonrenewable sources. For instance, plan-
ners of hydro-dominated systems have learned to use risk-based 
criteria such as so-called 1-in-50-year drought coverage to deal with 
the risk posed by extremely dry years. 

That climate models can provide scenarios over several decades 
makes them equally applicable to wind and solar planning. For 
example, a significant deterioration in the quality of wind resources 

has already been detected in some parts of the world. The average 
wind speed in China deteriorated by 25 percent between 1969 and 
2000, according to Xu and others (2006). There has been a 40 percent 
reduction in surface wind speed in India over the past four decades 
(Padmakumari, Jaswal, and Goswami 2013). 

Good-quality data generated by climate models—both historical 
and projected over decades—are available for all countries at little 
or no cost. Such data can and should form part of power system 
planning, complementing more detailed, but expensive, renewable 
energy resource mapping and actual observations and measure-
ments of wind, solar, and hydro power. To date, however, policy 
makers, planners, and investors in renewable-energy fields have 
generally not used climate model data, favoring other forms of data 
and analytics, including site-specific measurements and renewable 
resource maps.

The universe of such data includes outputs from a range of 
climate-analysis models such as global circulation models (GCM), 
which can run long-term climate scenarios and generate simulated 
historical data to complement or supplant missing or low-quality 
original data. The data from most such models—including the 
experimental CMIP5 (Coupled Model Inter-Comparison Project 
version 5, http://cmip-pcmdi.llnl.gov/cmip5/) used in the Fourth and 
Fifth Assessment Reports of the Intergovernmental Panel on Climate 
Change (Meehl and Stocker 2007)—are available for free. 

That these datasets have not yet been put to use in power 
system planning is surprising given their potential value and their 
applications in related areas. Data from climate modeling exercises 
have made important contributions to infrastructure planning since 
the 1990s—most notably, in the area of urban planning (Carmin, 
Nadkarni, and Rhie 2012; Füssel 2007), where the increased fre-
quency of natural hazards, temperature extremes, changes in rainfall 
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“That climate model 

datasets have not yet been 

put to use in power system 

planning is surprising given 

their potential value and 

their applications in related 

areas.”

patterns, and the rise in sea levels are routinely analyzed through 
down-scaled climate models despite data limitations. In urban 
planning, climate model data are usefully applied even in relatively 
coarse form—that is, at resolutions of 50 km x 50 km. Low spatial 
resolution implies examination of average climate conditions (such 
as temperature, wind speed, solar radiation, and precipitation) over a 
significant area (of 2,500 km2 in this case), with gaps in accuracy for 
specific locations within that area. 

What is the key challenge?

Attention has focused on renewable resource  
maps, to the neglect of longer-term data generated  
by climate models 

Despite the clear utility of understanding the variability of renewable 
resources over the longer term, the models and data that can 
deliver that understanding remain underexploited in power system 
planning and operation (IRENA 2013). Studies from the U.S. National 
Renewable Energy Laboratory (NREL) and other research institutions 
integrate some form of meteorological models, but their datasets are 
not long and rich enough to plot and predict the impact of climate 
variability over a term that is long enough to be optimally useful for 
planning investments in energy assets. For example, the NREL’s 2010 
study on integrating wind and solar energy into the power mix in the 
western United States (GE Energy 2010) used high-resolution data 
from a numerical weather prediction model called 3TIER data but 
over a period of just three years (2004–06).1 

Climate modeling data can be useful to power system planners 
not only because the climate exerts direct effects on demand for 
power (for example, the rising frequency of high-temperature days 
and other extreme weather events affect peak demand and electric-
ity consumption generally), but also because such data can provide 
rich information on the long-term availability of wind and hydro 
resources, information that is crucial for planning. 

The effect of climate change on demand, as evidenced by 
climate modeling data, and the implications of change for generation 

1  The study’s inattention to variability beyond an annual time horizon has been typical, but 
wind and solar forecasting tools using real-time data and sophisticated analytical models such 
as 3TIER (or the Australian Bureau of Meteorology’s ACCESS model, http://www.bom.gov.au/
australia/charts/about/about_access.shtml) are in increasingly wide use.

and fuel choices, have been studied (see, for example, Mansur, 
Mendelsohn, and Morrison 2007). The same cannot be said about 
supply-side analysis of generation and resource availability. Yet the 
variability of wind, solar, and hydro resources in different times-
cales—over the years, seasonal, daily—matters a great deal for 
power systems. Climate data help us understand all three types of 
variability, particularly the first two. 

