








Regression Analysis

R² 0.892
Adjusted R² 0.887 n 92

R 0.945 k 4
Std. Error 0.007 Dep. Var. OfficeAnnual Percent Change in Total Stock 8Q Lag

ANOVA table
Source SS df MS F p-value

Regression 0.0379 4 0.0095 180.23 3.16E-41
Residual 0.0046 87 0.0001

Total 0.0425 91

Regression output confidence interval

variables coefficients std. error t (df=87) p-value
95 Percent

lower
95 Percent

upper VIF

Intercept -0.0175 0.0021 -8.157 2.37E-12 -0.0217 -0.0132

Annual Percent Change: Money Stock: M2, (SABillions $) 0.3115 0.0295 10.566 2.85E-17 0.2529 0.3701 1.294

Annual Percent Change: Employment: Financial Activities, (Mil., SA) 0.3440 0.0491 7.001 5.05E-10 0.2463 0.4416 1.272

Annual Percent Change: Commercial & Industrial Loans, (Bil. $, SA) 0.1021 0.0137 7.469 5.85E-11 0.0749 0.1292 1.329

CPI ex. Food & Energy 0.4166 0.0434 9.606 2.58E-15 0.3304 0.5028 1.266

1.290
mean VIF
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Multiple Regression Analysis

Using the above correlations and single variable regression mod-
els, we now develop a multiple variable regression model for
office development using several of the most promising variables
from our previous analysis. We use a variance inflation factor
test (VIF) to determine if there is any co-linearity problems with
the regression model. Co-linearity can cause problems in over
fitting the model to the sample data but make it less generaliz-
able to other data sets. Since the objective is to create a model
that will predict development in the future, we have developed
models that do not exhibit co-linearity concerns as judged by the
low variance inflation factors.
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The multiple variable regression model produces a relatively
good result with low co-linearity and an adjusted R squared of
88.7 percent, meaning that the model explains approximately
88.7 percent of the variation in the dependent variable, in this
case change in office stock eight quarters in the future. The
model is based off of the time period 1981Q1 to 2003Q4 for the
independent variables and 1983Q1 to 2005Q4 for the dependent
variable. The model test data starts in the first quarter of 2006
and runs through the fourth quarter of 2009. Based on this
model, the current changes in the economic independent vari-
ables in the model are predicting office stock to grow at between
2 and 3 percent through 2008, and then moderating to approxi-
mately 2.5 percent in 2009.
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Warehouse Model

The correlation matrix for warehouse produces some significant
correlations at the four, six and eight quarter lagged time periods.
Of particular significance are median household income, money
stock and several of the employment indicators for different
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Correlation Matrix
Warehouse Annual Percent Change in Total Stock

Quarter Lag of Development Variable

Economic Independent Variables 0Q 4Q 6Q 8Q 10Q 12Q 14Q 16Q

Annual Percent Change: Total Population (Mil.) -.656 -.678 -.665 -.624 -.554 -.464 -.353 -.226

Annual Percent Change: Gross domestic product, (Bil. 2000 $, SAAR) -.090 .314 .464 .490 .406 .270 .126 -.013

Annual Percent Change: Money Stock: M2, (SA Billions $) .748 .693 .656 .627 .587 .531 .467 .388

Annual Percent Change: Commercial & Industrial Loans, (Bil. $, SA) .510 .670 .680 .668 .654 .604 .515 .411

Annual Percent Change: Real Estate Loans, (Bil. $, SA) .425 .431 .361 .239 .097 -.039 -.174 -.319

Annual Percent Change: CPI .505 .348 .215 .083 .019 .028 .103 .207

Annual Percent Change: CPI ex. Food & Energy .600 .418 .283 .166 .129 .162 .240 .321

Annual Percent Change: Consumer Confidence Index -.115 .147 .319 .426 .459 .437 .392 .323

Annual Percent Change: Median Household Income .518 .705 .699 .651 .593 .521 .426 .324

Nominal Change: Interest Rates: 10-Year Constant Maturity Securities, (Percent P.A.) -.051 -.008 .014 .013 -.000 -.014 -.028 -.041

Nominal Change: Interest Rate Spread: 10 Year Treasure less Fed. Funds Rate .156 -.003 -.085 -.094 -.039 .015 .056 .080

Annual Percent Change: Employment: Total Nonagricultural, (Mil., SA) -.049 .344 .448 .441 .339 .190 .032 -.115

Annual Percent Change: Employment: Natural resources a Mining, (Mil., SA) .062 .086 .020 -.073 -.124 -.099 -.044 .015

