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Sierra Club Set 1 
Witness: Judah L. Rose 

Case No. 14-1297-EL-SSO 
Ohio Edison Company, The Cleveland Electric Illuminating Company and 

The Toledo Edison Company for Authority to Provide for a Standard Service Offer 
Pursuant to R.C. § 4928.143 in the Form of an Electric Security Plan 

RESPONSES TO REQUEST 

SC Set 1 - Refer to page 55, lines 10-17 of the Rose Testimony. With regards to ICF's forecast of 
INT-39 potential C02 prices: 

a. Identify the date of the ICF forecast that Mr. Rose used. 
b. Identify the probabilities that ICF gave to each of the three referenced C02 

price scenarios and explain the basis for such probabilities. 

Response: a. Mid-2014, 

b. Please see the table below for ICF C02 Probabilities. ICF probability weights three 
forecasts: 1) no co2 policy, 2) a federal mass cap policy and 3) a stringent federal 
policy. ICF feels some type of carbon control program will take place on the federal 
level in time. Hence the "No C02 Policy" probabilities fade over time. The Mass 
Cap is based on preliminary views on EPA's 111d program proposals. ICF feels 
this has the most traction and thus has the highest weighting. A Waxman-Markey 
type program is very stringent and thus has the lowest probability. 

Probability 

No C02 policy 
Mass cap - 1500lb/MWh to 1000 Ib/MWh 
Waxman-Markey 
Total 

2016 2018 2020 2023 

100% 100% 60% 40% 

0% 0% 40% 60% 

0% 0% 0% 0% 

100% 100% 100% 100% 

2030 2037 

20% 15% 

80% 7D% 
0% 15% 

100% 100% 

EXHIBIT 

cS^ 13 



Sierra Club Set 1 
Witness: Judah L. Rose 

Case No. 14-1297-EL-SSO 
Ohio Edison Company, The Cleveland Electric Illuminating Company and 

The Toledo Edison Company for Authority to Provide for a Standard Service Offer 
Pursuant to R.C. § 4928.143 in the Form of an Electric Security Plan 

RESPONSES TO REQUEST 
SC SET I - Refer to page 19, line 20 through page 20, line 2 and Figure 4 of the Rose 
INT-28 Testimony: 

a. Identify the complete factual basis for this portion of Mr. Rose's 
testimony. 

b. Identify the magnitude of, and the timeframe for, the "[e]xpected 
demand growth" referenced in this testimony. 

c. Identify, in percent or amount, the size of the impact that Mr. Rose 
expects demand grovirth to have on energy prices and capacity 
prices. 

RESPONSE : Original Response Date 9-30-14 

a. Objection. This request calls for an improper narrative response. See 
Penn Cent Transp. Co. v. Armco Steel Corp., 271 N.E.2d 877 
(Montgomery Co., 1971) (improper use of discovery device or 
interrogatory to require detailed nan^ative response). This request is 
also vague and ambiguous, overbroad and unduly burdensome. 

b. The ICF electricity demand forecast is contained in Mr. Rose's work 
papers, and is discussed on pages 50 and 51 of his testimony. 

c. Objection. This request purports to require the witness to perform 
additional analyses. Subject to and without waiving the objection, Mr. 
Rose has not performed this analysis. 

SUPPLEMENTAL Supplemental Response Date 10-24-14 
RESPONSE: 

a. Objection. This request calls for an improper narrative response. See 
Penn Cent. Transp. Co. v. Armco Steel Corp., 271 N.E.2d 877 
(Montgomery Co., 1971) (improper use of discovery device or 
interrogatory to require detailed narrative response). This request is 
also vague and ambiguous, overbroad and unduly burdensome. 
Subject to and without waiving the foregoing objections, in this portion 
of his testimony Mr. Rose relies upon his professional experience. 

b. The ICF electricity demand forecast is contained in Mr. Rose's work 
papers, and is discussed on pages 50 and 51 of his testimony. 

c. Objection. This request purports to require the witness to perform 
additional analyses. Subject to and without waiving the objection, Mr. 
Rose has not performed this analysis. 

EXHIBIT 
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TERMS AND ABBREVIATIONS USED IN THIS REPORT 

AE 

AEP 

APP 

APS 

ATSI 

Base Load 

BGE 

CEI 

COMED 

Contractually Intermptible 

Cooling Load 

CSP 

Direct Control 

DAY 

DECK 

DLCO 

DOM 

DPL 

EKPC 

FE-East 

Heating Load 

INM 

JCPL 

KP 

Atlantic Electric zone (part of Pepco Holdings, Inc) 

American Electric Power zone (incorporated 10/1/2004) 

Appalachian Power, sub-zone of AEP 

Allegheny Power zone (incoiporated 4/1/2002) 

American Transmission Systems, Inc. zone (incoiporated 6/1/2011) 

Average peak load on non-holiday weekdays with no heating or cooling load. Base 
load is insensitive to weather. 

Baltimore Gas & Electric zone 

Cleveland Electric Illuminating, sub-zone of ATSI 

Commonwealth Edison zone (incoiporated 5/1/2004) 

Load Management from customers responding to direction from a control center 

The weather-sensitive portion of summer peak load 

Columbus Southern Power, sub-zone of AEP 

Load Management achieved directly by a signal from a control center 

Dayton Power & Light zone (incorporated 10/1/2004) 

Duke Energy Ohio/Kentucky zone (incoiporated 1/1/2012) 

Duquesne Lighting Company zone (incorporated 1/1/2005) 

Dominion Virginia Power zone (incorporated 5/1/2005) 

Delmarva Power & Light zone (part of Pepco Holdings, Inc) 

East Kentucky Power Cooperative (incorporated 6/1/2013) 

The combination of FirstEnergy's Jersey Central Power & Light, Metropolitan 
Edison, and Pennsylvania Electric zones (formerly GPU) 

The weather-sensitive portion of winter peak load 

Indiana Michigan Power, sub-zone of AEP 

Jersey Central Power & Light zone 

Kentucky Power, sub-zone of AEP 



METED 

MP 

NERC 

Net Energy 

OEP 

OP 

PECO 

PED 

PEPCO 

PL 

PLGroup/PLGRP 

PENLC 

PP 

PS 

RECO 

TOL 

UGI 

Unrestricted Peak 

WP 

Zone 

Metropolitan Edison zone 

Monongahela Power, sub-zone of APS 

North American Electric Reliability Corporation 

Net Energy for Load, measured as net generation of main generating units plus 
energy receipts minus energy deliveries 

Ohio Edison, sub-zone of ATSI 

Ohio Power, sub-zone of AEP 

PECO Energy zone 

Potomac Edison, sub-zone of APS 

Potomac Electric Power zone (part of Pepco Holdings, Inc) 

PPL Electric Utilities, sub-zone of PLGroup 

Pennsylvania Power & Light zone 

Pennsylvania Electric zone 

Pennsylvania Power, sub-zone of ATSI 

Public Service Electric & Gas zone 

Rockland Electric (East) zone (incorporated 3/1/2002) 

Toledo Edison, sub-zone of ATSI 

UGI Utilities, sub-zone of PLGroup 

Peak load prior to any reduction for load management, accelerated energy 
efficiency or voltage reduction. 

