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Mathematical assignment 
 

Question 1.1 
We have a three asset portfolio, where the goal is to chose the weights that minimize the 
overall variance of the portfolio. 

At the same time we have to bear in mind that we have the constraint of 𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 = 1 

The lagrangian formula forms to minimize the variance whilst adhering to the constraints: 
ℒ(𝑊𝐴, 𝑊𝐵, 𝑊𝐶 , 𝜆) = 𝜎𝑃

2 + 𝜆(𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 − 1) 

 

 

First order conditions (setting derivatives to zero) 

𝜗ℒ

𝜗𝑊𝐴
= 2𝑊𝐴𝜎𝐴

2 + 2𝑊𝐵𝜎𝐴𝐵 + 2𝑊𝐶𝜎𝐴𝐶 + 𝜆 
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𝜗ℒ

𝜗𝑊𝐵
= 2𝑊𝐵𝜎𝐵

2 + 2𝑊𝐴𝜎𝐴𝐵 + 2𝑊𝐶𝜎𝐵𝐶 + 𝜆 = 0 

𝜗ℒ

𝜗𝑊𝐶
= 2𝑊𝐶𝜎𝐶

2 + 2𝑊𝐴𝜎𝐴𝐶 + 2𝑊𝐵𝜎𝐵𝐶 + 𝜆 = 0 

𝜗ℒ

𝜗𝜆
= 𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 − 1 = 0 

 

The gradient vector of the function G is perpendicular to the constraint curve on all points 
along it. 

 

 

 

 

Question 1.2 
The purpose of the restraint being the sum of all weights equals to one, is the mimicking of an 
investment scenario. You want all of your money to be fully invested, because without it you 
can make any return. If this restraint was not introduced, then all weights would’ve been 0, 
because that’s where variance would be the lowest. At the same time any leverage wasn’t 
being introduced, so the weights wouldn’t be able to be over 1 either.  

 

Question 1.3 
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The portfolio variance would thus look like  

𝜎𝑃
2 = 9𝑊𝐴

2 + 16𝑊𝐵
2 + 16𝑊𝐶

2 + 2 · 3𝑊𝐴 · 𝑊𝐵 + 2 · 3𝑊𝐴 · 𝑊𝐶 + 2(−4) · 𝑊𝐵 · 𝑊𝐶  

Simplified to 

𝜎𝑃
2 = 9𝑊𝐴

2 + 16𝑊𝐴
2 + 16𝑊𝐶

2 + 6𝑊𝐴 · 𝑊𝐵 + 6𝑊𝐴 · 𝑊𝐶 − 8𝑊𝐵 · 𝑊𝐶  

With a constraint of 𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 = 1 

 

Like in 1.1 we apply the lagrangian 

ℒ(𝑊𝐴, 𝑊𝐵, 𝑊𝐶 , 𝜆) = 𝜎𝑃
2 + 𝜆(𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 − 1) 

 

Which gives the equation  

 

9𝑊𝐴
2 + 16𝑊𝐴

2 + 16𝑊𝐶
2 + 6𝑊𝐴 · 𝑊𝐵 + 6𝑊𝐴 · 𝑊𝐶 − 8𝑊𝐵 · 𝑊𝐶 +  𝜆(𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 − 1) 

Now we take the derivatives with regards to 𝑊𝐴, 𝑊𝐵, 𝑊𝐶  𝑎𝑛𝑑 𝐿𝑎𝑚𝑑𝑎 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦 

𝜗ℒ

𝜗𝑊𝐴
= 18𝑊𝐴 + 6𝑊𝐵 + 6𝑊𝐶 + 𝜆 

𝜗ℒ

𝜗𝑊𝐵
= 6𝑊𝐴 + 32𝑊𝐵 − 8𝑊𝐶 + 𝜆 = 0 

𝜗ℒ

𝜗𝑊𝐶
= 6𝑊𝐴 − 8𝑊𝐵 + 32𝑊𝐶 + 𝜆 = 0 

𝜗ℒ

𝜗𝜆
= 𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 − 1 = 0 

 

To simplify the system, we eliminate 𝜆by subtracting the  𝑊𝐶  first order condition from the 𝑊𝐶   
first order condition. This works because 𝜆 appears identically in both equations, so it 
cancels, revealing the relationship between 𝑤𝐵and 𝑤𝐶. The reason why we do it with B and C 
rather than A and B/C is because B & C FOC’s have 6𝑊𝐴 in common 

(6𝑊𝐴 + 32𝑊𝐵 − 8𝑊𝐶 + 𝜆) − (6𝑊𝐴 − 8𝑊𝐵 + 32𝑊𝐶 + 𝜆) = 0 

Then we distribute  

= 6𝑊𝐴 + 32𝑊𝐵 − 8𝑊𝐶 + 𝜆 − 6𝑊𝐴 + 8𝑊𝐵 − 32𝑊𝐶 − 𝜆 
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We can now cancel out 6𝑊𝐴 𝑎𝑛𝑑 6𝑊𝐴 

And 𝜆 − 𝜆 

Leaving us with 

32𝑊𝐵 + 8𝑊𝐵 + (−8𝑊𝐶 − 32𝑊𝐶) = 0 

We combine the terms to get 

40𝑊𝐵 − 40𝑊𝐶 = 0 

Divide 40 and get: 

𝑊𝐵 − 𝑊𝐶 = 0 = 𝑊𝐵 = 𝑊𝐶  

 

We can now treat B & C as equals and we now only need to know what the weight of A is in 
order to be able to solve all weights.  