Annual Percent Change: Employment: Construction, (Mil., SA) -.112 .322 .475 .531 .480 .355 .199 .046

Annual Percent Change: Employment: Manufacturing, (Mil., SA) -.119 .240 .338 .338 .272 .178 .072 -.046

Annual Percent Change: Employment: Trade, Transportation & Utilities, (Mil., SA) .080 .467 .580 .594 .516 .377 .218 .063

Annual Percent Change: Employment: Information, (Mil., SA) .019 .299 .333 .291 .196 .070 -.059 -.160

Annual Percent Change: Employment: Financial Activities, (Mil., SA) .457 .638 .655 .623 .567 .495 .406 .291

Annual Percent Change: Employment: Professional & Business Services , (Mil., SA) -.046 .297 .394 .408 .356 .270 .169 .066

Annual Percent Change: Employment: Education & Health Services, (Mil., SA) .162 .236 .231 .150 .023 -.101 -.193 -.257

Annual Percent Change: Employment: Leisure & Hospitality, (Mil., SA) .018 .374 .485 .509 .435 .301 .158 .025

Annual Percent Change: Employment: Other Services, (Mil., SA) .492 .647 .663 .605 .475 .309 .159 .026

Annual Percent Change: Employment: Government, (Mil., SA) -.150 -.094 -.101 -.170 -.319 -.503 -.656 -.730

Annual Percent Change: Employment: Office-Using, (Mil., SA) .081 .427 .505 .497 .426 .321 .201 .079

Annual Percent Change: Population Cohorts: Age 20-24, (Mil.) .079 -.025 -.088 -.134 -.147 -.125 -.075 -.013

Annual Percent Change: Population Cohorts: Age 25-29, (Mil.) .595 .660 .696 .724 .751 .779 .787 .753

Annual Percent Change: Population Cohorts: Age 30-34, (Mil.) .535 .388 .275 .144 .040 -.019 -.016 .022

Annual Percent Change: Population Cohorts: Age 35-39, (Mil.) .318 .298 .284 .280 .305 .345 .370 .375
Annual Percent Change: Population Cohorts: Age 60-64, (Mil.) .279 .265 .261 .260 .257 .256 .248 .228

Time Period: 1981Q1 - 2003Q4 92 sample size

± .205 critical value .05 (two-tail)

± .267 critical value .01 (two-tail)
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industries. Median household income may be highly correlated
with warehouse development due to increased storage require-
ments for goods as demand for goods increases with income.

The best single variable regressionmodel is population growth of age
cohorts from 25-29 with an R squared of 61.9 percent and median
household income with an R squared of 49.7 percent. This model
predicts that a one percent increase in median household income
leads to a 0.3814 percent increase in warehouse stock four quarters
in the future. Other models with high predictive ability are total popu-
lation growth, money stock, commercial and industrial loans, and
employment growth in financial, government and other services.

Summary of Single Variable Regression Models: Warehouse Percent Change in Total Stock

Independent Economic Variable R Square Intercept Coefficient

Lag of
Dependent

Var
Annual Percent Change: Total Population (Mil.) 0.459 0.0785 -4.8575 4Q

Annual Percent Change: Gross domestic product, (Bil. 2000 $, SAAR) 0.215 0.0178 0.2588 8Q
Annual Percent Change: Money Stock: M2, (SA Billions $) 0.481 0.0097 0.2740 4Q

Annual Percent Change: Commercial & Industrial Loans, (Bil. $, SA) 0.462 0.0195 0.1175 6Q
Annual Percent Change: Real Estate Loans, (Bil. $, SA) 0.186 0.0157 0.1084 4Q

Annual Percent Change: CPI 0.121 0.0189 0.2092 4Q
Annual Percent Change: CPI ex. Food & Energy 0.174 0.0169 0.2454 4Q

Annual Percent Change: Consumer Confidence Index 0.210 0.0243 0.0227 10Q
Annual Percent Change: Median Household Income 0.497 0.0112 0.3814 4Q

Nominal Change: Interest Rates: 10-Year Constant Maturity Securities, (Percent P.A.) NA
Nominal Change: Interest Rate Spread: 10 Year Treasure less Fed. Funds Rate NA
Annual Percent Change: Employment: Total Nonagricultural, (Mil., SA) 0.200 0.0210 0.2930 6Q

Annual Percent Change: Employment: Natural resources a Mining, (Mil., SA) NA
Annual Percent Change: Employment: Construction, (Mil., SA) 0.226 0.0236 0.1114 8Q

Annual Percent Change: Employment: Manufacturing, (Mil., SA) 0.114 0.0270 0.1205 6Q
Annual Percent Change: Employment: Trade, Transportation & Utilities, (Mil., SA) 0.336 0.0210 0.3375 8Q