West Penn Power, sub-zone of APS 

Areas within the PJM Control Area, as defined in the PJM Reliability Assurance 
Agreement 



2015 PJM LOAD FORECAST REPORT 

EXECUTIVE SUMMARY 

• This report presents an independent load forecast prepared by PJM staff. 

• The report includes long-term forecasts of peak loads, net energy, load management 
and energy efficiency for each PJM zone, region, locational deliverability area, and 
the total RTO. 

• All load models were estimated with historical data from January 1998 through 
August 2014. The models were simulated with weather data from years 1973 through 
2013, generating 533 scenarios. The economic forecast used was Moody's Analytics' 
October 2014 release. 

• The forecast of the EKPC zone used historic load values that were re-calculated to be 
consistent with load on that transmission system. This led to higher peak loads for 
both summer and winter forecasts. 

• Table B-7 has been restmctured to provide load management detail by Demand 
Resource product (Limited, Extended Summer, and Annual). The previous B-7 detail 
(Contractually Interruptible and Direct Control) has been added to Tables B-11 and 
B-12, as it is required to be reported by NERC region. 

• The introduction of a binaiy variable into the load forecast model for years 2013 and 
2014 resulted in generally lower peak and energy forecasts in this year's report, 
compared to the same year in last year's report. PJM introduced this change as a 
short-term solution as it pursues its announced intention to better reflect usage trends 
such as adoption of more energy efficient end uses and behind the meter generation 
which are not currently captured in the forecast model. 

• The forecast of the DOM zone has been adjusted to account for substantial on-going 
growth in data center construction, which adds 150-730 MW to the summer peak 
beginning in 2016. 

• Included in the report is a second set of E-Tables (net energy), representing an 
alternative derivation of the forecast. This version incorporates a new specification 
that takes into account energy usage trends (changing appliance mixes, energy 
efficiency, etc.) based on Energy Information Administration information obtained 
from Itron, Inc. 



The PJM RTO weather normalized summer peak for 2014 was 156,140 MW. The 
projection for the 2015 PJM RTO summer peak is 155,544 MW, a decrease of 596 
MW, or 0.4%, from the 2014 normalized peak. The decrease is a result of the 
introduction of thq new variable to the load forecast model mentioned above. 

Summer peak load growth for the PJM RTO is projected to average 1.0% per year 
over the next 10 years, and 0.9% over the next 15 years. The PJM RTO summer peak 
is forecasted to beil71,580 MW in 2025, a 10-year increase of 16,036 MW, and 
reaches 178,052 MW in 2030, a 15-year increase of 22,508 MW. Annuahzed 10-year 
growth rates for inaividual zones range from 0.4% to 1.7%. 

Winter peak load growth for PJM RTO is projected to average 0.9% per year over the 
next 10-year period, and 0.9% over the next 15-years. The PJM RTO winter peak 
load in 2024/25 is forecasted to be 142,561 MW, a 10-year increase of 12,850 MW, 
and reaches 147,981 MW in 2029/30, a 15-year increase of 18,270 MW. Annualized 
10-year growth ratfes for individual zones range from 0.2% to 1.7%. 

Compared to the 2014 Load Report, the 2015 PJM RTO summer peak forecast shows 
the following changes for three years of interest: 
o The next delivery year - 2015 -4,716 MW (-2.9%) 
o ThenextRPMiauctionyear-2018 -4,351 MW (-2.6%) 
o The next RTEP study year - 2020 -4,152 MW (-2.5%) 

Assumptions for fliture Load Management (LM) have decreased from the 2014 Load 
Report (from approximately 12,400 MW to 11,100 MW). Energy Efficiency (EE) 
impacts have increased from approximately 900 MW to 1,200MW. Assumptions for 
both LM and EE aire based on Reliability Pricing Model (RPM) auction results. 

NOTE: ! 
Unless noted otherwise, ail peak and energy values are non-coincident, unrestricted peaks, which represent 

prior to reductions for load management or energy efficiency impacts, 
are calculated from the first year of the forecast. 

the peak load or net energy 
All compound growth rates 
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December 2014 Adam Ozimek, 610-235-5127 

Summary of the November 2014 U.S. Macro Forecast 

The U.S.ieconomy heads into 2015 in better sliape than in any of the first five 
years following tlie financial collapse. Real GDP growth has shifted into a higher 
gear recently; we are now in a 3% growth economy that will accelerate closer to 
4% for a; few quarters late next year. This is a meaningful improvement from the 
2% worlfj that has characterized the sluggish recovery, and the acceleration is 
mostly due to the public sector stepping out of the way. Fiscal drag—at both the 
federal ahd state and local levels—reduced GDP growth by riearly a full 
percentage point per annum during the 2009-2013 period. The 3% world would 
have been realized long ago if government had been even a neutral contributor. 

It is impressive that the economy was as resilient as it was given the 
unprecedented cuts. Federal employment declined by 160,000 and state and local 
governments shed 700,000 jobs. Direct government job losses were just the 
beginning, as the private sector felt shock waves from government shutdown, 
sequestration, and a debt-ceiling crisis. But fiscal drag has dissipated and 
government spending may even add to growth in 2015. The federal deficit has 
been reined in significantly and is now at a sustainable 3% of nominal GDP, so 
deficit hawl<s in Congress are not lll<ely to generate much support for additional 
cost-cuttiing in the near term. 