We know that 𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 = 1  

Thus we can use this information to set up the equation 

𝑊𝐴 + 2𝑥 = 1  

To isolate the value of 𝑊𝐴 we minus by 2x on both sides  

𝑊𝐴 = 1 − 2𝑥  

We can now plug this into the first order condition and find the weights of all three variables 

𝜗ℒ

𝜗𝑊𝐴
= 18𝑊𝐴 + 6𝑊𝐵 + 6𝑊𝐶 + 𝜆 

Remember that 𝑊𝐵 𝑎𝑛𝑑 𝑊𝐶  𝑎𝑟𝑒 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑎𝑠 𝑒𝑞𝑢𝑎𝑙𝑠 𝑎𝑛𝑑 𝑎𝑠 𝑋 

18(1 − 2𝑥) + 6𝑥 + 6𝑥 + 𝜆 

Simplifying = 18 − 36𝑥 + 12𝑥 + 𝜆 becomes 18 − 24𝑥 + 𝜆 

We can now do the substitution in one of the other first order conditions, as we need them to 
cancel out lambda  

𝜗ℒ

𝜗𝑊𝐵
= 6𝑊𝐴 + 32𝑊𝐵 + 8𝑊𝐶 + 𝜆 = 0 

6(1 − 2𝑥) + 32𝑥 − 8𝑋 + 𝜆 = 0 

6 − 12𝑥 + 32𝑥 − 8𝑥 + 𝜆) = 0 
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6 − 12𝑥 + 𝜆 = 0 

We now subtract the two to eliminate lambda and solve for x 

(18 − 24𝑥 + 𝜆) − (6 + 12𝑥 + 𝜆) = 0 

12 − 36𝑥 = 0 

𝑥 =
1

3
 

 

𝑊𝐴 = 1 − 2 ·
1

3
=

1

3
 

Meaning 𝑊𝐴 =
1

3
+ 𝑊𝐵 =

1

3
+ 𝑊𝐶 =

1

3
= 1 

 

 

Question 1.4 
The difference between 1.3 and 1.4 is that 1.4 introduces another constraint, which requires 
another lambda term.  

Variances are the same as in 1.3  

 

 

Weight constraint is still 𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 = 1 

Target expected return = 18 

10𝑊𝐴 + 20𝑊𝐵 + 20𝑊𝐶 = 18 

Portfolio variance =  

𝜎𝑃
2 = 9𝑊𝐴

2 + 16𝑊𝐶
2 + 16𝑊𝐶

2 + 6𝑊𝐴 · 𝑊𝐵 + 6𝑊𝐴 · 𝑊𝐶 − 8𝑊𝐵 · 𝑊𝐶  

Because we have two equality constraints, two lagrangian multipliers will be used  

ℒ = 𝜎𝑃
2 + 𝜆1(𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 − 1) + 𝜆2(10𝑊𝐴 + 20𝑊𝐵 + 20𝑊𝐶 − 18) 
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First order conditions 

𝜗ℒ

𝜗𝑊𝐴
= 18𝑊𝐴 + 6𝑊𝐵 + 6𝑊𝐶 + 𝜆 + 10𝜆2 = 0 

𝜗ℒ

𝜗𝑊𝐵
= 6𝑊𝐴 + 32𝑊𝐵 − 8𝑊𝐶 + 𝜆 + 20𝜆2 = 0 

𝜗ℒ

𝜗𝑊𝐶
= 6𝑊𝐴 − 8𝑊𝐵 + 32𝑊𝐶 + 𝜆1 + 20𝜆2 = 0 

𝜗ℒ

𝜗𝜆1
= 𝑊𝐴 + 𝑊𝐵 + 𝑊𝐶 − 1 = 0 

𝜗ℒ

𝜗𝜆2
= 10𝑊𝐴 + 20𝑊𝐵 + 20𝑊𝐶 − 18 = 0 
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Question 2.1 

 

 

Question 2.2 

 

Question 2.3  
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Question 2.4 

 

 

Question 2.5 
 

 

 

Question 2.6 
 

They are the same  
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Factor Model - REITS 

Introduction  
The U.S Real Estate Investment Trust (REIT) market bears great significance in the American 
real estate market as well as the American economy. REITS are financial vehicles founded 
with the sole purpose of investing in real estate and its subsectors and distributing profits as 
dividends to the investors. REITS as equities allows for investors to get a direct financial 
exposure to the broad real estate market, which is otherwise a market for experienced and 
cash-heavy participants. The public offered REIT market consists of an equity market 
capitalization of 1.483 trillion as of November 2024 (REIT Industry Financial Snapshot, 2024) 
excluding mortgage REITS; an alternative form of REIT, that only engages in investments in 
mortgages. Public REITS owns 580.000 properties, which carries a gross asset value of 4 
trillion dollars including listed and non-listed REITS. 170 million Americans reside in homes 
owned by REITS, which is approximately half of the population of the United States. (REIT by 
the Numbers, 2023) 

REITS were introduced in the 1960s to make real estate investing more accessible to smaller 
investors. Created by legislation and accompanied by requirements to govern various aspects 
of a REIT’s operations, income distribution, asset composition and shareholder structure. This 
includes amongst others the requirement to keep 75% of assets in real estate, cash or U.S 
treasuries, derive 75% of gross income from rent, interest on mortgages or real estate sales 
and to distribute 90% of taxable income to shareholders through dividends.  
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The inherent characteristics of REITS resembles those of fixed income investments, due to its 
predictable, cash heavy returns which form the basis for regular dividend payments. In 
addition to fixed-income-like structure, REITS are seen as a hedge to inflation concerns, as 
leases and market rents tend to follow the development of the consumer pricing index. 
Conversely investors are exposed to the change of underlying market conditions, which might 
lead to properties in the portfolio depreciating in value, rent levels decreasing or increasing 
vacancies.  