Annual Percent Change: Employment: Information, (Mil., SA) 0.111 0.0244 0.0968 6Q
Annual Percent Change: Employment: Financial Activities, (Mil., SA) 0.429 0.0172 0.4161 6Q

Annual Percent Change: Employment: Professional & Business Services , (Mil., SA) 0.156 0.0203 0.1626 8Q
Annual Percent Change: Employment: Education & Health Services, (Mil., SA) NA
Annual Percent Change: Employment: Leisure & Hospitality, (Mil., SA) 0.235 0.0168 0.3384 8Q

Annual Percent Change: Employment: Other Services, (Mil., SA) 0.439 0.0136 0.4045 6Q
Annual Percent Change: Employment: Government, (Mil., SA) 0.533 0.0329 -0.6925 16Q
Annual Percent Change: Employment: Office-Using, (Mil., SA) 0.255 0.0190 0.2535 6Q
Annual Percent Change: Population Cohorts: Age 20-24, (Mil.) NA
Annual Percent Change: Population Cohorts: Age 25-29, (Mil.) 0.619 0.0254 0.5861 14Q
Annual Percent Change: Population Cohorts: Age 30-34, (Mil.) 0.151 0.0248 0.2554 4Q
Annual Percent Change: Population Cohorts: Age 35-39, (Mil.) 0.141 0.0215 0.1626 16Q

Annual Percent Change: Population Cohorts: Age 60-64, (Mil.) NA
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Multiple Regression Analysis
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Regression Analysis

R² 0.864
Adjusted R² 0.858 n 92

R 0.930 k 4
Std. Error 0.004 Dep. Var. WarehouseAnnualPercentChange inTotal Stock8QLag

ANOVA table
Source SS df MS F p-value

Regression 0.0105 4 0.0026 138.16 7.89E-37
Residual 0.0017 87 0.0000

Total 0.0122 91

Regression output confidence interval

variables coefficients std. error t (df=87) p-value
95 Percent

lower
95 Percent

upper VIF

Intercept 0.0215 0.0056 3.869 .0002 0.0105 0.0326

Annual Percent Change: Total Population (Mil.) -1.9112 0.4007 -4.770 7.36E-06 -2.7076 -1.1148 1.999

Annual Percent Change: Money Stock: M2, (SABillions $) 0.2034 0.0225 9.045 3.63E-14 0.1587 0.2481 2.073

CPI ex. Food & Energy 0.1479 0.0241 6.132 2.48E-08 0.0999 0.1958 1.078

Annual Percent Change: Employment: Office-Using, (Mil., SA) 0.2712 0.0211 12.848 8.39E-22 0.2292 0.3131 1.038

1.547
mean VIF
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Warehouse Annual % Change in Stock: Regression Model

The warehouse regression model also produces a good result,
with an adjusted R squared of 85.8 percent, meaning the model
predicts 85.8 percent of the variance in warehouse stock growth.
This model was developed with a four-quarter lag of the depend-
ent variable, so the model predicts change in warehouse stock
four quarters in the future rather than 8 quarters in the office
model. The warehouse model predicts warehouse stock growth
to slow to just above two percent by the end of 2008.



Full Study continued

Retail Model

Retail correlations to economic variables are highest for most
variables between six and10 quarter lags of the change in retail
stock, indicating that retail may have a 1.5 to 2.5 year develop-
ment time frame. Total non-farm employment has a relatively high
correlation with retail stock growth with a 66.1 percent correlation.
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Correlation Matrix
Retail Annual Percent Change in Total Stock

Quarter Lag of Development Variable

Economic Independent Variables 0Q 4Q 6Q 8Q 10Q 12Q 14Q 16Q

Annual Percent Change: Total Population (Mil.) -.313 -.463 -.503 -.518 -.525 -.524 -.503 -.457

Annual Percent Change: Gross domestic product, (Bil. 2000 $, SAAR) -.121 .291 .451 .536 .553 .508 .420 .305

Annual Percent Change: Money Stock: M2, (SA Billions $) .203 .175 .188 .234 .292 .348 .385 .404

Annual Percent Change: Commercial & Industrial Loans, (Bil. $, SA) .213 .311 .348 .381 .403 .413 .410 .381

Annual Percent Change: Real Estate Loans, (Bil. $, SA) .485 .717 .691 .578 .438 .315 .198 .055

Annual Percent Change: CPI .524 .041 -.144 -.247 -.291 -.267 -.175 -.048

Annual Percent Change: CPI ex. Food & Energy .491 .060 -.077 -.130 -.131 -.087 .008 .137

