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Executive Summary 

The goal of this research project was to create a model that can forecast 
changes in demand for office space. 

This model can become a valuable aid to enhance decision making for 
many different applications, including acquisitions and dispositions,  
development timing, financing decisions, asset management and leasing 
decisions.

The process involved testing various economic determinants with a likely  
relationship to changes in office demand. We looked for strong logical 
correlations as well as the ability to give leading guidance (i.e., determinants 
that shift before a change in office demand occurs). We also looked for 
determinants that are simple to understand and have stable interpretations 
regardless of economic climate. Finally, we explored determinants that fit in 
a simple yet powerful dynamic model.

The Model

The model generated herein uses five simple variables to forecast office 
space demand. Each of these variables has a logical, direct relationship to 
the business prospects and health of office space users. Three are direct 
macroeconomic variables:

1) Gross domestic product (GDP).

2) Corporate profits — all domestic industries.

3) Total employment — financial activities.

 
Two are forward-looking measures from the Institute for Supply Management’s 
Non-Manufacturing indices:

4) ISM-NM Inventories Index.

5) ISM-NM Supplier Deliveries Index.

 
All of these variables are clearly correlated and related to net absorption of 
office space. 

Changes in GDP correlate fairly closely with office net absorption, as shown 
in Figure 1. The strongest correlation with GDP is 0.54 with a two-quarter 
lead, indicating that changes in this variable predict changes in office net 
absorption.
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Figure 1
Growth in GDP and Office Net Absorption 
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Growth in corporate profits correlates positively as well; however, it is more 
volatile by nature, as shown in Figure 2. The strongest correlation with  
corporate profits is 0.68 with a one-quarter lag. Yet contemporaneous  
correlation is also strong at 0.62, making this a strong coincident indicator.

Figure 2
Growth in Corporate Profits and Office Net Absorption
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Executive Summary — continued
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Employment in financial activities has a very strong relationship with net 
absorption of office space, as is to be expected, and as shown in Figure 3. 
The strongest correlation with employment in financial activities is 0.69 with 
a four-quarter lag; however contemporaneous correlation is also strong at 
0.51, making this a strong coincident indicator and confirming indicator, 
as would naturally be expected, since space is usually leased before new 
employees are hired.

Figure 3
Growth in Financial Activities Employment and Office Net Absorption
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The ISM Non-Manufacturing indices do not show their predictive power as 
graphically as the other three variables, as shown in Figures 5 and 6, yet 
they do aid the model. Both indices have good contemporaneous correlation 
of 0.57, giving them coincident indicating power. The Supplier Deliveries 
Index has the greatest leading indicator power, as correlations remain high  
at 0.48 with a three-quarter lead. The Inventories Index holds slightly  
stronger confirming power; its highest correlation of 0.64 comes with a 
one-quarter lag.
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Executive Summary — continued

Figure 4
Change in ISM-NM Inventories Index and Office Net Absorption
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Figure 5
Change in ISM-NM Supplier Deliveries Index and Office Net Absorption 
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The Results and the Product

The model produces consistent forecasts of office demand using variables 
that are easy to understand. Overall, the model equally overshoots and  
undershoots actual results, indicating it is unbiased. 

Figure 6
Actual vs. Forecast Model Predictions 
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Note: The “test forecast” is an out-of-sample forecast, meaning the model did not know the actual number of square feet absorbed, 
enabling it to actually make predictions. The “forecast” is generated as the model is being built; it indicates what absorption levels  
would have been using the model.

The model captured both the decline and recovery from the 2008 recession. 
Its dynamic forecasting techniques appear to capture the changing nature  
of volatility of the underlying determinants. Thus, it should help catch the 
next downturn.

The under and over misses of each quarter appear to be mitigated when 
viewed annually, meaning that quarterly volatility (randomness) explains 
some of the error term. Thus the model is well specified using economic 
data and not likely missing a major contributing factor. In other words, the 
statistical properties of the model appear to be predicting net absorption of 
office space accurately (within normal statistical limitations). 