Deficits Return to a Sustainable Range 
Federal fiscaf yr budget baiarice. % or GDP 
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The private sector is also in much better shape. The labor market provides the best 
evidence that the economy Is off and running. Job growth is the best it has been 
since latel 2011 and shows no signs of slowing. The economy is adding upwards of 
225,000 Jobs per month In 2014, up from the ho-hum 200,000 rate that 
-prev-ailedlthe-last-few years.-Atthis-pace-, unemployment and underemployment 
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are rapidly diminishing. The number of long-term unemployed is now falling, and 
more part-timers are finding full-time jobs. Assuming labor force participation 
remains steady, as it has over the past year, the economy will return to full 
employment by late 2015. Although the slack in the labor market remains 
considerable, at an estimated well over 1% of the labor force, there are nascent 
indications of stronger wage growth. The employment cost index, arguably the 
most accurate measure of labor compensation trends, has seemingly broken 
above the 2% pace that has prevailed since the economic recovery began. 

Trend Job Growth Has Kicked Up a Notch 
Payroti Gmploynnent, change, ths 
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More jobs and stronger wage growth augur well for better consumer spending. 
Consumers have been careful spenders throughout the recovery. Saving rates 
have held firm, with the exception of the millennlals, who have recently begun to 
let loose. The stable saving rates are somewhat surprising given that stock prices 
are setting records and housing values have risen strongly. There has not been a 
discernible wealth effect. Despite the caution, consumers should increase their 
spending with any Increase in their incomes. Adding to consumers' purchasing 
power Is the sharp 25% decline in oil prices. If prices stabilize near their current 
level of just over $80 per barrel, which is expected, household energy bills will be 
reduced by close to $75 billion next year. That Is more than $500 In savings for 
each American household. Even assuming that only two-thirds of this Is spent, 
approximately a quarter percentage point would be added to GDP growth In 2015. 
There will be some offset to growth from weaker energy exploration and 
development, but this should be modest. Breakeven for most North American 
shale oil producers is closer to $75 per barrel. Prices would also have to stay low 
for much longer to convince these producers that the lower prices are here to stay 
and persuade them to significantly pull back on their investments. 
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Lower Energy Costs Will Free Up Spending 
% of consumption 
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The better job market also improves prospects for a revival In the housing 
recovery. Single-family housing demand went sideways the summer before last 
when fixed mortgage rates jumped on concerns that the Federal Reserve might 
wind down its bond-buying program. With unemployment still high and wages 
depressed, the higher borrowing costs undermined affordabillty. First-time 
homebuijers were especially put off, as they also grappled with very tight 
mortgage lending standards. More jobs combined with lower mortgage rates 
should priove a strong enticement to more homebuyers. Homebuilders also 
appear to be adjusting and are putting up smaller homes at more affordable price 
points. Mortgage credit is still tight, but it is slowly easing as policymakers work to 
bring down the regulatory Impediments to more first mortgage lending. This is a 
process ahd will take time, but it Is happening. 

Prospects for multlfamlly building are even better. The mlllennials are getting jobs 
and apartments. Rental vacancy rates are at 20-year lows, and at the current pace 
of construction they are set to fall further. Rent growth in much of the country is 
already strong and will accelerate. Capital is also flowing freely Into multlfamlly 
development. Everything suggests that more units will soon be going up. 

http://economy.com
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Risks to the U.S. Outlook 

There are some risks to the outlook but they appear less threatening than in 
recent years. Most significantly, the euro zone may be headed for another 
recession. Italy and France are contracting and even the usually robust German 
economy has slowed noticeably. Deflation Is rearing its head, which raises alarms 
not only for a recession but a prolonged secular stagnation. Fortunately, the 
European Central Bank has taken a more aggressive stance to support growth 
through bond-buying and low interest rates. 

The U.S. economy's links to Europe, while significant, are small in the broad 
scheme of things. Exports account for less than 15% of U.S. GDP, and U.S. exports 
to the EU account for about 20% of all exports. U.S. exports to the EU thus 
account for 3% of U.S. GDP. Even if the EU suffered a Great Recession-like decline 
of 5% in its GDP next year, the direct Impact on U.S. growth would be 0.15%. This 
clearly understates the fallout on the U.S. economy, but it highlights that it would 
take a very serious problem in the EU to hurt the U.S. expansion. 

There are many other clear threats to the U.S. economy. China's slowdown may 
prove trickier than anticipated, ISIS-spawned terrorism Is a concern, Russian 
President Vladimir Putin could double down in Ukraine, and the potential for a 
conflict with Iran over its nuclear program remains. And there is Ebola. But there 
are always risks, and in some respects the current ones seem less risky than those 
we have grappled with since the financial collapse and Great Recession. Of course, 
things could still go off the rails, but for the first time In many years it feels as 
though the U.S. economy is firmly on the tracks. 

Summary of the Forecast for PJM Service Territories 

The PJM service territory covers all or parts of 13 states and the District of 
Columbia, accounting for more than 52 million people, or about a sixth of the U.S. 
population. The regional economies of the service territory include metro areas in 
the Midwest, South and Northeast and run the gamut from highly diversified, 
large economies such as Chicago, to small economies that depend heavily on one 
industry, such as Elkhart IN. 

Overall, the dominant industry in the service territory is education/healthcare. In 
addition to employing the largest share of the region's workers, about 17%, it was 
one of the few Industries to add jobs during the recession. As a result, for at least 
the last decade, healthcare has taken up an Increasing share of the economy. 
Healthcare hiring has exceeded overall employment growth In PJM's service 
territory, but growth has fallen short of expectations. Slower than expected 
growth is the result of hospital cost-cutting and consolidation, both of which are 
partly due to adjustments required to conform to Affordable Care Act. Over the 
longer term, increasing demand from the expanding elderly population will 
support job gains. Consistent with the historical trend, education- and healthcare-
related services will provide a significant share of new jobs In the forecast period. 

http://economy.com
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Education/Health Will Drive Job Gains 
Employment, difference, ths 
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Sources: BLS. Moody's Analytics 
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On averajge, the concentration of manufacturing In the service territory is roughly 
In line with the national average, but more than half of the metro areas, mainly 
smaller old-line manufacturing localities in the Northeast and Midwest, rely more 
heavily on industrial production for growth. 

The resource and mining industry represents a small portion of the service 
territory's economy, but it has been a source of strength in recent years, especially 
In easterri Ohio and western Pennsylvania. As the industry has moved from the 
boom stage to a more mature growth stage, many of the gains have been realized 
already. It will remain a source of growth. 