Annual Percent Change: Consumer Confidence Index -.205 .011 .153 .271 .345 .372 .369 .348

Annual Percent Change: Median Household Income .335 .422 .448 .460 .459 .448 .426 .392

Nominal Change: Interest Rates: 10-Year Constant Maturity Securities, (Percent P.A.) .124 .037 .002 -.025 -.061 -.108 -.146 -.143

Nominal Change: Interest Rate Spread: 10 Year Treasure less Fed. Funds Rate .058 -.175 -.225 -.230 -.202 -.165 -.117 -.049

Annual Percent Change: Employment: Total Nonagricultural, (Mil., SA) .027 .492 .621 .661 .623 .525 .388 .223

Annual Percent Change: Employment: Natural resources a Mining, (Mil., SA) .197 -.056 -.177 -.285 -.355 -.365 -.324 -.257

Annual Percent Change: Employment: Construction, (Mil., SA) -.242 .314 .514 .620 .644 .595 .486 .339

Annual Percent Change: Employment: Manufacturing, (Mil., SA) .010 .325 .423 .460 .441 .381 .298 .188

Annual Percent Change: Employment: Trade, Transportation & Utilities, (Mil., SA) .019 .471 .618 .688 .687 .627 .530 .399

Annual Percent Change: Employment: Information, (Mil., SA) .117 .368 .405 .388 .319 .211 .091 -.031

Annual Percent Change: Employment: Financial Activities, (Mil., SA) .112 .495 .627 .716 .757 .738 .660 .534

Annual Percent Change: Employment: Professional & Business Services , (Mil., SA) .022 .367 .467 .503 .487 .427 .333 .203

Annual Percent Change: Employment: Education & Health Services, (Mil., SA) .330 .515 .535 .525 .471 .372 .261 .160

Annual Percent Change: Employment: Leisure & Hospitality, (Mil., SA) -.074 .404 .568 .661 .692 .667 .585 .453

Annual Percent Change: Employment: Other Services, (Mil., SA) .424 .699 .756 .758 .703 .597 .468 .335

Annual Percent Change: Employment: Government, (Mil., SA) .162 .484 .500 .422 .266 .067 -.138 -.321

Annual Percent Change: Employment: Office-Using, (Mil., SA) .064 .456 .566 .608 .591 .520 .409 .261

Annual Percent Change: Population Cohorts: Age 20-24, (Mil.) -.093 -.371 -.463 -.514 -.527 -.497 -.429 -.326

Annual Percent Change: Population Cohorts: Age 25-29, (Mil.) .063 .042 .107 .205 .330 .471 .601 .695

Annual Percent Change: Population Cohorts: Age 30-34, (Mil.) .461 .290 .215 .180 .161 .153 .168 .202

Annual Percent Change: Population Cohorts: Age 35-39, (Mil.) .024 -.023 .032 .128 .243 .352 .448 .518
Annual Percent Change: Population Cohorts: Age 60-64, (Mil.) -.035 -.133 -.164 -.181 -.163 -.102 -.024 .049

Time Period: 1981Q1 - 2003Q4 92 sample size

± .205 critical value .05 (two-tail)

± .267 critical value .01 (two-tail)
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Employment in other services yields the highest predictive ability
of all of the single variable models with an R squared of 57.5 per-
cent. However, as an industry subset of employment, it is
questionable whether employment in other services truly drives
retail growth. However, total non-farm employment also yields a
high R squared, and predicts that a 1 percent change in total
non-farm employment will lead to a 0.2413 percent change in
retail stock 8 quarters in the future.
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Summary of Single Variable Regression Models: Warehouse Percent Change in Total Stock

Independent Economic Variable R Square Intercept Coefficient

Lag of
Dependent

Var
Annual Percent Change: Total Population (Mil.) 0.275 0.0451 -1.9941 10Q

Annual Percent Change: Gross domestic product, (Bil. 2000 $, SAAR) 0.306 0.0185 0.1709 10Q
Annual Percent Change: Money Stock: M2, (SA Billions $) 0.163 0.0193 0.0807 16Q

Annual Percent Change: Commercial & Industrial Loans, (Bil. $, SA) 0.170 0.0219 0.0389 12Q
Annual Percent Change: Real Estate Loans, (Bil. $, SA) 0.514 0.0146 0.0952 4Q

Annual Percent Change: CPI NA
Annual Percent Change: CPI ex. Food & Energy NA

Annual Percent Change: Consumer Confidence Index 0.139 0.0236 0.0104 12Q
Annual Percent Change: Median Household Income 0.211 0.0184 0.1327 8Q