Renewable resource maps have already proved their use in 
understanding variability, though not for the long time horizons on 
which climate models operate. The Renewable Resource Data Center 
at the NREL (http://www.nrel.gov/rredc/) and the Global Atlas of the 
International Renewable Energy Agency (IRENA, http://globalatlas.
irena.org/) are two well-known repositories of such maps and data, 
the production and generation of which are co-funded by the Energy 
Sector Management Assistance Program (ESMAP), a global, multido-
nor technical assistance trust fund administered by the World Bank 
and cosponsored by 13 official bilateral donors (http://www.esmap.
org/RE_Mapping). Regional units of the World Bank have undertaken 
comprehensive resource mapping and geospatial planning under 
ESMAP-funded projects. Other major data sources include the U.S. 
National Aeronautics and Space Administration, the Department of 
Wind Energy at the Technical University of Denmark, the German 
Aerospace Center (DLR), and Spain’s National Renewable Energy 
Center (CENER). 

Donor agencies, including the World Bank, have been actively 
promoting the compilation of such maps in developing nations. 
Combined with direct measurements and simulated data, the maps 
have been useful in shaping renewable-energy investments and in 
analyzing their impacts on power system operations. 

However, each resource-mapping exercise is expensive, and 
maps, like actual observations, are limited because they are either 
static or do not cover enough time to capture variability over periods 
of years. Integrating renewable-energy data into power system plan-
ning requires that all aspects of variability be taken into consideration. 
To ensure reliable supplies of power, planning must take into account 
the availability or unavailability of a given resource over a given period 
of time so that back-up generation capacity or other alternatives 
(such as storage and demand-side responses) can be put in place.
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“Integrating renewable-

energy data into power 

system planning requires 

that all aspects of variability 

be taken into consideration. 

To ensure reliable supplies 

of power, planning must 

take into account the 

availability or unavailability 

of a given resource 

over a given period of 

time so that back-up 

generation capacity or 

other alternatives (such as 

storage and demand-side 

responses) can be put in 

place.”

What’s the solution?

Accurate power system planning requires an 
integrated solution

Even though the GCMs do not yet meet all of the needs of long-term 
power system planning, they can already enhance planning—and at 
a very low cost (box 1). Planners can afford to err to some extent on 
resolution with respect to site-specific resources (and can compen-
sate for the GCMs’ low resolution through other means, as discussed), 
but they cannot afford to ignore the longer-term variability that GCMs 
track and reveal. A reassessment by Lawrence Berkeley National 
Laboratory of wind energy potential in China and India increased ear-
lier estimates by a massive amount. The 2012 study for India (Phadke, 
Bharvirkar, and Khangura 2012) raised the original estimate of 48 GW 
that had been prepared by the Indian government to more than 2,000 
GW (a 42-fold increase!) based on a limited set of actual observations. 
But the Berkeley analysis did not consider the interannual variability 
of wind data—a serious deficiency because a significant part of the 
proposed development would take place in the southern states of 
India (including Tamil Nadu and Karnataka) that exhibit significant 
seasonal and interannual variability, as discussed further on.  

Debate over the degree of accuracy needed to capture the 
variability of wind and solar resources helps explain why the long term 
has received relatively little attention. IRENA’s Global Atlas project 
proposal, for example, noted that the wind energy resource was 
underestimated because “a large part of the wind resource [is] not 
being captured in the analysis” for lack of data on small-scale variabil-
ity of wind (IRENA 2011). With averaging, it is easy to miss promising 
sites. As one moves from the country and regional level to sites within 
a 10 km x 10 km area, the potential for error grows and can reach an 
unacceptable degree. There is obviously a trade-off between creating 
resource maps at high granularity and doing it over many years. 

Other challenges will need to be overcome on the climate 
modeling front. Because the GCMs are not initialized with actual 
observations—which are important for predicting the timing of 
specific events, especially in the short term—they are not ideally 
suited to forecast the precise timing of a major phenomenon, such 
as an El Nino event. Improving the ability of GCMs to produce better 
forecasts is an area of active research. 