While the public sector has a slightly smaller presence in the service territory than 
it does nationally, the federal government accounts for a larger share of 
employment. The public sector Is a pillar of the Mid-Atlantic and many southern 
metro ar«as In the service territory include state capitals, college towns and 
mllitary-ijellant areas. With federal budget deficits at 3% and the deficit forecast 
over the next 10 years Improving, the political pressure for austerity has declined. 
However! poor state fiscal positions in Illinois and Pennsylvania present a risk to 
the forecast for the service area. 
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Recent Performance 

The economy of the service territory is in its best shape since the financial crisis. 
Yet while conditions are strong, the estimate of GDP growth from the third 
quarter of 2013 to the third quarter of 2014 of 0.23% Is much lower than the pace 
of 2.45% expected in November 2013. Total employment growth of only 0.8% In 
the year to the third quarter of 2014 falls short of the forecast of 1.2%. Total 
employment is 121,000 lower than expected, with growth coming in at 0.8% for 
the year compared with the forecast 1.3%. Despite Its role as a leading sector, 
healthcare underperformed, as did leisure and hospitality. However, 
manufacturing has contracted less than expected and nonmanufacturing 
employment outside of healthcare and leisure and hospitality has grown more 
strongly. Real Income growth is stronger than expected as well; It will rise about 
1.1%, compared with expectations of 0.6% a year ago. 

Manufacturing was flat over the last year, first outperforming at the end of 2013, 
then underperforming for 2014. Manufacturing is an Important driver, particularly 
in many of the territory's Midwest metal-producing and auto-related metro areas. 
Overall, the sector benefited from robust growth In auto demand and 
transportation equipment manufacturing, which grew three times faster than 
forecast over the last year. Elkhart IN, for example, experienced fast growth 
because of Its recreational vehicle industry. 

Transportation and warehousing exceeded expectations and delivered fast growth 
over the last year. Low costs of business and good access to transportation 
infrastructure have helped Pennsylvania In particular become a popular 
destination for transportation and warehousing for companies such as Amazon 
and FedEx to serve the Northeast corridor. 

While some metro areas grew fast, others suffered job losses this year. The 
biggest losses were in Atlantic City NJ, where the casino industry has struggled 
under stiff regional competition, and Lynchburg VA, which Is shedding defense 
contractor jobs. 

The service territory added fewer jobs in percent terms than the nation partly 
because the low growth in government employment has disproportionately 
affected the area. Federal employment fell more steeply In PJM's service territory 
than it did for the nation. Federal government accounts for 3% of total 
employment, compared with 2% in the rest of the U.S. The concentration is, of 
course, much higher in the District of Columbia, Maryland, and Virginia. Moreover, 
federal workers earn more in the Mid-Atlantic than elsewhere In the country. 
Therefore, federal layoffs do more damage to incomes. In addition, local 
government employment grew more slowly in the service area than In the U.S. 
overall. Philadelphia had significant losses, primarily because of the Philadelphia 
school district's severe budgetary problems. Roanoke VA and Pittsburgh also 
experienced significant losses in local government employment. 
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Employment gains slowed this year in Pennsylvania and Ohio, which account for a 
substantial portion of PJM's customers. Ohio and Pennsylvania metro areas make 
up 20% to 25% of the territory's payroll employment. Ohio's recovery has 
moderated in recent months and Is lagging those of nearby states, but It is still 
moving in the right direction. The factory sector has led the way, driven by 
resilient Vehicle and machinery production. While it did underperform 
expectations In Pennsylvania, healthcare has nevertheless logged job growth In 
both states, as the area's fast-growing and larger than average elderly population 
fuels demand for nurses and healthcare technicians. Natural gas prices have fallen 
recently, ibut production costs in the region are low compared with those In other 
areas of tjhe U.S., so the shale industry should continuing expanding In the two 
states. I 

Near-Term Outlook and Changes to the Forecast 

The October 2014 regional forecast was generated in the context of the U.S. 
macro forecast described above. Changes to the near-term outlook for the PJM 
service territory are similar to those in the U.S. macro forecast. The recent 
performance was slightly weaker than expected, and while stronger job growth Is 
still expected, it Is arriving slightly later than expected. As a result, the forecast 
has beenjlowered for the next few quarters, but raised starting in the end of 2015. 

Manufacturing is an area that outperformed expectations, and the outlook has 
been raised. Manufacturing employment grew an estimated 0.2% since the third 
quarter c|f 2013, beating expectations of a 0.2% falL This is the beginning of a 
short-term rebound in manufacturing that was not expected to start until early 
2015, and will It continue through 2017 before returning to secular decline over 
the long term. The outlook for transportation and warehousing has been raised 
given the recent outperformance. Real GDP in the service territory Is forecast to 
rise 1.9%j over the next four quarters. Last year, output was projected to grow 
3.9% in tjhis same period. The forecast calls for employment In the service 
territory ^o Increase 2.2% In the year ending in the third quarter of 2015, down 
from thelprevlous forecast of 2.4%. In the year ending In the third quarter of 2016, 
employnient will grow 1.8%, up from the previous forecast of 1.5%. 

All In all, [the service area economy is expected to have a jump in growth in the 
short terfn, but this jump will occur slightly later than had been expected a year 
ago. The positive short-term outlook mirrors the U.S. macro forecast. Over the 
past yean, the service sector has fallen short of expectations. Service growth will 
accelerate in 2015, and as the delayed growth peaks at the end of the year, the 
service ai[ea will finally outperform last year's forecast. 

10 
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Long-Term Outlook 

The October 2014 forecast for long-term GDP growth In metro areas In the PJM 
service territory Is relatively unchanged from November 2013. Growth is up 
because of improved population, but this is partly offset by weaker household 
growth. The region's aging population Is likely dampening the latter. 

Population Projections Better in Long Run... 
Popufatlon forecast. % ctiange yt ago 
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For the metro areas in the service territory, the October 2014 forecast is for 
population to expand 7% between 2014 and 2028, up from 6.7% in the 
November 2013 forecast. In the short run, the population forecast has been 
revised down. This will mean 30,000 fewer residents in 2017. But growth will 
accelerate and as a result the forecast population will be 60,000 higher by 2022, 
and 180,000 by 2029. 

Nov 2013 

...But Household Growth Weaker... 
Households Forecast, % ctiange yr ago 
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Stronger population growth does not translate Into more households, as the 
headship rate is forecast to fall. By 2029, population is expected to be 180,000 
higher than expected a year ago, while the number of households has been revised 
down by 120,000. Asa result, real GDP growth will be largely unchanged in the 
long run; averaging 1.6% from 2016 to 2029. 