Nominal Change: Interest Rates: 10-Year Constant Maturity Securities, (Percent P.A.) NA
Nominal Change: Interest Rate Spread: 10 Year Treasure less Fed. Funds Rate NA
Annual Percent Change: Employment: Total Nonagricultural, (Mil., SA) 0.437 0.0198 0.2413 8Q

Annual Percent Change: Employment: Natural resources a Mining, (Mil., SA) 0.133 0.0230 -0.0356 12Q
Annual Percent Change: Employment: Construction, (Mil., SA) 0.415 0.0221 0.0836 10Q

Annual Percent Change: Employment: Manufacturing, (Mil., SA) 0.211 0.0247 0.0913 8Q
Annual Percent Change: Employment: Trade, Transportation & Utilities, (Mil., SA) 0.473 0.0205 0.2233 8Q

Annual Percent Change: Employment: Information, (Mil., SA) 0.164 0.0229 0.0652 6Q
Annual Percent Change: Employment: Financial Activities, (Mil., SA) 0.572 0.0183 0.2663 10Q

Annual Percent Change: Employment: Professional & Business Services , (Mil., SA) 0.263 0.0198 0.1156 8Q
Annual Percent Change: Employment: Education & Health Services, (Mil., SA) 0.287 0.0135 0.2703 6Q
Annual Percent Change: Employment: Leisure & Hospitality, (Mil., SA) 0.480 0.0167 0.2676 10Q

Annual Percent Change: Employment: Other Services, (Mil., SA) 0.575 0.0160 0.2581 8Q
Annual Percent Change: Employment: Government, (Mil., SA) 0.250 0.0204 0.2750 6Q
Annual Percent Change: Employment: Office-Using, (Mil., SA) 0.369 0.0192 0.1699 8Q
Annual Percent Change: Population Cohorts: Age 20-24, (Mil.) 0.278 0.0235 -0.1734 10Q
Annual Percent Change: Population Cohorts: Age 25-29, (Mil.) 0.483 0.0246 0.2852 16Q
Annual Percent Change: Population Cohorts: Age 30-34, (Mil.) NA
Annual Percent Change: Population Cohorts: Age 35-39, (Mil.) 0.269 0.0219 0.1244 16Q

Annual Percent Change: Population Cohorts: Age 60-64, (Mil.) NA



Full Study continued

Multiple Variable Regression Analysis

The retail regression model produces an adjusted R squared of
75 percent, slightly lower than the office and warehouse models,
but still quite significant. This model uses only three variables as
opposed to four in the other models due to a fourth variable that
had significant explanatory power not being found. The model
predicts that we have reached a peak in retail development in
2008 and retail stock growth should slow to approximately 1.7
percent by the end of 2009.
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Regression Analysis

R² 0.758
Adjusted R² 0.750 n 92

R 0.871 k 3
Std. Error 0.003 Dep. Var. Retail Annual Percent Change in Total Stock

ANOVA table
Source SS df MS F p-value

Regression 0.0026 3 0.0009 92.07 4.76E-27
Residual 0.0008 88 0.0000

Total 0.0035 91

Regression output confidence interval

variables coefficients std. error t (df=87) p-value
95 Percent

lower
95 Percent

upper VIF

Intercept 0.0142 0.0008 17.921 4.11E-31 0.0127 0.0158

Annual Percent Change: Real Estate Loans (Bil. $, SA) 0.0474 0.0075 6.351 9.11E-09 0.0326 0.0623 1.127

AnnualPercentChange:Employment: Trade,Transportation&Utilities, (Mil., SA) 0.1113 0.0205 5.438 4.77E-07 0.0706 0.1520 1.447

Annual Percent Change: Employment: Financial Activities, (Mil., SA) 0.1576 0.0219 7.179 2.12E-10 0.1139 0.2012 1.397

1.324
mean VIF
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Apartment Model

The majority of the economic variables are most highly correlated
with apartment stock growth at the four-quarter lag time period.
This leads to the conclusion that apartment development may
respond more quickly to economic drivers than the other property
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Correlation Matrix
Apartment Annual Percent Change in Total Stock

Quarter Lag of Development Variable

Economic Independent Variables 0Q 4Q 6Q 8Q 10Q 12Q 14Q 16Q

Annual Percent Change: Total Population (Mil.) -.787 -.791 -.752 -.675 -.572 -.460 -.353 -.264

Annual Percent Change: Gross domestic product, (Bil. 2000 $, SAAR) .247 .369 .347 .293 .235 .168 .090 .012