To illustrate the potential application of GCM data, we draw from 
a recent research paper that uses power system planning results 
for India based on data from a 21-year reanalysis (1980–2000) of the 
interannual variability of solar and wind resources. Chattopadhyay 
(2014) provides insights into the nature of variability over time as well 
as across states and subregions. Figure 1 shows geographical and 
seasonal variability in solar irradiance for 1980. Seasonal variation 
is significant in all states, especially during the transition from 
winter (December–January) to the pre-monsoon period (April–May). 
However, as the figure makes clear, the geographic spread is also 
very significant. This geographic and temporal variability poses a 
problem, given that power generation capacity is often inadequate to 
meet peak demand even when all resources are available.

Box 1. data from the following gCms are freely available

•	 ECHAM5 (Germany, Roeckner and others 2003)

•	GFDL’s CM2 Global Coupled Climate Models (United States, Delworth 
and others 2007)

•	Hadley Centre Global Environment Model Version 1 (United 
Kingdom, Hadley Center 2006)

•	CSIRO Mk 3.5 (Australia, Gordon and others 2002)

•	 K-1 Coupled GCM (MIROC) (Japan, Hasumi and Emori 2004).

Applicable datasets are available for several decades and forecast 
periods at a granularity of 4–6 hour blocks within each day and at 
resolutions of up to 10 km x 10 km. They are generally adequate for 
analyses at the country and regional levels but not for site-specific 
wind and solar analysis. With respect to long-term power system 
planning, which typically extends over 10–50 years, a relatively 
coarse dataset may be sufficient to augment short-term data of finer 
resolution. Such analysis is typically used to provide broad guidance 
on factors such as fuel mix, prices, and volume of investment, rather 
than for planning site-specific projects.

The authors of this note are compiling a sample set of climate model 
data of potential use in power system planning. Using the World Bank’s 
Spatial Agent mobile application (https://itunes.apple.com/us/app/
spatial-agent/id890565166?mt=8) they aim to ensure that this data will 
be readily available.
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“With respect to long-term 

power system planning, 

which typically extends 

over 10–50 years, a 

relatively coarse dataset 

may be sufficient to 

augment short-term data 

of finer resolution. Such 

analysis is typically used 

to provide broad guidance 

on factors such as fuel 

mix, prices, and volume 

of investment, rather than 

for planning site-specific 

projects.”

Figure 2 shows wind-power density (Watts/sq.m.) for wind-rich 
Tamil Nadu in southern India from 1980 to 2000. Electricity demand 
in the state is at its highest in April–June, just before the monsoon 
arrives, a time when the availability of hydropower is also typically 
low. To be noted in the figure are how much wind density varies 
across the seasons and over the years for the same season. 
Although there is a broad trend of high wind availability around mid-
year, the variability across 21 years of data is significant. 

Tamil Nadu has no more than 7 GW of installed wind capacity 
and, since 2000, has made almost no investment in generating 
capacity to meet base load since 2000. The state ended 2012–13 
with a 29.6 percent peak deficit (CEA 2013a; Chattopadhyay and 
Chattopadhyay 2012), recalling the days of rampant load shedding in 
the 1960s and 1970s. So the state’s need is great, and its potential for 
wind energy may be equally great. Phadke, Bharvirkar, and Khangura 
(2012) found up to 65 GW of economic wind potential in the state 

but, as noted, did not consider longer-term variability. Addressing 
that issue may be the key to attracting investments that could exploit 
the state’s wind potential and solve its power problems. And the 
necessary data are freely available!

The same reasoning applies to the solar potential of states such 
as Gujarat (Chattopadhyay and Chattopadhyay 2012; CEA 2013b). 

Renewable resources may complement one other, or they may 
overlap to a significant degree, creating seasonal cycles of over- and 
undersupply, as has happened in India. Climate model data can 
help planners understand such relationships and assemble a more 
balanced set of resources, as well as necessary back-up measures. 
A proper exploration of climate data and its integration into power 
system planning would lead to more informed policies with regard 
to renewable resources, and, in conjunction with resource maps 
and actual observations, a more judicious selection of renewable 
projects.

Figure 1. geographical and seasonal variation of solar irradiance for key Indian states in 1980

Source: Chattopadhyay (2014).
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“Researchers found up to 

65 GW of economic wind 

potential in Tamil Nadu but 

did not consider longer-

term variability. Addressing 

that issue may be the key 

to attracting investments 

that could exploit the 

state’s wind potential and 

solve its power problems. 

And the necessary data are 

freely available!”

What have we learned?

Climate modeling data should be a 
mainstream resource in power system 
planning, complementing detailed resource 
maps and site-specific observations

Our understanding of renewable-based power generation 
has come a long way over the past decade. The reposi-
tory of renewable resource maps, observations, and ana-
lytical tools that are available to policy makers, planners, 
and investors is already impressive, and growing. 