Prior studies claim that REIT returns are driven by macroeconomic factors, such as GDP 
growth, employment and interest rates (Essa & M.S 2023). These factors amongst others 
influence real estate fundamentals, such as property demand, rental levels and financing 
costs, making REITS sensitive to broader economic trends. For instance, the literature posits 
that GDP growth drives demand across office, retail and industrial REITS, while employment 
levels directly impact residential and office REITS.  

Another study suggests that this effect has been strengthened by the increased level of 
professionalism and institutional ownership (Essa & M.S 2023), which has been a trend in 
REITS for the last 25 years, as a result of the introduction of the REIT modernization act of 
1999, making the investment of REITS more enticing to institutional investors.   

This project will extrapolate on this prior literature, introducing a purpose of understanding the 
relationship between macroeconomic factors and REIT returns in the US for different 
subsectors of REITS.   

Research question : To what extent do selected macroeconomic variables explain monthly 
returns of residential, office, and retail REIT portfolios in the pre-COVID period (1988–2019) 

Methodology 
In this study, AI tools (including ChatGPT) were used as a supportive aid for idea generation 
and inspiration for phrasing during the writing process. The AI outputs were treated as 
suggestions only and were critically reviewed and adapted where relevant. All analysis, 
argumentation, structure, and final wording of the thesis including interpretation of sources 
and conclusions were produced by me, and I take full responsibility for the content. 

In order to investigate the relationship between REIT returns and the macroeconomic, a factor 
model will be employed. The purpose of factor models is to create a model, that explains the 
relationship between the factors and the dependent variable to an extensive degree in an 
unequivocal manner, that doesn’t impose a high degree of variance in the model. This allows 
for each factor to be interpreted in an isolated manner. The real-life application of such study 
could be utilized by portfolio managers, choosing their next investment. If the study proves to 
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be statistical significant, it could help portfolio managers navigate which investment has the 
best risk profile, that matches their investment strategy. In this context, the risk profile is 
based on macroeconomic factors. This study will focus on three subsectors of REITS, 
specifically residential REITS, Office REITS and retail REITS. A portfolio manager might find, 
that office REITS bear the lowest sensitivity to a set of variables, thus making it an adequate 
investment for their portfolio.  

The project is characterized by a confirmatory approach, as the purpose is to test predefined 
relationships between REITS and macroeconomic factors based on existing financial 
literature. The variables and existing literature will be accounted for later in this section. The 
project will be hypothesis-driven, meaning a hypothesis for the relationship between the 
direction of the returns and the macroeconomic variable will be outlined.  Econometric 
methods such as multiple regression will be utilized to asses the fit of the hypothesized model 
to the data and diagnostic test will ensure the model fits the predefined assumptions.  

  

The analytic framework behind this factor analysis is the Arbitrage Pricing Theory (APT), a 
theory that claims that asset returns can be explained by a set of factors, yet only regarding its 
systematic risk (Chen et al., 1986). The theory is closely related to the widely known asset 
pricing model of CAPM, which also claims that asset pricing can only be predicted by its 
broad exposure to the markets, which is given by its beta.  These theories are based on the 
notions of Modern portfolio theory (Markowitz, 1952), which argues that investors can 
eliminate all unsystematic risk or firm-specific risk, by holding a well-diversified portfolio. This 
leaves investors with only a risk of being invested in the markets and the magnitude of this risk 
is characterized by its sensitivity to the markets given by beta. Individually curated factors 
models like one of this kind differs from the traditional Capital Asset Pricing Model, as it 
delves deeper into the underlying factors that governs the market movements, and attempts 
to isolate these factors in order to be able to preemptively predict expected asset returns. The 
arbitrage pricing theory rests on the principle of no-arbitrage, meaning they assume that 
markets are efficient (Fama, 1991). Any difference in valuations for the same cash-flow profile 
must mean that investors deem the two assets to have a differential in their underlying risk of 
these expected cash flows.  

The Arbitrage Pricing Theory is well suited for identifying systematic risk factors within REITS, 
as real estate markets are heavily influenced by systematic risk factors of macroeconomic 
conditions.(Chen et al., 1986) 

The factor model is expressed as:  
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𝑅𝑖 = 𝛼𝑖 + ∑ 𝛽𝑖𝑗𝐹𝑗 + 𝜀𝑖

𝑘

𝑗=1

 

Where  

𝑅𝑖 = 𝑇ℎ𝑒 𝑟𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝑎𝑠𝑠𝑒𝑡 𝑖 

𝑎𝑖 = 𝑇ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡, 𝑤ℎ𝑖𝑐ℎ 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑡ℎ𝑒 𝑎𝑠𝑠𝑒𝑡′𝑠 𝑟𝑒𝑡𝑢𝑟𝑛 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑐𝑡𝑜𝑟𝑠.  

Under this specification, the intercept 𝛼𝑖 captures the average component of sector returns 
that is not explained by the included macro factors. A statistically different intercept does not 
imply mispricing by itself. It may reflect omitted risk factors ( for example broader equity/REIT 
market exposure), sector-specific fundamentals, measurement or remaining 
misspecification. For this reason, 𝛼𝑖is interpreted as unexplained average return rather than 
as evidence of arbitrage opportunities. 