Annual Percent Change: Money Stock: M2, (SA Billions $) .593 .693 .715 .711 .686 .645 .587 .517

Annual Percent Change: Commercial & Industrial Loans, (Bil. $, SA) .331 .464 .531 .595 .635 .651 .650 .626

Annual Percent Change: Real Estate Loans, (Bil. $, SA) .700 .493 .355 .208 .063 -.064 -.167 -.237

Annual Percent Change: CPI .133 .075 .103 .174 .263 .346 .418 .476

Annual Percent Change: CPI ex. Food & Energy .267 .222 .257 .336 .426 .500 .553 .591

Annual Percent Change: Consumer Confidence Index .009 .210 .264 .298 .329 .339 .320 .276

Annual Percent Change: Median Household Income .445 .516 .538 .557 .564 .557 .544 .531

Nominal Change: Interest Rates: 10-Year Constant Maturity Securities, (Percent P.A.) -.076 -.094 -.106 -.101 -.068 -.035 -.026 -.027

Nominal Change: Interest Rate Spread: 10 Year Treasure less Fed. Funds Rate -.023 -.046 -.023 .018 .067 .112 .134 .146

Annual Percent Change: Employment: Total Nonagricultural, (Mil., SA) .292 .339 .297 .240 .171 .095 .017 -.057

Annual Percent Change: Employment: Natural resources a Mining, (Mil., SA) -.211 -.257 -.228 -.163 -.092 -.041 -.004 .043

Annual Percent Change: Employment: Construction, (Mil., SA) .228 .376 .366 .312 .232 .140 .048 -.037

Annual Percent Change: Employment: Manufacturing, (Mil., SA) .139 .190 .177 .169 .159 .134 .096 .050

Annual Percent Change: Employment: Trade, Transportation & Utilities, (Mil., SA) .387 .488 .474 .433 .370 .295 .220 .150

Annual Percent Change: Employment: Information, (Mil., SA) .086 .112 .102 .100 .097 .082 .057 .020

Annual Percent Change: Employment: Financial Activities, (Mil., SA) .614 .656 .629 .580 .517 .448 .372 .291

Annual Percent Change: Employment: Professional & Business Services , (Mil., SA) .081 .181 .189 .188 .182 .174 .163 .146

Annual Percent Change: Employment: Education & Health Services, (Mil., SA) .544 .401 .304 .206 .109 .016 -.071 -.150

Annual Percent Change: Employment: Leisure & Hospitality, (Mil., SA) .434 .516 .483 .418 .335 .251 .169 .092

Annual Percent Change: Employment: Other Services, (Mil., SA) .704 .675 .615 .545 .463 .363 .255 .153

Annual Percent Change: Employment: Government, (Mil., SA) .235 .073 -.069 -.225 -.376 -.507 -.612 -.698

Annual Percent Change: Employment: Office-Using, (Mil., SA) .220 .305 .301 .287 .268 .242 .212 .174

Annual Percent Change: Population Cohorts: Age 20-24, (Mil.) -.264 -.202 -.163 -.123 -.086 -.058 -.043 -.035

Annual Percent Change: Population Cohorts: Age 25-29, (Mil.) .445 .605 .675 .723 .752 .763 .767 .775

Annual Percent Change: Population Cohorts: Age 30-34, (Mil.) .603 .473 .407 .362 .337 .316 .286 .244

Annual Percent Change: Population Cohorts: Age 35-39, (Mil.) .308 .407 .464 .517 .553 .574 .592 .603
Annual Percent Change: Population Cohorts: Age 60-64, (Mil.) .059 .140 .176 .183 .168 .140 .116 .116

Time Period: 1981Q1 - 2003Q4 92 sample size

± .205 critical value .05 (two-tail)

± .267 critical value .01 (two-tail)



Full Study continued

types, and that the time period for developing apartment properties
may be as short as one year. Total population growth, employment
in financial activities, and population growth of people ages 25-29
yield high correlations and may provide some ability to predict
apartment stock growth four quarters in the future.