Short-term intermittency of renewable resources is 
an important issue, and determining the level of integra-
tion of such resources that is right for individual power 
systems requires detailed data and analysis. But concern 
for accuracy in assessments of the short-term potential 
of specific wind and solar sites has drawn attention 
away from the even weightier issue of long-term variabil-
ity of these resources, variability that holds profound 
implications for the viability of investments. 

When pondering long-term investments in power 
systems, choices about the mix of renewables and their 
geographic distribution must take into account seasonal, multiyear, 
and multidecade variability of the sort derivable from data generated 
by a suite of well-established GCMs that are available at almost no 
cost. 

Intelligence from these models—used, for example, to simulate 
power system plans for alternative climate-change scenarios or 
to reanalyze other data—can help policy makers, planners, and 
investors understand the optimal mix of capacity and generation for 
a given power system at various points in time. 

Climate modelers and power system planners should work 
together so that the outputs and scenarios from GCMs can be 
interpreted carefully and fed into planning models. Power system 
planners can also use data from climate models to guide decisions 
on the geographic spread of investments, taking into account the 
complementarity of their seasonal distribution, the long-term poten-
tial of given renewable resources under alternative climate-change 

scenarios, and the need for backup measures including interconnec-
tion to other systems. 
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THE BOTTOM LINE

where does the region stand 

on the quest for sustainable 

energy for all? in 2010, eaP 

had an electrification rate of 

95 percent, and 52 percent 

of the population had access 

to nonsolid fuel for cooking. 

consumption of renewable 

energy decreased overall 

between 1990 and 2010, though 

modern forms grew rapidly. 

energy intensity levels are high 

but declining rapidly. overall 

trends are positive, but bold 

policy measures will be required 

to sustain progress.
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Tracking Progress Toward Providing Sustainable Energy  

for All in East Asia and the Pacific

Why is this important? 

Tracking regional trends is critical to monitoring  

the progress of the Sustainable Energy for All 

(SE4ALL) initiative 

In declaring 2012 the “International Year of Sustainable Energy for 

All,” the UN General Assembly established three objectives to be 

accomplished by 2030: to ensure universal access to modern energy 

services,1 to double the 2010 share of renewable energy in the global 

energy mix, and to double the global rate of improvement in energy 

efficiency relative to the period 1990–2010 (SE4ALL 2012).

The SE4ALL objectives are global, with individual countries setting 

their own national targets in a way that is consistent with the overall 

spirit of the initiative. Because countries differ greatly in their ability 

to pursue the three objectives, some will make more rapid progress 

in one area while others will excel elsewhere, depending on their 

respective starting points and comparative advantages as well as on 

the resources and support that they are able to marshal.

To sustain momentum for the achievement of the SE4ALL 

objectives, a means of charting global progress to 2030 is needed. 

The World Bank and the International Energy Agency led a consor-

tium of 15 international agencies to establish the SE4ALL Global 

Tracking Framework (GTF), which provides a system for regular 

global reporting, based on rigorous—yet practical, given available 

1  The universal access goal will be achieved when every person on the planet has access 

to modern energy services provided through electricity, clean cooking fuels, clean heating fuels, 

and energy for productive use and community services. The term “modern cooking solutions” 

refers to solutions that involve electricity or gaseous fuels (including liquefied petroleum gas), 

or solid/liquid fuels paired with stoves exhibiting overall emissions rates at or near those of 

liquefied petroleum gas (www.sustainableenergyforall.org).

databases—technical measures. This note is based on that frame-

work (World Bank 2014). SE4ALL will publish an updated version of 

the GTF in 2015.

The primary indicators and data sources that the GTF uses to 

track progress toward the three SE4ALL goals are summarized below.

•	 Energy access. Access to modern energy services is measured 

by the percentage of the population with an electricity 

connection and the percentage of the population with access 

to nonsolid fuels.2 These data are collected using household 

surveys and reported in the World Bank’s Global Electrification 

Database and the World Health Organization’s Household Energy 

Database.

•	 Renewable energy. The share of renewable energy in the 

energy mix is measured by the percentage of total final energy 

consumption that is derived from renewable energy resources. 

Data used to calculate this indicator are obtained from energy 

balances published by the International Energy Agency and the 

United Nations.