While the correlations of office net absorption with each variable indicate 
more coincident power than leading predictive power, they still appear 
econometrically valid, given the methods used herein. The results of the  
correlations analysis are not surprising, given that all of these variables, 
including office net absorption, move in the same direction (trend) for long 
periods of time with relatively few inflection or reversal points.
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Introduction

Office space is a critical resource for firms in many industries. For some 
industries, it represents the only type of real estate they may ever need to 
occupy. These industries are the so-called “office-using” sectors. The ability 
to forecast and explain changes in the demand for office space is highly 
valuable to owners and developers of office buildings. It can help them  
conduct business planning and make investment decisions. While many 
unique factors influence how much office space a particular firm will need 
at a given time, the overall net change in demand — net absorption of office 
space nationwide — can be explained and thus predicted by macroeconomic 
variables that are readily observable and known to logically impact the 
growth of firms in the office-using sectors. 

The single most important factor that directly impacts the demand for office 
space is employment, specifically employment in the office-using sectors. 
However, in creating models to explain and forecast office space demand,  
it is not sufficient to simply use measures or forecasts of employment to  
estimate changes in demand for office space. Why? Because of the way 
companies actually hire employees and lease office space. Firms must first 
predict and forecast their own growth (or decline) in demand and profitability, 
then make decisions to invest and expand (or contract). Once a company 
decides to expand, it generally acquires productive inputs, including office 
space, before it actually hires new employees. Thus a predictive model must 
be able to capture the economic forces that are likely to drive firms to hire 
and lease space. This study therefore aims to create an accurate model of 
office space demand, using the most accurate macroeconomic indicators 
that have historically been related to net changes in demand for office space. 
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The Process

This office demand study builds upon the methodologies and findings of  
the NAIOP Research Foundation’s “Industrial Space Demand” white paper 
(Anderson and Guirguis, 2011) and subsequent biannual forecasts as a 
starting point to build a model for predicting office space demand. We began 
by identifying and testing macroeconomic variables with a logical relationship 
to changes in office space demand. These included variables such as gross 
domestic product (GDP), total employment, office-using employment, retail 
sales and corporate profits. Measures of sentiment and activity of the office- 
using and broader service sectors were investigated as well. Specifically, the 
Institute for Supply Management’s Non-Manufacturing indices were tested 
and used in certain model specifications. It is important to note that the  
ISM indices cannot be future forecasted by the same means as broader 
macroeconomic variables, such as GDP, and thus cannot always be used  
to issue long-term forecasts, including those for forecasting office space  
demand. They do appear useful in the short term, and are included in  
certain specifications of forecast models of demand for office space. 

The primary explanatory variables used in the final model are real GDP, 
which captures the broadest level of macroeconomic activity and growth; the 
ISM Non-Manufacturing Inventories and Supplier Deliveries indices, which 
proxy as a sentiment measure on the future health of office-using firms; 
corporate profits of domestic industries, which directly captures the financial 
capacity and growth of firms that may need to expand; and financial activities  
employment, which is a direct measure and proxy for office-using employment 
that best fits with changes in office space demand. These measures, along 
with the lagged measures of net absorption of office space — which serve as 
the base of the model — make possible an accurate one-year forecast of net 
absorption of office space nationwide. 