Total population growth yields the highest R squared of the single
variable regression models, with an R squared of 62.5 percent.
Population growth of age cohorts from 25-29 also yields a high R
squared, predicting a 0.6116 percent increase in rental housing stock
for every one percent increase in the population of 25 to 29 year olds.
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Summary of Single Variable Regression Models: Apartment Percent Change in Total Stock

Independent Economic Variable R Square Intercept Coefficient

Lag of
Dependent

Var
Annual Percent Change: Total Population (Mil.) 0.625 0.0757 -5.4345 4Q

Annual Percent Change: Gross domestic product, (Bil. 2000 $, SAAR) 0.136 0.0111 0.2066 4Q
Annual Percent Change: Money Stock: M2, (SA Billions $) 0.512 0.0005 0.2729 6Q

Annual Percent Change: Commercial & Industrial Loans, (Bil. $, SA) 0.424 0.0097 0.1188 12Q
Annual Percent Change: Real Estate Loans, (Bil. $, SA) 0.243 0.0057 0.1190 4Q

Annual Percent Change: CPI 0.226 0.0048 0.2786 16Q
Annual Percent Change: CPI ex. Food & Energy 0.349 0.0016 0.3381 16Q

Annual Percent Change: Consumer Confidence Index 0.115 0.0155 0.0184 12Q
Annual Percent Change: Median Household Income 0.318 0.0044 0.3045 10Q

Nominal Change: Interest Rates: 10-Year Constant Maturity Securities, (Percent P.A.) NA
Nominal Change: Interest Rate Spread: 10 Year Treasure less Fed. Funds Rate NA
Annual Percent Change: Employment: Total Nonagricultural, (Mil., SA) 0.115 0.0138 0.2222 4Q

Annual Percent Change: Employment: Natural resources a Mining, (Mil., SA) NA
Annual Percent Change: Employment: Construction, (Mil., SA) 0.141 0.0157 0.0882 4Q

Annual Percent Change: Employment: Manufacturing, (Mil., SA) NA
Annual Percent Change: Employment: Trade, Transportation & Utilities, (Mil., SA) 0.239 0.0134 0.2851 4Q

Annual Percent Change: Employment: Information, (Mil., SA) NA
Annual Percent Change: Employment: Financial Activities, (Mil., SA) 0.43 0.0089 0.4175 4Q

Annual Percent Change: Employment: Professional & Business Services , (Mil., SA) NA
Annual Percent Change: Employment: Education & Health Services, (Mil., SA) 0.161 0.0035 0.3665 4Q
Annual Percent Change: Employment: Leisure & Hospitality, (Mil., SA) 0.266 0.0079 0.3609 4Q

Annual Percent Change: Employment: Other Services, (Mil., SA) 0.456 0.0051 0.4132 4Q
Annual Percent Change: Employment: Government, (Mil., SA) 0.488 0.0233 -0.7058 16Q
Annual Percent Change: Employment: Office-Using, (Mil., SA) 0.093 0.0133 0.1533 4Q
Annual Percent Change: Population Cohorts: Age 20-24, (Mil.) NA
Annual Percent Change: Population Cohorts: Age 25-29, (Mil.) 0.601 0.0155 0.6116 16Q
Annual Percent Change: Population Cohorts: Age 30-34, (Mil.) 0.224 0.0155 0.2984 4Q
Annual Percent Change: Population Cohorts: Age 35-39, (Mil.) 0.364 0.0096 0.2786 16Q

Annual Percent Change: Population Cohorts: Age 60-64, (Mil.) NA
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Multiple Variable Regression Analysis

The apartment regression model yields a high adjusted R
squared of 85.8 percent, thus explaining 85.8 percent of the vari-
ance in apartment stock growth four quarters in the future.
However, the model appears to have become less accurate
since 2006 in predicting apartment stock. One possible expla-
nation for this is the anomaly caused by the sub-prime
mortgage crisis that may have affected short term demand and
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Regression Analysis

R² 0.864
Adjusted R² 0.858 n 92

R 0.929 k 4
Std. Error 0.004 Dep. Var. ApartmentAnnual PercentChange in Total Stock 8QLag

ANOVA table
Source SS df MS F p-value

Regression 0.0097 4 0.0024 138.02 8.19E-37
Residual 0.0015 87 0.0000

Total 0.0112 91

Regression output confidence interval

variables coefficients std. error t (df=87) p-value
95 Percent

lower
95 Percent

upper VIF

Intercept -0.0136 0.0014 -9.194 4.45E-15 -0.0165 -0.0108

Annual Percent Change: Real Estate Loans (Bil. $, SA) 0.1819 0.0184 9.882 7.03E-16 0.1453 0.2185 1.046

AnnualPercentChange:Employment: Trade,Transportation&Utilities, (Mil., SA) 0.2081 0.0226 9.223 1.57E-14 0.1633 0.2530 1.040

Annual Percent Change: Employment: Financial Activities, (Mil., SA) 0.1576 0.0219 7.179 2.12E-10 0.1139 0.2012 1.397

Annual Percent Change: Money Stock: M2, (SABillions $) 0.2176 0.0157 13.823 1.14E-23 0.1863 0.2488 1.102

1.078
mean VIF
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Full Study continued

thus development in apartments, an event that is exogenous to
the model, which only accounts for changes in population, GDP,
money stock, and real estate loans. The predictions of the model
can lend some insight to the typical behavior of apartments with-
out the presence of the sub-prime mortgage crisis, indicating that
growth is expected to dip to below one percent by the end of
2008 disregarding the sub-prime crisis. Taking the sub-prime cri-
sis into account, a more accurate prediction could be made
depending on how the crisis is affecting real estate professionals’
ability to develop and finance apartment development projects.