..Jmpact on Output Growth Is Mixed 
Real GDP growi^i in PJM service territory metro areas, % change 
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Overall, the long-term GDP forecast has not been altered substantially. The PJM 
service area will underperform the U.S., with average annual real GDP growth of 
1.6% from 2015 to 2029, compared with the U.S. average of 2.2%. Relative to last 
year, long-run average annual U.S. GDP growth has been revised slightly higher 
from 2%, while that for the PJM service area is unchanged. 

The southernmost metro areas are expected to be among the fastest-growing in 
the PJM service territory. The biggest comparative advantage for these areas is 
their favorable demographic trends, which will help boost overall final demand. 
While the long-term forecast Is weaker, in-migratlon and household formation 
will rebound in 2015 and will drive growth in consumer-based services such as 
education/healthcare and leisure/hospitality. In the long run, Virginia metro areas, 
Including Lynchburg and Richmond, as well as Bowling Green KY, are expected to 
lead with average annual real GDP growth of 2% or more. Relatively low costs will 
buoy growth in these metro areas. Large metro areas including Chicago and 
Baltimoi'e and metro areas in the Mid-Atlantic, Including Washington DC and 
those In Delaware, will also outperform the rest of the service area. These metro 
areas will be driven by highly educated labor forces and productivity growth as 
well as their demographic trends. 

12 
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Stronger Demographics Benefit the South 
Avg annual fiousehoid growlh from 2015 to 2028, % 

U,S.=0,8% 
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ffl<0.3 

Sources: Census Bureau, Moody's Analytics 

Metro areas in Ohio, West Virginia, and parts of Pennsylvania will expand more 
slowly. Expansion In those states will be more restrained as the region transitions 
away from manufacturing toward more service-oriented economies. With lower-
value-added services accounting for a larger part of the regional economies, 
income gains are expected to be more restrained. Weaker demographics will also 
undermine long-term growth, as workers and their families are expected to seek 
opportunities in stronger labor markets outside of the slow-growth metro areas in 
the Midwest and Northeast. Of the 10 areas with the weakest Increases in the 
number of households, seven are in Ohio and three are in West Virginia. The 
number of households will decline in just three areas, all In Ohio: Youngstown, 
Cleveland and Mansfield. 

The Service Territory Will Underperform the U.S. 
Avg real GDP growth from 2015 to 2029, % 

U.S.=2.2% 

B 2 or more 

• 1 10 <2 

B < 1 

Sources: Census Bureau, Moody's Analytics 

13 



ouNviiv-aiw md 

3iiHViLV-om N^aHinos w 

o 
3IiNVlJ.V-aiW Î >I31SV3 ^ 
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oo* so" os' Tj-' r^* ro* —•" —" 

i n 
i n 
O s 
I — " 

o 
^̂  o_ 

i n 
r -0 0 
0 0 
i n 

i ^ 

,—, o 

CO 
r f 
o 
so' 

CO 

o 1 ^ 

t -
so 
oo 

.—' 

o 
so OS 

fN 

r-_̂  
CN' 

^ 
CN 
C s 

CO o 
CO (N 
C3S so 

i n — 

i n —I 

in ~ 

r r so 
so CO 
CJs o 

CN O s 
i n s£ ) 
00^ i n 

-* i n 
CN 

O r o 
0 0 —. 
0 0 C s 

r~ — 
so ro 
oo — 

f N 
OS 
O s 

O S i n 
(N oo CO O s 

t— so 
CN O 
00 in 

— ^ • T r o s o o r — —^CN 
OOOOrOU-iTfOOTfCN 
o o r - o ^ T i - s o o s ' o 
r--' so* c3s' Tf' CN" CO' --" —" 

O Tf 
OS in 
t~- so 

i n —I 

in o 
O r -
CO so 

r - r - c N i n c o - ^ t — 00 
t~-t— OS — ^ o s i n c N O 
s o ^ o s o o r o s o o s s o ^ 
r-' so" 00* ro' CN' ro' —•' — 

in — 

ro <N 
O CO 
OS, Cs^ 

ro —'ro' 

^ H ii 
O, c/̂  00 2 >" O 
PJ CL, i- O < UJ 
< < < U Q Q 

U 

.—, 
z" 
Di 
PJ 
t-
cn PJ 

? Z 
• D i 

C 00 
00 t d 

PJ ^ 

> S 
Q 2 

o 
Q 

- 1 

< Z 
o o 
PJ 

Di 
OJ 
H 
g 

1 

PJ ^ 

>S 
Q 2 



• C s r o < N r - - r - l s o — r— r o O t ~ ^ s o 
Z s o O - ^ - 3 - r o O O — C N C O C N -
< ' ^ , ' ^ , — , ^ P ' ~ i OS, i n _ co_ o _ Os_ so_ 

i _ ; i i n r O O s s O r O s : f G O i n o O t ~ - C O ' : f 
t ^ - ^ - ^ r o r O T f i n i n ' n - r r r o r o - ^ 

ft- < 

u 
z 
< r o c 3 s O - T r C s O s — O - ^ C O T f c — 
_ j r - - o s c N O O ' — — — c N s o i n o o o o 

- ' • - ' — • • ^ t ~ - s n c N i n i n r s '— ~„ 'H P 'H P 
' . - • so " • * * d r~-* 
^ - ^ T f -Tl- CO 

H 
Z 
< o 
J r o _ 
r ; c o a s i n r - - r - - r - - r o O s o — o i n 

> 
H 
^ _ t N r - - s o . . ^ • ^ — _ 
( S ^ r o T r u ^ 5 0 [ ~ . . r o c o r o O r - - O T 
r ^ O S ' ^ - ' t ^ C ^ , , ^ - . [ - . . , / - v l r ^ s _ . . . v s i r - , 
W so cTs — CN CN 

y ^ • ^ CN 
Q ; m OO : ^ ^ 
, , T f m s o — 
t a SC r - ^ ~ ' 
la^ — CN CN 

r - r - i n i n c o ' - ^ s o 

— ' • * —I CN 
o o r - - c s i n r o — ^ c N - a - s o c N 

' O ' n T t o s o s ' n s o i n c o r o c N t r 
" ^ . - r - i n s o o o ' • T T S J O 

r S ^ O T T S O O C N r - S C — T T C N O S 
^ o o s t ~ - i n i n c o o o o r - - s n t ~ - o s 
3CN 