𝛽𝑖𝑗 = 𝑇ℎ𝑒 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑎𝑠𝑠𝑒𝑡 𝑖 𝑡𝑜 𝑓𝑎𝑐𝑡𝑜𝑟 𝑗 

𝐹𝑗 = 𝑇ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟 𝑗 𝑤ℎ𝑖𝑐ℎ 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑎 𝑠𝑦𝑠𝑡𝑒𝑚𝑎𝑡𝑖𝑐 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑣𝑎𝑟𝑖𝑎𝑙𝑏𝑒 

𝜀𝑖 = 𝑇ℎ𝑒 𝑖𝑑𝑖𝑜𝑠𝑦𝑛𝑐𝑟𝑎𝑡𝑖𝑐 𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑎𝑠𝑠𝑒𝑡 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑟𝑖𝑠𝑘 

In a diversified portfolio the error term of the individual assets should be negligible  

This model provides a flexible framework for capturing systematic risks, with coefficients 
quantifying the sensitivity of REIT returns to each factor. The inclusion of log transformations 
for variables such as GDP and M2 money supply aligns with findings by Chen, Roll, and Ross 
(1986), who demonstrated the significance of logarithmic changes for capturing proportional 
relationships in macroeconomic data. 

Factor Selection 
Criteria for Selection 

The initial factors for the model have been chosen on its theoretical relevance, empirical 
evidence, and availability of high-quality data. A confirmatory approach ensures that selected 
variables align with established economic theories and prior findings in the literature.  

Selected Factors and Rationales 

Interest Rates  

Interest rates is a key component In capital markets and a driving factor in the economy. The 
fed-funds effective rate will be used as a proxy for interest rates, as it represents an 
approximation of the borrowing costs for REITS and its comparable opportunity cost for 
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alternative investments such as investments in treasury bills. If the returns of the REITS are in 
proximity to of the risk-free rate, investors could be more likely to invest in the risk-free 
treasuries. The underlying conditions of the operations and financing of the properties could 
also be affected by these conditions, as the income is being consumed by the costs of 
financing. Another influencing factor of interest rates could be its effect on the consumer 
behavior in the geographical area, where the REITS operate. This could lead to a change in the 
spending power of consumers, meaning the available funds for housing, office and retail 
spaces are expanded or constrained. Interest rates and the risk-free rate are direct inputs, in 
the calculation of capitalization rate, which is the discount rate used for valuations. An 
increase in capitalization rates for the same amount of income will lead to a decrease in 
property values.  

Based on prior empirical studies a negative relationship is expected, meaning that an 
increase in interest rates will lead to a decrease in REIT returns and vice-versa (Ling & Naranjo, 
1997) 

Source:  Federal Reserve Economic Data (FRED).  

 

Inflation 

Inflations impacts REITS performance, due to its inherent properties of increasing prices, 
which in sustained periods will lead to increased interest rates. This theory is the key 
argument of the fisher effect. (Fisher, 1932).  

As argued earlier real estate investments and REITS are claimed to be inflation proof, as 
landlords can index their market rents with the consumer pricing index, meaning that the 
income is not fixed.(Chen et al. 1986) This carries with it the risk of higher vacancies in the 
properties, as tenants are not able to pay rent, which in sustained periods will force landlords 
to create leases with lower rents levels, thus effectively eliminating the claim of a inflation 
hedge.  

The year-over-year (YoY) Consumer Price Index (CPI) is used as a measure of inflation. 

Inflation is expected to have a negative relationship with REIT returns, but might have a high 
degree of multicollinearity due to correlation with interest rates.  

Data Source: Bureau of Labor Statistics (BLS).  
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GDP Growth  

Economic expansion drives demand for real estates, which should have a positive effect on 
REIT returns (Chaudhry et al., 2022). As the gross domestic product increase, this should 
derive from the underlying businesses in the economy thriving. This leads to a higher spending 
level for both businesses and consumers, which in turn is expected to drive the demand for 
real estate in terms of increased capacity for businesses and increased available funds for 
consumers to spend on housing. This latter claim will affect rental levels, but also 
capitalization rates, as housing demand increases, the supply is supposed to be constrained 
on the short-term resulting in a yield compression.  

GDP growth is adjusted from quarterly to monthly data using a cubic spline method to 
maintain temporal consistency. 

Data Source: Federal reserve of economic data (FRED)  

 

 

 

Unemployment Rate  

Unemployment rates affect disposable income and consumer spending, impacting 
residential and retail segments as well as an underlying indicator of the health of the office 
sector.  

Unemployment is expected to have an inverse relationship with REIT returns. (Chaudhry et al., 
2022) 

 

Data Source: U.S. Bureau of Labor statistics : Wheaton (1999) emphasizes the adverse 
effects of unemployment on property demand. 

Government Bond Spreads  

The yield spread between 10-year and 3-month Treasury bonds captures economic 
growth expectations and is widely known as the term spread. It reflects investors 
perceptions of long- and short term economic conditions.  

The yield curve is a visual representation of the relationship between long- and short-
term treasury securities. The usual shape of the yield curve is an upward-sloping one, 
reflecting its typical concavity. Maturity being on the x-axis and yield being on the y-
axis, this typical relationship means that investors require a higher yield on securities 
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with a longer maturity - also called the term premium. In times of economic turmoil 
yield curves tend to be inverse, meaning that investors require higher yield on short-
term securities as opposed to long-term ones.  

As the bond markets are highly efficient and controlled by real-time trades, they can 
offer crucial insights to REIT returns and the underlying economic factors that affect it.  