Modeling demand for office space has unique challenges and characteristics 
apart from other forms of real estate forecasting. The largest observable 
challenge considered ex ante is that intensity of utilization of office space 
(i.e., square footage leased per employee) varies over time and is subject to 
change based on firm characteristics, business practices, rental rates and 
other trends that may or may not directly relate to standard macroeconomic 
processes. No readily available or reliable means to forecast changes in 
office space utilization were discovered during this research project. Yet  
relationships among office space utilization and macroeconomic variables 
were observed, and showed some statistical linkage. It is important to note 
that these tests were done to test for robustness and were not used di-
rectly in the forecasts of office space demand. The results implied that the 
changes in macroeconomic variables did capture changes in office space 
utilization factors, and thus the model controls sufficiently for the amount 
of occupied square footage per employee. Future research to more directly 
measure and explain this impact is recommended. 
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The use of the macroeconomic variables described above appears to be  
sufficient to control for changes in office space utilization, at least with  
respect to issuing forecasts as prescribed in this project. Miller, 2013,  
presents a study and discussion of office utilization trends and points out 
that corporate goals to reduce office square footage are impacted by  
companies’ natural need to grow and other economic forces. This study 
appears to largely agree with Miller’s findings; however, it is not meant to  
be a direct test of his assertions or findings. 

The Process — continued
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Data and Methodology

The main explanatory variables utilized in our empirical model are the  
first lagged of net absorption, the growth rate in real gross domestic  
product (GDP), ISM Non-Manufacturing Inventories Index (ISM_NM),  
ISM Non-Manufacturing Supplier Deliveries Index (ISM_NS), Corporate  
Profits: Domestic Industries (CP), and Financial Activities Employment (FA). 
Our historical data series for net absorption was obtained from CBRE.  
The initial model can be stated as follows:

Net Absorption = f(Net Absorptiont-1, GDPt, ISM_NMt, ISM_NSt, CPt, FAt).   (1)

Table 1 reports the ordinary least squares (OLS) results from estimating the 
model for the entire time period from the first quarter of 1991 to the fourth 
quarter of 2014. 

Table 1
OLS Regression Result 

(Quarterly Data From 1991:01 to 2014:04)

Usable Observations 96

Degrees of Freedom 89

Centered R^2 0.74

R-Bar^2 0.72

Uncentered R^2 0.86

Mean of Dependent Variable 33,794.34

Std Error of Dependent Variable 37,230.40

Standard Error of Estimate 19,552.91

Sum of Squared Residuals 34,026,134,650.00

Regression F(6,89) 42.57

Significance Level of F 0.00

Log Likelihood -1,081.15

Durbin-Watson Statistic 2.04

Variable Coeff Std Error T-Stat Signif

1. Constant 1,258.73 13,253.28 0.09 0.92

2. Net Absorptiont-1 0.38 0.11 3.43 0.00

3. GDP 0.15 0.10 1.50 0.14

4. ISM_NM 13,525.26 4,099.84 3.30 0.00

5. ISM_NS 4,904.26 4,214.98 1.16 0.25

6. CP -25,219.15 11,984.23 -2.10 0.04

7. FA 25,778.86 11,240.61 2.29 0.02
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Because of the high instability in the office market generated by the Great 
Recession of 2008-2009, we utilize the Kalman Filter approach, where the 
regression parameters are allowed to vary with time. As illustrated by  
numerous studies (e.g., Hatemi and Roca, 2006; Guirguis et al., 2005;  
Harvey, 1991; and Brown et al., 1997), a Kalman Filter model generates 
more accurate out-of-sample forecasts than those generated by static 
models, where the regression coefficients are constant over time. The 
time-varying Kalman Filter model employed in this forecast can be specified 
as follows:

The Measurement Equation: 

yt = Xtßt + ut, with Var(ut) = nt  (2)

where yt = Net Absorption, and Xt = (Net Absortiont-1, GDPt, ISM_NMt,  
ISM_NSt, CPt, FAt)

The State Equation:

ßt = Atßt + vt  with Var(vt) = Mt                                                                         (3)

where At controls the process through which ßt shrinks back toward the 
mean. Following Doan, Litterman and Sims (1984), we specify the shrinkage 
process as follows:

ßt = λ ßt-1 + (1- λ) (mean vector) + vt                                               (4)

where 0 ≤ λ ≤ 1, and mean vector = [0 1 0 0 0 0 0]` 

To initialize the state vector and the covariance matrices, we use the mean 
and the covariance matrix of ßs, and calculate the hyper-parameters (relative 
tightness) from the maximized log conditional likelihood function over the 
sample period from the first quarter of 1991 (1991:01) to the fourth quarter 
of 2004 (2004:03). However, our choice of the shrinkage factors (.88) has 
been dictated by the average value of λ that minimizes the mean absolute 
forecasting error (MAFE) and maximizes both the root mean squared 
forecasting error (RMSFE) and Theil U (U) statistics for the out-of-sample 
forecasting during 2004 and 2014. 