O c N CO r~- CO CO i n 
< o Os t - - i n i n o o 

3 CN 
0^ i n i n o O C D > n l - - ( N f N r o t ~ - i n c N 

o c s t — s o i n c o o o r - i n r - o 
2 C N — — — — — r - l — — CN 

i n 

CO 

z 
O 
O 
td a 
u 

> o 
S o 

2o 

^3 
^ 
H < 

X 

o < 
t d 

-^ [-J ,—' ^_^ I N •—' SA.; 1 1 J ^ CJ <'J '— 1'J 
w J c N r N c N c N r o r O T j - r o r o c N c N c N 

i n r - T f O c N — X — o o o i n s o 
; n s o o s r - - r - - i n i n r s ( Z J r - - i n r > o o 
ft- ' ^ , ' H , ' ^ ^ ' -^^ •"%, " * , •• ' ^ . " * , ' " i , ' ^ . , ' ' ^ , 

so' so' in" in" r--' os' P cs' co' si:̂  ih' ŝ T 
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CN" t--" Tt' t--' co" 13s" ro' C--' I--' —' 

c o C T s c o f N O a s o s s o i n c s i n i - - -
f N i n o o c - - i O T t r o — — o s o — 
OS, oo_̂  in, o , CO, sô  CN, CN, oo, ro Tt cN 
CN' t--' Tt" t--' ro' o" ro' r-' r--' —" 

^ O ' n r 0 C N S 0 C N T t I - - C T s T t s D 
•— C D i n c N t - - 0 O — ' O O s D l n s D —' 
CTs^ oo, in, O , CN, in,̂  CN, —^ f~"„ t ^ "* ' ^ 
c N t - - T t t - - r o C J s r o t - - ^ t - - . - ^ 

o O m i n T t r o o o s o r o s O D — Tt 
C ? s c O O s o r o O s o — t o o s s o — 
00, r--, in_̂  CJs, [N, in_̂  ^ """̂  """̂  ^ "^ ' ^ 
c N t - - - T t S D r o C J s r o r - - t - - . - ^ 

S O O C O O O O S t - - O C N C N — s o r o 
O O S D S O r o c O O r o ( - - r O i — in —' 
°°, so_̂  •*, oo_̂  —, •^, —, O , so_̂  — Tf CN 
CN' t--̂  Tt' so" ro^ CTs" ro" r-" r-^ .-^ 

r - - O s s o s o r o f N i n O r O D s O s — 
sO — ^ r O T t s o i n C s T t o o r - - i n —' 
OO, so, Tt, OO, —, CO, o, o , in, o Tt CN 
CN' r-' Tt" so' ro' CTs" co" r-" r--' —" 

O so 
r- o 
Os CN 

so — 

so 
in 00 

Tf 

Tf 
TT 
00 

OS 
ro 

'—' 

so t--
ro CO 
r- o 

so — 

oo Tt 
ro —1 
— in 

in 
so 

in Tt 
t— r-— o 

— CN 
—1 ro 
so O , 
ro" oo" 

r-- ro 
^ CO 
in as 

so — 

ro O 
so CN 
ro Cs 

so — 

r o i n o o t > o o s o a s — r - - tn^CTs 
• ^ r o o s r - - - r o i n c o o D s i n o 
c o i n r o l - - — ^ c N O O i n o s T t c N 
CN' r--' Tt" so' ro' t3s" ro ' t--' t--" o " 

so SD 
in — 
CJs t--

s O i n C s f - - —' — . T t c o i - - - r - - c o t - -
O C O C N I - - C - - — O T f — o o i n o 
O O T t r O S O O - — O C J s T t p O T t C N 
CN" r-* •^" so ro' 6s" ro" so" r- ' o ' 

o 
M y o 
P-. oi ID 

p 
Z < 

-d 

a y 

^ ft-
< oi 
^ O 
PJ -d 
U-. Cu 



CO i n Tf - ^ 

ro so 
so 00 
so Os 

r O T f c O f O t ^ r o C N C S 
T t T f i n c o c J s o o c N f T s 
c-^ Tt^ so, [--•, CN, Tt^ Tt_ CO, 
\r~ o ' T t ' oo" T t ' so" co' fN 
CN — —. CN 

00 — 
so so 
i n — O , Tf, 

ro 00* 

r - - f o o o t N — ro -< tCTs c N i n 
i n T t o c - i i n c o o r - s o - i r 
o r o s o i n c N ' t ' ^ c o ^ s o c o 
r - - C D T f o O T r s O r o t N so" 
CN — — CN CJs 

CTs-*Tt — oo — i n o i n t - -
i n T f T t T t o s c o c o i n i n T t 
co^ tN_̂  i n , fN , —_̂  ro^ ro , co, so i n , 
so" o " T t ' co" T t ' so fo" tN i n " 
CN —' —̂  fN CJs 

Tt i n 
o ^ i n 
ro" i n ' 

r o T t — i n T t o o o r -
i n i n c j s s D i n c o s D c o 
s o — T t o s — r o c o r o ^ 
so" o ' Tf* i-^" Tt* so" ro" ( N ' 
CN — — CN 

o 
H 

ai 
a 
z 
< z 
o 

aiO 
2^ 
^ x 
O f t . 
- 1 < 

•ji ai 
So bJ o 
ta t d 

^ o 
^ t d 

« z 
a i N 
S z 
? ai 
b w < X 

p j O 

td s 
^ 2 
X Q 
t d z 

a : < 
w z 
^ t d 

3 c« 
! / ) t d 

r o 
O 
fN 

IT) 
r—1 
f N 

O O T t O s C T s C N O s O C T s 
r - s o c o o o — s o i n ^ 
Tt O Tf so —_̂  fN_̂  r o rr^ 
so' o Tf r-' Tt" so" CO CN" 
rN — — (N 

— i n f N ( - - T t C N C T s c o 
s o s o s o m s o c N C N C T s 
C-1, Cs^ ro_̂  CO, CD, CN, rO_̂  f-J, 
SD"CS T t ' c - ^ T t s D r o c N 
IN — CN 

o o o r - - T t c N < ^ — t--
a s t - - c J s i n f N r - - — ^ r -
C D O D ^ C N O C D — rOC-)^ 
s o ^ C T S T t r - T t s O r o c N 
CN — CN 

c^ r-- so , - . _ . - CTs CN (N r~ 
— C - - T t s o t ^ r o C T s i n 
CTs (--, CN, r--, Os_̂  —, CN, CN, 
i n " Cs' Tt" so* co" so' ro ' cN* 
c-1 — r-l 