Conclusion

The economic variables studied in this report yield varying
results in their ability to predict development of commercial prop-
erties. Through both visual and statistical analysis of the
relationships between economic indicators and commercial stock
growth, it is likely that some of the economic indicators in this
study will provide good insight into the future development of
commercial properties. Our visual analysis of real estate com-
pletions showed the cyclical nature of development, with all four
property types’ completions peaking in 1986-1987 and 2001, and
bottoming between 1993 and 1994. We also found that peaks
and bottoms in completions tended to happen earlier in apart-
ment and warehouse than in office and retail. This could be due
to a shorter development time for apartment and warehouse,
while developers are reacting in unison in all four property types
to positive economic indicators.

Some economic indicators such as interest rates and general
population growth, did not trend on the same cyclical time frame
as commercial development, but did have some statistical sig-
nificance in predicting change of commercial stock in the future.
One interesting finding from this study was that money
stock appears to have a strong predictive ability in three of
our four models, indicating that this indicator may be a
good barometer of the overall economic environment.

Through our statistical analysis of correlations and simple regres-
sion models, we were able to develop multiple variable regression
models that have significant explanatory power in predicting the
future change in total stock among the four property types.
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Our office model found that changes in money stock, employ-
ment in financial activities, commercial and industrial loans and
inflation (excluding food and energy) were good predictors of
changes in office stock two years in the future. This model pre-
dicts that office stock growth should accelerate from just more
than 2 percent in 2007 to just more than 3 percent in 2008, and
grow at approximately 2.5 percent in 2009.

Our warehouse model found that changes in total population,
money stock, inflation excluding food and energy, and office
using employment together provided good predictions of ware-
house stock growth four quarters in the future. This model
predicts that warehouse stock growth should slow to just more
than 2 percent in 2008.

Our retail model found that change in real estate loans, employ-
ment in trade, transportation and utilities and employment in
financial activities provided a good prediction of retail stock
growth eight quarters in the future. This model predicts that retail
stock growth hit its peak in 2007 at 2.5 percent and should decel-
erate to 1.7 percent by the end of 2009.

Finally, our apartment model found that change in total popula-
tion, GDP, real estate loans and money stock were significant in
predicting apartment stock change four quarters in the future.
Our model predicts apartment stock growth should slow to less
than one percent by the end of 2008. The predictive ability of our
apartment model started to come into question in 2006 as it con-
sistently over-predicted the amount of growth that apartment
stock would experience. We believe this may be due to the
anomaly of the sub-prime mortgage crisis, which is exogenous to
our model. Since our model consistently over-predicted the
growth in apartment stock based on its economic indicators,
apartment growth is likely to return toward growth as the sub-
prime-crisis works its way out of the residential market. It is also
interesting to note that this effect did not appear in the other three
models, indicating that the commercial real estate market is dif-
ferent from the residential market, but that apartments are not.

Further studies could refine these models further and studies
by different metropolitan areas may also produce valuable
findings for local development.
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The following are highlights of completed research projects funded by the NAIOP
Research Foundation. For a complete listing and free download of research reports,
please visit the Foundation’s Web site at www.naioprf.org.

Select NAIOP Research Foundation Funded Research

Measuring the Impact of Hispanic Population Growth on the Location of and
Demand for Commercial Real Estate in the United States (2008)

The Contribution of Office, Industrial and Retail Development and Construction
to the U.S. Economy, 2008 Edition

Green Building Incentives That Work: A Look at How Local Governments Are
Incentivizing Green Development (2007)

Commercial Real Estate in a Flat World, The Implications of Corporate
Restructuring and Economic Globalization for Industrial, Office and Mixed-Use
Property in America (2007)

Exploration of LEED Design Approaches for Warehouse and Distribution
Centers (2007)

NAIOP Terms and Definitions: U.S. Office and Industrial Market (2005)

“The work of the Foundation is absolutely essential to anyone involved
in industrial, office and mixed-use development. The Foundation’s projects
are a blueprint for shaping the future and a road map that helps to ensure

the success of the developments where we live, work and play.”

Ronald L. Rayevich, Founding Chairman
NAIOP Research Foundation
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