Empirical studies confirms a positive relationship between the term spread and REIT 
returns. (Chen et al., 1986) 

Data Source: FRED.  

Market liquidity  

The M2 money supply, a measure of liquidity that includes cash, checking deposits, and 
easily convertible near money, is a relevant factor for a REIT model as it reflects the 
availability of capital in the economy. Liquidity conditions captured by M2 significantly 
influence borrowing costs, consumer spending, and investment flows, which are central to 
REIT performance. 

When liquidity in the economy is abundant (high M2 growth), borrowing costs tend to be 
lower, and capital availability increases, enabling REITs to finance acquisitions and 
development projects more efficiently. Additionally, higher liquidity often boosts economic 
activity, driving demand for commercial and residential real estate, increasing rental income, 
and improving occupancy rates. Conversely, when liquidity tightens, borrowing costs rise, 
reducing REITs' profitability and dampening property demand. 

Empirical studies support the inclusion of liquidity measures like M2 in REIT models. For 
instance, Chen, Roll, and Ross (1986) identified the money supply as a significant 
macroeconomic factor influencing asset returns. Similarly, Ling and Naranjo (1997) found that 
changes in monetary conditions, including liquidity measures, substantially impact real 
estate securities, highlighting the role of M2 in explaining REIT return dynamics. 

Data Source: Federal Reserve. 

 

Hypothesized relationship between factors and returns 

Factor Relationship Rationale 
GDP Growth + Positive economic 

growth drives 
demand/cash-flows 

Employment  + More employment - 
more economic 
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prosperity, which means 
higher demand and 
purchasing power 

Fed funds rate - Higher cost of capital, 
means higher cap rates, 
essentially devaluing 
assets on balance sheet 
and making refinancing 
more expensive 

Inflation +/- Multifaceted - higher 
inflation creates higher 
cap rates, but also 
higher indexation of 
rents possible 

Term spread  + Growth expectation  
M2 growth +  More liquidity in market - 

more transactions, 
increasing liquidity and 
driving prices on assets. 
Lower borrowing costs. 
Drives demand 

 

 

Data Transformation and Validation 
To capture as many market dynamics as possible, whilst keeping the validity of the findings a 
monthly frequency was chosen. The study engages with well documented data such as 
macroeconomic factors, as well as public security returns, which means that there are no big 
trade-offs in terms of the frequency of the observations and the precision of the data.  

Albeit some changes were necessary.  

Choosing between inflation measures 

Year-over-year figures for monthly inflation is preferred as it offers several advantages in the 
scope of this project. Firstly it is season-adjusted meaning it compares to periods in the same 
yearly cyclical pattern, which mitigates potential influence of seasonal patterns and 
eliminates any kind of bias that might be inferred, if one was unaware of these conditions. The 
year-over-year measure represents long-term trends, reducing the risk of potential short-term 
inflation shocks, that might have been apparent with month-over-month figures. This does not 
mean that unsustained Year-over-year price shocks in prices do not happen. If there is a 
substantial price shock in the base year, this might still appear as an anomaly on the Year-
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over-year figures, but generally because the prices development is aggregated over 12-
months, the effect should be smoothened out. This means that the variance of year-over-year 
figures should be smaller than corresponding figures in month-over-month. This mitigation of 
variance should decrease the risk of heteroscedasticity in the econometric diagnostics.  

GDP adjustment from quarterly to monthly data 

GDP is reported on a quarterly basis, which leads to the need to convert these figures into 
monthly. This will be done through a cupic spline interpolation. This process generates a 
smooth estimate of the GDP values in the months in between the quarters.  

The cupic spline interpolation method was chosen, as it mimics the natural development of 
the gross domestic product, as opposed to linear interpolation.  

Log Transformations 

To account for the exponential nature of GDP and M2 money supply, these variables will be 
converted into log-growth transformations. The two variables are exponential by nature, due 
to their inherent connection to inflationary pressure. Throughout history, inflationary periods 
has been substantially prevalent compared to those of deflationary periods. It’s a natural 
mechanic of economies.  

Log-growth aligns with the underlying exponential nature of these variables, making growth 
figures over longer time periods more comparable and avoids overstatement of growth over 
long periods.  

REIT prices are converted into monthly log returns for three reasons. First, log returns are 
time-additive, meaning multi-period returns can be aggregated by summing log returns. This 
is convenient when aligning financial returns with macroeconomic variables that are 
observed at monthly frequency and when comparing returns across different horizons. 
Second, log returns treat proportional price changes symmetrically and provide a more stable 
scale for regression modelling; for typical monthly return magnitudes, log returns are also very 
close to simple percentage returns, so the economic interpretation remains intuitive. Third, 
working at the monthly frequency reduces microstructure noise and day-to-day volatility that 
is less relevant for macroeconomic transmission, and it aligns the dependent variable with 
the frequency of the explanatory variables (GDP growth, inflation, monetary policy measures, 
etc.). We therefore compute monthly log returns from daily prices by taking the log of the ratio 
between the last and first observed price within each month. 

Transforming the data into log-growth figures will be an advantage, if the growth rates span 
over a long time, thus allowing for compounding effects to take effect. Another scenario 
would be if changes are large, from year to year.  
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Transforming the data into log-figures increases it stationarity, a critical factor in Ordinary 
least squares for the regression model, as well as stabilize variance increasing the reliability 
of the regression model.  