O s c o r o c o s o — — CO 
O O O o o i n c N t ^ r - r o 
r- so, —^ Tt , as_ o__ CN, cN, 
i n ' o s T f s o c o s o c o c N 
CN — CN 

r o r o t ^ - s o O s s o ( - ~ 
r o C T s r o c j s c O i — i n - — I 
i n in_^ —, —-, 00, O , (N, cN, 
m C s T t s o r o s o r O c N 
CN — CN 

f N t - - o o r N t ^ s O t ^ s D 
i n O O t ^ r O T t s O f O C T s 
r o ' T O C T s c O C T s f N - -

r o t ^ 
CO OO 
so O 

CO 
CO 
CN 

— 00 
m m 
o ^ r -

Tt Os 
i n CTs 
m CN 

CN so 
Cs — 
in in 

fN 
CJs 

so — 
CN Tt 
so [^ 

— CO 
t ^ 

ro 
IN 

r^ 
so 
ro 

ro in 

~. "̂^ r o CTs' 
r -

ro oo 
Tt so 
OS — 

— CO 

oo T t 
as ro 
m (N 

00 r^ 
c^ — 
"T so 

00 — — 

m CTs 
so in 
oo, in 
CN'SD" 

in so 
CJs so 
OS in 

r - ^ • 1 
OO a s 
—. CO 

i n OS 
CN 

i n s o 
CN o 
O CO 
i n CTs 
f N 

O t ^ 
0 0 CO 

!-- —̂  

-̂  t N 
o 
T t 

t > 
so 
CTs 

r o 

-̂  
OS 
r -
oo 

so 
CN 
so 
i n 
CN 

i n 
i n 
CO 

i n 
f N 

T t 
0 0 
Cs 

.—, ,—. oo 
CO 

<N 
t---
[--
r o 

CJs 
O 
c~-

as 
CN 
CJs 

i n 

so 
CO 
CO 

i n 

CN 
CN 
oo 

CTs 

r - l 

CO 

O 
O 
CN 

CO 

o 
i r~ 

oo 
t-~ 

CN 

oo 
i n 

,—. CN 

m 
r O 

•-̂  

r o 
CO 
• * 

C -
oo 
i n 

1 

i n 
i n 

r o 
[ ^ 
oo 
oo 
CO 

CN 
oo 
o. 
oo" 
oo 

i n 
, r 

— 

t - -

CTs_ 

.—, CN 

t - -
SD 
i n . 
, — 1 

CN 

CJS 
CO 

r - o 
oo — 
t-~, o 
CN CN* 

t - -

m oo 
^ T t 
O , CO, 
CO o " 

r~-

CN ( ^ 
CN CN 
o o i n 

T f C i r O ' T r o i n c o c N CN 00 

Tf — O s s o s o — O S T T 
s D i n t - - o c N T t c N O 
T t O t ^ i n s o t ^ — —-

CO [̂  
•O CO 
in CO 

UJ P 

UJ o. h- O < PJ 
< < < CJ Q Q 

O U 

D td 

i 
[^ 
in 
PJ 
& Z 
i ci 
^ H 
E in 
m PJ 
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p sô  fs]̂  fN_ in, oc CO CO CO <t CJS 
ro ro ro ro CO ro ro^ ro" r--r ro' ro^ 

^ O c N r o r o — O - D — ^ c N i n — rO 
• f s s o r o — t - - T f T t — — r o C T s O t 
l a J r - i ^ c o c o r o i n O s D i n i - s i n , p — 
J , i n Tt Tf Ti^ Tf" i n in^ i n Tf' Tt Tt i n 

ta 
s O s O s o s o s O s O s o s C s O - O s O s O 

' J — c o o c T f T f t N O i n o o T t c c o o 
- ' t i n c N i O s D r o r o O C s — ^ r - - t - - — 
t d r o c O C T s T f s O ^ ^ r - ' i n C C s o s o c N 
,•'i i n Tt t Tf" Tt" li-T i n " i n ' t " t ' - t f i n 

r - - i - - r - - r — i - - [ - - r - - t - - [ - - i - - ( - - r - -

o o o o o o o o o o o o 
C N C N l N C N C N C N t N C N C N I N C N C N 

c j s f a t > - c - ^ aa a. -ri. > o ^ s t i 

O ^ O I O O ^ C D C > O O O C D 
( N C N I N C N I N f N f - l l N l N r - l l N t N 

•7= oa Q. r > O 

<; c/j O 2 Cl 5 -o J3 2- S 5 
-. p. S < S 

o o o c j o ^ o o o o o o 
C N t N C N C N I N f N t N C N r N f N t N l N 

j:: >- = -= t y ) a . r ; > y < !^ O 2 Q £ 'u i2 a. & 
- p- S < S 

<; CO O ^ Q 

o 
-) 
:= tc 

ft-
W) 

c 

n< 
O 

0-, 

N 
o 
- I 

/, tq 

• o 

Q 
H 

>' 
.-1 
C 
( ) — J 

S 
o 

>..« 
< • 

U.' 

p-

> 1 

E 
H 

CO 

s 

td 
c 

- • " 

^ 

"O 

o 

tc 

o 

HI 

X 
l U 

> 
l A 

1-
o 

z z 



CD t o o o o o o o ^ o ^ i o o o o o 
o o o o o o o ^ ^ o 5; p p p p 

• - • r - - r - - r - s b i - ^ t - - ^ r - s D ( - - s o ' [ - - s o r - c - - c o c - - o o 

~ o o o o o o 
g p ^ t o o p 0 

O O O O O C J O O O O 
o i o c j o o o o o t o o 

O S C J S t O O s C T s C s ^ C J s O s ^ O s C ^ C s O S C J S O s C J S 

CO CO o o 
CTs tjs CN p t ^ u s C N ^ ^ ^ CN 

CJs . CN f - l ' ^ 
f_j — ;JS iJS - — ' „ t N f N 0 0 

< CSI 

a ^ 

5l-§ 

so 3 

"sJ 

ta • 

3 S — 

£p M si) 

< < ^ • 

^ > • > • < : 
t= tc p 

- o - o . S . ^ e 2 

S 3 3 CTs „ > 

5P 60 UJ " - 3 

' ^ 
l l l l 

i H dJ !>' -^ 

S 2 - CN ^ 2; 
o CD o o 
CN ? 5 CN CN CN o 

~ > - - ^ c 

to 

• § 1 
c ^ 
o ^ 

"^11 C3 

fS H fS 

Os CTs p 
r o 
O T f 

: 5; ?N o " ^ f̂  o 
c o ' ^ 
CN r ^ 
g - , f N 

ra 3 £ 

td 

D 
I i 
- f 
td 

1, 

£? 