We initially estimate the model for the time period from 1991:01 to 2004:03 
and calculate the estimated ß based on the available information up to 
2004:03 (ßt-1|t-1) and its variance-covariance matrix (Σt-1|t-1). Next, we update 
our estimates of ß for 2004:04 by employing Kalman Filter technique  
as follows:

St = At Σt-1A`t + Mt      (5)

Σt = St – St X`t (Xt St X`t + nt) -1 Xt St                                               (6)

ßt|t = At ßt-1|t-1 + St X`t (Xt St X`t + nt) -1 Xt (yt – XtAt ßt-1|t-1) (7)

Then, we utilize ßt|t to predict the net absorption rate at 2004:04. Next, we 
expand the starting and ending date of our sample by one quarter and 
estimate our equation for the sample period that runs from 1991:02 to 

Data and Methodology — continued
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2004:04, and utilize the estimates to execute Kalman Filter and calculate 
the one-quarter forecast for 2005:01. We repeat this process until our 
forecasts cover the sample periods run from 2004:04 to 2013:04. We also 
calculate the four-quarter forecast from 2014:01 to 2014:04 based on the 
last estimate of the model on 2013:04. 

To evaluate the out-of-sample performance of the model, we examine the 
properties of the out-of-sample forecasting according to the following criteria. 
The desirable properties require the forecasting errors to be normally  
distributed around zero. The tendency of the model to over-predict (under- 
predict) can be detected by a left (right) skewed distribution with a statistically 
significant negative (positive) mean. Additionally, highly inaccurate forecasts 
can result in excess negative kurtosis. We begin by testing separately for 
excess kurtosis and skewness (normality). We also test jointly for excess 
kurtosis and skewness using the parametric Jarque-Bera test. Table 2  
indicates that the models produce forecasting errors, with means not  
statistically different from zero at the 10 percent level. Additionally, the  
model generates normally distributed forecasting errors with statistically 
insignificant skewness and excess kurtosis.  

Table 2
Desirable Properties of the Forecasting Errors 

Statistics

Mean 
(Significance)

.427
(.62)

Skewness
(Significance)

.251
(.555)

Excess Kurtosis
(Significance)

.119
(.894)

Jarque-Bera
(Significance)

.401
(.818)

Note: This table presents means, skewness, excess kurtosis and Jarque-Bera normality test of 
the 36 one-step forecasting errors calculated from the recursive Kalman Filter. The p-values of 
the estimated statistics are reported in parentheses.

Next, we examine the forecasting performance of our model by calculating 
the Theil’s U2, mean forecasting error (MFE), mean absolute forecasting 
error (MAFE), and root mean squared forecasting error (RMSFE) for the 36 
forecast points from 2004:04 to 2013:04. (See Table 2.) 

Table 3 shows some interesting empirical findings. First, R2 for the out-of-
sample forecasts (Theil’s U2) reveals that our model can predict 78 percent 
of the sum of the squared deviations of the dependent variable about its 
mean. Similarly, the MAFE shows a high tendency for generating a symmetric 
distribution with positive and negative forecast errors canceling out. 
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Table 3
Out-of-Sample Forecasting Statistics (One Quarter) 

Note: This table presents the Theil’s U2, mean forecasting error (MFE), mean absolute  
forecasting error (MAFE), and root mean squared forecasting error (RMSFE) for the 25 one-step 
forecasts from the recursive Kalman Filter.