This method is consistent with other empirical studies in similar studies. (Chen et. al,. 1986), 

To confirm that the GDP and M2 data is exponential the raw data will be plotted onto a curve. 
If the it is exponential developing, the log transformation will be plotted to confirm linearity  

Scope and Sources 

Data spans 30 years (from 1988-2019), covering multiple economic cycles. Whilst avoding the 
regime change of covid, which due to it’s extremities might introduce dynamics into the 
inferences, that might not be aligned with how markets act in under normal conditions.  
 
 The independent variable data has been sourced from U.S Bureau of Labaor Statistics and 
Federal Reserve of Economic Data.  

Data and Sample Construction 

This study combines daily REIT price data with monthly macroeconomic variables to estimate 
sector-level factor models. Daily REIT prices are converted into monthly log returns by 
computing the log of the ratio between the last and first observed price within each calendar 
month. This study focuses on three subsectors of REITS, which are residential, office and 
retail, where each sector return series is constructed as the equal-weighted average of the 
individual REITs’ monthly log returns. All macroeconomic series are converted to a monthly 
date index (first day of each month) and merged by month. Because macro series do not all 
start/end at the same date, the analysis uses the common available range and then applies 
explicit sample windows for estimation. 

Linear Factor Model Specification 

For each sector (residential, office & retail) the baseline empirical model is a linear regression 
of monthly sector returns on macro factors: 

Here the dependent variable is the sector’s monthly log return, and the regressors represent 
economic activity (GDP growth), labor market conditions (employment rate), monetary policy 
stance (Fed Funds level, inflation, term spread, and liquidity (M2 growth). The models are 
estimated separately for each sector using OLS. 

Data Integrity and Alignment Checks 

Before estimation, the merged monthly dataset is checked for date consistency and 
alignment across series. Each input series is sorted by date, converted to a month index, and 
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merged using a full join on the monthly date. The final analysis dataset is ordered 
chronologically and checked for irregular gaps and duplicates.  

A series of exploratory data methods will be employed to check the dependent and 
independent variables for outliers, anomalies and trends.  

 

Diagnostics  

Following estimation of the baseline sector regressions, the model residuals are evaluated 
using a sequence of diagnostic tests. This diagnostic workflow determines whether classical 
OLS assumptions are violated and whether specification adjustments or robust inference are 
required. 

Diagnostic tests are evaluated at the 5% significance level. For the Breusch–Pagan test, 
rejection of the null of homoskedasticity indicates heteroskedasticity in the residuals. For the 
Breusch–Godfrey test (order 12), rejection of the null indicates residual serial correlation. 
These outcomes are used as decision rules for inference: when either heteroskedasticity or 
autocorrelation is detected, 

Diagnostic Testing Strategy and Econometric Validity 

Following estimation of the baseline linear factor regressions by ordinary least squares (OLS), 
a structured diagnostic procedure is applied to assess whether the assumptions underlying 
conventional OLS inference are credible in a monthly macro–finance setting. Because the 
dependent variables are asset returns and the explanatory variables are macroeconomic time 
series, violations such as heteroskedasticity, serial correlation, and functional-form 
misspecification are plausible. If present, these violations can lead to biased standard errors, 
unreliable hypothesis tests, and unstable coefficient interpretations creating potential false 
inferences about the relationship between macro-factors and REIT returns. The diagnostic 
stage therefore has two roles - one is to figure out the right way to handle standard errors and 
OLS inference, another is to catch useless variables early on, allowing for adjustments of 
these variables, such as introducing lags or other kinds of manipulations.  

Baseline OLS Estimation as a Reference Specification 

Each sector model is first estimated using OLS to obtain coefficient estimates and residuals. 
Under exogeneity, OLS coefficient estimates can remain unbiased and consistent; however, 
the usual t- and F-tests rely on additional assumptions about the error structure, including 
homoskedasticity and the absence of serial correlation. These assumptions are frequently 
violated in return regressions, particularly at monthly frequency, making residual-based 
diagnostics essential before interpreting statistical significance. 
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Heteroskedasticity: Breusch–Pagan Test 

Residual heteroskedasticity is evaluated using the studentized Breusch–Pagan (BP) test. The 
null hypothesis is homoskedasticity, i.e., constant conditional variance of the disturbance 
term 

𝐻0:  𝑉𝑎𝑟(𝜀𝑡 ∣ 𝑋𝑡) = 𝜎2. 

 

(figure 1) 

Rejection of this null indicates that the variance of the residuals varies systematically with the 
regressors or across time. In the context of asset returns, heteroskedasticity is economically 
plausible due to volatility clustering and changing market conditions. While 
heteroskedasticity does not, by itself, imply biased coefficient estimates under exogeneity, it 
invalidates conventional OLS standard errors, motivating robust inference methods. 

In this setting, exogeneity means that the part of REIT returns the model does not explain (the 
error term 𝜀𝑡) is not related to the macro variables 𝑋𝑡used in the regression. In other words, 
there should not be a systematic link between the regression residuals and the included 
factors. If this holds, the estimated coefficients can be read as the sector’s return sensitivity 
to each factor, rather than being driven by reverse causality or missing variables. 

 

 

 

Autocorrelation: Breusch–Godfrey Test 

Residual serial correlation is tested using the Breusch–Godfrey (BG) test. The test is run with 
12 lags, which is a natural choice for monthly data because it allows correlation over roughly 
one year. The null hypothesis is that the residuals are not autocorrelated up to lag 12: 
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𝐻0:  𝜌1 = 𝜌2 = ⋯ = 𝜌12 = 0. 