IB 

, 
TD 

,. i n 

?-s 

I - -
t N 

c 

53 

CN O 

I N CN 

i n 

^ s 
o o 

t o I N 

^.^" 

Cr o 
9 =̂  
P CN 

r - l 
"J 

Q 

-S ^ 3 S-5 
S F 

It 
3 " C 

S . 0 

s ?-, 

^ ' S 

!L' ta ;^ 

OS o 

§ ^ 
CN C-l 

so" • ^ ' 

o 

5 r:i 

CN o 

CO 
b 

u. >; s 

. 0 

E 
ta o 

I ^ b w 

! :2 T t 

; Q > ; • 

O " ^ 

t = H 

ta 
ta 

p 
S ^ O s — r O C T s O r o C J S O s s o c C O s o c o s o c o c j s c N 
" c o f N O c N r o r o — • O s c c o ' s o i n o o s o c N r o C D 
C J — t o o c o s o o c N H „ c s t ^ c o o s i n p - - ^ T f _ ^ — ^ p ' t , 
" T r o ^ — T - ' o ^ O ^ i / ^ C T S i n s o — ' t o i n t - - i n o o cis —• 
- S r o T f r o i n i n t r r i i n s o s o i n T t i n s o i n i n T t 

in 
t d 

Z 

< 
t d 
ft. 

o 
r - CO 
[ J CN 

5 S 

0 0 0 0 — — C N C - - T f r O C J s f O — S O O O O T f s O 
( - - r o i n C N t - s i O S D O r o - c N r - - r N f N f N T t 
O T t O C N C J s r o — t - - ( - - r O O c N c N T t l > r - . 

< 
t d 
ft. 

ta 
< 
U 

I? 
O 
Cii 

o o o . o c D O o i n i n o 
s O O O C N r o C T s s O r - t C O O O t 
rN_^ CO CJs, T t r-^ p i n , t N , — , — , 
c N c i ^ i n l s o ' c N r o r o T t i n s o 
i n i n i n r i n i n i n i n i n m i n 

^ l O O O O O o o o m 

•ns 

% 
a 

& 
t a 

•fe 
,> 

o t N CN » o CN s o i n i n •— CO 
Cs i n o t N i n s o i n t ^ 1 - - — 
i n s D r o i n r o s o c N t N t - - T t 

so' 00' CJs' OS* CO* o " o " —' CN" Tt' 
m i n i n i n i n s o s o s o s o s o 

c N T t T f — s o f s - o o o 0 0 , T t 0 0 • * i n O T t t - -
CTsOOsosOr--CT-'(--CN — CD r o CJS s o s o —^ CN 
CTsCTsOSOinCT^SOfN SO'OS T t Os CN CTs T t t--

o c r < o ' c - - r c s r r o ^ T t i n i n s o s o T t r - J r o f N C N — 

O C O s O s O S O s C s C s C T s Cs'CTs CTs CTS CTs OS Os Os 

(N — s o - ^ O s D c N i N T t r O 
— i n s o o s ^ — — r o O T f 
i n c j s T t c N r o i n c N — o o t - -

T t l > C s O — s o O O C T s T t s o O T f c O c o s O f N 
O — t - - l - - O s O t - - C T s O o r - . — f N s D T f r o o O 
p r o , CN, CN, Tt_̂  t--_̂  CO, p — , fN^ Tt, i n , 00, CN, O , O 
P-." Os' — * CN" IN" CO" Tt" T t ' s o ' r -" s o ' r o ' — " CN" CN" — " 
C O O O C T s C T s C T s O S O s a s a s O S O s C T s C T s C T s C T s C T s 

^ 

-̂  

a 
s i t 

0 

c 
0 

• u 

. i i 

, - t 

K 

H 
1-

£ 
"̂  
<t 

g-s 
s 
00 

F̂  

s 
>s 

_a 

u 

ta 

0 

fO 

• c 

& 
c 
3 

n 

S 

n. 
Ss 

. 0 

•s 

3 
0 

g 

• U 

« 
E 

1-

o. 
F 
t j 

PJ 

-a 

t d O s c J S O O O O O O O 0 . 0 0 0 0 0 0 0 
s ^ — — C N t N t N C N C N C - l f N C-JiCN CN CN CN CN CN CN 

^ 0 0 Os <-> 

• < CJs OS O 

td p ; TC Cs 
>< iCTv l3s CJs 

— r N r O T f i n s o r - o o C T s O - c N r O T f 
O p O O p p p p p — — — • ' 

£-2 -^ 

H 

> T3 

(c: 

X I 
• a 

p 

a 
_̂ 
E 

Z Z 2 < 



o p i N < ~ i t ^ c - i o c o ' ^ — p 9 o ' ~ - : ° ^ ^ 
c : J c o r - i O r r i O ( s i c o C N T t — ' n i . 0 - 7 - 7 ' 0 

" -^o 

o 
td 
Z 
td 

— f N T f — ^ O c O t - - r o C J s t N c o r o s o s o c j s T t 
i n m T f T t o c j s i n i ^ O o o C T s o s t ^ s o - 00 
i n c S c N i n r o s o c N ^ o c i ^ i n , c - - C D s o i n r o c N " ^ 
00" c5* so" Tt' r-T o " ^ " CN" CN" in* CN" O ' CTS" in ' —" Tf* 
— T f i n m o o c o C T s c N ^ r o i N o o — ' O O s O s 
t - - r ^ i > t ' ^ r - t - - t ^ o o c c o o c o r - - o o o o [ - - r - -

oi < 
td > 

o o O s C D — i C N r O T f i n s o t ^ o O c T s O — ^ c N r o 
C J S O S O O O O C D O O O O O — — — — 
C J s C T s O i O C D O O O O O O O O O O O 
— — C N I N t N C N C N f N t N C N r - l C N f N C N t N C N 



o 

« S" 
s ^ i - - T t c N O r o — — CN — O c c o c c N i n - r o O r o O r o 
m 

fN 

> V) t - - T t r O — T t c N i N r O - © 0 0 0 0 Tt O CO O Tt O 

> :i2 c j s s o s o c N i n i n T t i n r o r - J O O T t ( - - r o i n — i n c N i n 

O O 
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