•	 Energy efficiency. The rate of improvement of energy efficiency 

is approximated by the compound annual growth rate (CAGR) 

of energy intensity, where energy intensity is the ratio of total 

primary energy consumption to gross domestic product (GDP) 

measured in purchasing power parity (PPP) terms. Data used to 

calculate energy intensity are obtained from energy balances 

published by the International Energy Agency and the United 

Nations.

2  Solid fuels are defined to include both traditional biomass (wood, charcoal, agricultural 

and forest residues, dung, and so on), processed biomass (such as pellets and briquettes), and 

other solid fuels (such as coal and lignite). 
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THE BOTTOM LINE

where does the region stand 

on the quest for sustainable 

energy for all? The region 

has near-universal access to 

electricity, and 93 percent of 

the population has access 

to nonsolid fuel for cooking. 

despite relatively abundant 

hydropower, the share 

of renewables in energy 

consumption has remained 

relatively low. very high energy 

intensity levels have come 

down rapidly. The big questions 

are how renewables will evolve 

when energy demand picks up 

again and whether recent rates 

of decline in energy intensity 

will continue.
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Tracking Progress Toward Providing Sustainable Energy  

for All in Eastern Europe and Central Asia

Why is this important? 

Tracking regional trends is critical to monitoring  

the progress of the Sustainable Energy for All 

(SE4ALL) initiative 

In declaring 2012 the “International Year of Sustainable Energy for 

All,” the UN General Assembly established three global objectives 

to be accomplished by 2030: to ensure universal access to modern 

energy services,1 to double the 2010 share of renewable energy in 

the global energy mix, and to double the global rate of improvement 

in energy efficiency relative to the period 1990–2010 (SE4ALL 2012).

The SE4ALL objectives are global, with individual countries setting 

their own national targets in a way that is consistent with the overall 

spirit of the initiative. Because countries differ greatly in their ability 

to pursue the three objectives, some will make more rapid progress 

in one area while others will excel elsewhere, depending on their 

respective starting points and comparative advantages as well as on 

the resources and support that they are able to marshal.

To sustain momentum for the achievement of the SE4ALL 

objectives, a means of charting global progress to 2030 is needed. 

The World Bank and the International Energy Agency led a consor-

tium of 15 international agencies to establish the SE4ALL Global 

Tracking Framework (GTF), which provides a system for regular 

global reporting, based on rigorous—yet practical, given available 

1  The universal access goal will be achieved when every person on the planet has access 

to modern energy services provided through electricity, clean cooking fuels, clean heating fuels, 

and energy for productive use and community services. The term “modern cooking solutions” 

refers to solutions that involve electricity or gaseous fuels (including liquefied petroleum gas), 

or solid/liquid fuels paired with stoves exhibiting overall emissions rates at or near those of 

liquefied petroleum gas (www.sustainableenergyforall.org).

databases—technical measures. This note is based on that frame-

work (World Bank 2014). SE4ALL will publish an updated version of 

the GTF in 2015.

The primary indicators and data sources that the GTF uses to 

track progress toward the three SE4ALL goals are summarized below.

Energy access. Access to modern energy services is measured 

by the percentage of the population with an electricity connection 

and the percentage of the population with access to nonsolid fuels.2 

These data are collected using household surveys and reported 

in the World Bank’s Global Electrification Database and the World 

Health Organization’s Household Energy Database.

Renewable energy. The share of renewable energy in the energy 

mix is measured by the percentage of total final energy consumption 

that is derived from renewable energy resources. Data used to 

calculate this indicator are obtained from energy balances published 

by the International Energy Agency and the United Nations.

Energy efficiency. The rate of improvement of energy efficiency is 

approximated by the compound annual growth rate (CAGR) of energy 

intensity, where energy intensity is the ratio of total primary energy 

consumption to gross domestic product (GDP) measured in purchas-

ing power parity (PPP) terms. Data used to calculate energy intensity 

are obtained from energy balances published by the International 

Energy Agency and the United Nations.

This note uses data from the GTF to provide a regional and 

country perspective on the three pillars of SE4ALL for Eastern 

2  Solid fuels are defined to include both traditional biomass (wood, charcoal, agricultural 

and forest residues, dung, and so on), processed biomass (such as pellets and briquettes), and 

other solid fuels (such as coal and lignite). 

“Live Wire is designed 

for practitioners inside 

and outside the Bank. 

It is a resource to 

share with clients and 

counterparts.”