If the null is rejected, it indicates that the residuals are correlated over time rather than 
behaving like random noise. In macro–return regressions, this can happen because macro 
effects take time to feed into asset prices, returns can be persistent, or relevant 
variables/dynamics are missing from the model. When serial correlation is present, standard 
OLS standard errors and hypothesis tests are not reliable, which supports using HAC/Newey–
West standard errors for inference. 

 

Functional Form and Misspecification: Ramsey RESET Test 

Model specification is checked using Ramsey’s RESET test. RESET is a general test for 
whether the chosen linear model leaves out important structure. The idea is to add extra 
terms based on the model’s fitted values (typically squared and cubed fitted values) and test 
whether these added terms help explain returns. The null hypothesis is that the additional 
terms are not jointly significant, meaning the baseline model is adequate. If the null is 
rejected, it suggests that the model may be misspecified—for example because important 
variables are missing, the timing/dynamics are not captured (lags), or the chosen 
transformations are not appropriate. RESET does not identify the exact reason for 
misspecification, so a rejection is treated as a signal to consider a small set of theory-based 
linear refinements (such as adding lags or using changes in interest rates). 

Multicollinearity: Variance Inflation Factors (VIF) 

Multicollinearity is assessed using the Variance Inflation Factor (VIF). VIF measures how 
strongly each regressor is correlated with the other regressors in the model. High 
multicollinearity does not bias the coefficient estimates, but it increases standard errors and 
makes it harder to detect statistically significant effects. It can also lead to unstable 
coefficient estimates, where signs or magnitudes change across similar specifications. This is 
especially relevant when several variables capture related channels (for example, monetary 
policy rates, inflation, and yield spreads). When VIF indicates problematic overlap, the 
specification is adjusted in a theory-consistent way—for instance by replacing the level of the 
policy rate with its monthly change—to reduce redundancy and improve estimation stability. 

 

Decision Rules for Remedies and Final Inference 

The diagnostic tests guide how inference and specification are handled. If heteroskedasticity 
or serial correlation is detected, conventional OLS standard errors are not used. Instead, 
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inference is based on Newey–West HAC standard errors, which remain valid when residuals 
are both heteroskedastic and autocorrelated. Though if only Heteroskedasticity is detected, 
one can use HC robust SE. If RESET indicates misspecification, a limited number of 
adjustments are considered that remain within linear regression, such as including lagged 
macro variables to reflect delayed transmission or using first differences (Δ) for interest rates 
to capture shocks rather than levels. If VIF indicates multicollinearity, overlapping variables 
are transformed or prioritized to improve coefficient stability. After any adjustment, the 
diagnostic tests are repeated to confirm whether model adequacy and stability improve, and 
the final reported results are based on the specification that is most defensible both 
economically and econometrically. 

 

Results  
The sampled data in the baseline dataset ran from 1988-04-01 till 2019-12-01 and included 
381 data points. 

The final model looks as follows  

𝑟𝑠, 𝑡 = 𝛼𝑠 + 𝛽1𝑠
𝐺𝐷𝑃𝑔𝑟𝑜𝑤𝑡ℎ𝑡−6

+ 𝛽2, 𝑠𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑡 + 𝛽3𝑠
𝛥𝐹𝑒𝑑𝑡 + 𝛽4𝑠

𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑡

+ 𝛽5𝑠
𝑌𝑖𝑒𝑙𝑑𝑆𝑝𝑟𝑒𝑎𝑑𝑡𝑡 + 𝛽6𝑠

𝑀2_𝑔𝑟𝑜𝑤𝑡ℎ𝑡 + 𝜀𝑠𝑡
 

 

Baseline results - coeffecients and magnitudes  
Appendix 2-4 shows the standard OLS models of the baseline data before any diagnostics 
have been performed and any further manipulations have taken place. 

All three models has the expected relationship dynamics with GDP_log_growth, inflation rate, 
& yield spread  

For both residential and retail employment rate has a controversial relationship in regards to 
what the theory links to, yet office aligns.  

The opposite applies to m2 growth, here residential and retail has a relationship consistent 
with theory and office has the opposite.  

The magnitudes of the coefficients looks realistic with fed_funds_rate, inflation and 
yield_spread having the largest contributors due to their non-log-conversions, as the figures 
are raw.  
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Diagnostics  
Breusch-Pagan test  

All three models (appendix 5-7) has p-values under 0,05, meaning that we can reject the null 
hypothesis homoscedasticity being apparent and assume that heteroscedasticity is the case 
instead.  

Breusch-Godfrey Test  

All three models (appendix 8-10) has p-values under 0,05, meaning that we can reject the null 
hypothesis of the regression residuals not being serially correlated and assume 
autocorrelation is apparent.  

Ramsey’s Reset Test 

All three models (appendix 11-13) has p-values under the significance level meaning we can 
reject the null hypothesis of the model being adequately fitted and thus the model needs to 
be manipulated with additional factors or tweaked factors to have a significant explanatory 
power in REIT returns.  

Solutions to Ramsey’s test 

First solution would be to introduce a lagged gdp log growth instead of one consistent with the 
actual timing of the return. Using a lagged GDP growth term is economically reasonable in a 
real estate context because the sector tends to adjust slowly. Changes in GDP reflect broader 
improvements in economic activity, but those improvements usually take time to show up in 
the channels that matter for property companies tenant demand, occupancy, rental growth, 
and leasing outcomes (Gallin J) For example, higher GDP growth often comes from stronger 
household and business spending, but that spending typically happens first and only later 
shows up in measured GDP, and it can take additional time before firms expand office space 
or households upgrade housing choices. At the same time, many real estate cash flows are 
set through leases that adjust gradually rather than instantly. For these reasons, a lagged GDP 
variable can better reflect the timing of how macroeconomic conditions translate into real 
estate fundamentals and, in turn, REIT returns. 