Finally, Figure 6 (on page 5) plots the actual results versus the forecasts 
for both the quarterly net absorption numbers and for total office absorption. 
Table 4 presents the actual versus forecast values for net office space  
absorption. 
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Data and Methodology — continued
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Table 4
Actual vs. Forecast Values 

(In Thousands of Square Feet)

Date Actual Forecast_1 Forecast_2

2004:04:00 23,461 20,274.04  

2005:01:00 19,795 21,605.85  

2005:02:00 24,863 21,987.84  

2005:03:00 19,180 26,061.05  

2005:04:00 21,332 23,645.89  

2006:01:00 19,501 23,812.72  

2006:02:00 21,635 19,647.73  

2006:03:00 19,897 18,488.43  

2006:04:00 21,943 18,511.93  

2007:01:00 8,232 15,698.63  

2007:02:00 23,080 10,619.49  

2007:03:00 12,173 19,268.89  

2007:04:00 11,262 11,553.378  

2008:01:00 3,434 3,818.54  

2008:02:00 5,437 5,176.51  

2008:03:00 4,225 2,162.58  

2008:04:00 -829 -7,156.75  

2009:01:00 -17,604 -13,689.12  

2009:02:00 -20,456 -21,305.16  

2009:03:00 -6,096 -16,809.57  

2009:04:00 841 -3,399.69  

2010:01:00 -700 -1,333.75  

2010:02:00 3,850 4,397.36  

2010:03:00 8,003 4,821.86  

2010:04:00 10,766 6,893.18  

2011:01:00 5,052 7,479.29  

2011:02:00 8,124 5,513.14  

2011:03:00 2,951 5,283.83  

2011:04:00 7,923 4,014.02  

2012:01:00 -776 8,444.35  

2012:02:00 12,676 2,860.72  

2012:03:00 8,164 11,964.40  

2012:04:00 8,573 6,815.20  

2013:01:00 3,852 11,137.73  

2013:02:00 10,019 7,658.73  

2013:03:00 8,264 11,944.27  

2013:04:00 13,877 9,501.99  

2014:01:00 5,602  12,276.54

2014:02:00 15,191  14,817.45

2014:03:00 16,461  15,256.93

2014:04:00 15,430  17,533.20
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Conclusion

This research report demonstrates that net absorption of office space can  
be explained and forecast using macroeconomic variables and measures  
of firm sentiment. Those who invest in and operate office properties can  
therefore make better decisions regarding rental rates and lease terms, 
acquisitions, development, etc. by studying trends in the macro economy. 
While office-using employment is the most obvious logical determinant of  
office space demand, this research demonstrates that a more comprehensive 
set of macroeconomic variables does a better job of explaining and  
forecasting office leasing activity. This is logical, as a firm’s leasing and 
expansion decisions typically precede a hiring decision. (In other words, it 
is difficult for a company to hire people if it does not have enough desks or 
other adequate office space to accommodate them.) 

This model serves as the foundation that we will use to prepare biannual, 
continually updated forecasts of net absorption of office space for the  
NAIOP Research Foundation, for use by NAIOP members, other real estate 
practitioners and the public at large. The methods used herein are dynamic, 
to account for the changing nature of the underlying macro economy. Further, 
the exact model specification will adjust dynamically, based on updated 
future results (i.e., forecasts versus actual results), desired time horizon of 
forecasts, and innovations in new data and statistical methods. 

Overall, it is clear that better investment and new supply decisions can be 
made using data and thoughtful analysis. Thus, while no forecast is perfect, 
and shocks and surprises will always occur, it should be the goal of the  
real estate industry to continually strive to avoid major overbuilding or over-
investment by using forecasts such as this as an early warning indicator. 
Conversely, such forecasts should also be used to confirm and inform future 
decisions regarding expansion of the office market, i.e., new development. 
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