Ramsey’s Reset Test - with adjustments  

After the models have been fitted with a lagged GDP growth term with a lag of 6 months, the 
models improve drastically (appendix 14-16). The inclusions remove evidence of misfitting for 
residential and retail models, the office model continues to reject RESET, suggesting 
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remaining omitted structure or sector-specific dynamics. Office estimates are therefore 
interpreted more cautiously. 

Breusch-Pagan/Godfrey test on adjusted model 

Appendix 17–18 report the Breusch–Pagan and Breusch–Godfrey test results. The tests 
indicate heteroskedasticity and residual serial correlation in the sector regressions. Because 
these conditions violate the assumptions behind standard OLS standard errors, inference is 
based on Newey–West HAC standard errors in the reported results. 

 

VIF 

Across the three sector regressions, the Fed Funds rate is the only regressor with a VIF above 
the commonly used threshold of 5 (Appendix 19), indicating comparatively strong 
multicollinearity with the other factors. This level of collinearity can inflate standard errors 
and make coefficient estimates less stable. Replacing the policy rate level with its monthly 
change, could reduce multicollinearity with other slow-moving macro variables and better 
captures policy shocks that are more relevant for asset returns, leading to more stable 
estimation and inference. 

The introduction of a delta fed funds rate instead of a standard rate, proves to have solved the 
variance inflated factor problem. Appendix 19 shows that all factors are now below 5 VIF.  

 

Inference  
Statistical significance is assessed using two-sided tests at the 5% level (α = 0.05). Results 
significant at the 10%, 5%, and 1% levels are flagged for reference. Because 
heteroskedasticity and serial correlation are present, p-values and confidence intervals are 
based on Newey–West HAC standard errors. 

Significance of final model 
Appendix 20-22 shows the model statistics for the three adjusted models. After applying 
Newey–West HAC standard errors, none of the macro factors are statistically significant at the 
5% threshold in any of the three sector regressions. This suggests limited evidence that the 
selected macro variables have stable, separately identifiable marginal effects on monthly 
REIT sector returns in the sample period. 
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Explanatory power of final model 
The final linear macro-factor regressions exhibit low explanatory power across sectors. The 
residential model has 𝑅2 = 0.015(Adj. 𝑅2 = −0.001), the retail model 𝑅2 = 0.018(Adj. 𝑅2 =

0.002), and the office model 𝑅2 = 0.026(Adj. 𝑅2 = 0.010), indicating that the included macro 
variables account for only a small share of monthly return variation. Under conventional OLS 
standard errors, the change in the Fed Funds rate is significant in the office and retail 
regressions; however, this result does not hold under Newey–West HAC inference, consistent 
with heteroskedasticity and serial correlation in residuals. Overall, the evidence suggests 
that, at monthly frequency, the selected macroeconomic indicators provide limited 
standalone explanatory power for REIT sector returns in the pre-COVID sample 

Overview of results 
Coeffecients, HAC SE and P-Value for each sector  
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Conclusion 
This paper examined whether a set of macroeconomic variables can explain monthly returns 
of U.S. REIT sector portfolios (residential, office, and retail) over the pre-COVID period. A 
linear factor model was estimated for each sector using GDP growth (lagged), labour market 
conditions, changes in the Federal Funds rate, inflation, the yield spread, and money supply 
growth. Diagnostic testing indicated heteroskedasticity and serial correlation in the regression 
residuals, implying that conventional OLS standard errors are not appropriate. For this reason, 
inference throughout is based on Newey–West heteroskedasticity-and-autocorrelation-
consistent (HAC) standard errors. 

Across all three sectors, the final HAC results provide limited evidence that the selected 
macro factors have stable, separately identifiable marginal effects on monthly REIT sector 
returns. While coefficient signs can be discussed in relation to expected cash-flow and 
discount-rate channels, none of the estimated factor loadings are statistically significant at 
conventional levels once inference is corrected for heteroskedasticity and autocorrelation. 
Model fit is also low, with R² values in the range of approximately 1–3%, suggesting that the 
included macro variables explain only a small share of monthly return variation. This outcome 
is consistent with the fact that REIT returns at a monthly horizon are highly noisy and are likely 
driven by market-wide and sector-specific shocks that are not fully captured by a small set of 
macroeconomic indicators. 

Specification refinements motivated by diagnostic results improved model adequacy in parts 
of the analysis. Introducing lagged GDP growth is economically consistent with delayed 
transmission from macroeconomic activity to real estate fundamentals and reduced 
evidence of misspecification for the residential and retail specifications, although the office 
model continued to show remaining specification concerns. Replacing the level of the policy 
rate with its monthly change reduced multicollinearity relative to other macro variables and 
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better reflects monetary policy shocks, but did not materially strengthen statistical evidence 
for factor effects under HAC inference. 

In conclusion the results and inference suggest that, within a linear regression framework and 
at monthly return frequencies, the examined macroeconomic factors have limited 
explanatory power for REIT sector returns in the pre-COVID sample in their current form. A key 
limitation is that the model does not include broader market or real-estate-specific risk 
factors, which may account for a substantial portion of return variation and could clarify the 
incremental role of macroeconomic variables. Future work could extend the specification by 
incorporating extended factors, exploring sector-specific lag structures more formally, and 
assessing parameter stability across subperiods. 
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