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EXECUTIVE SUMMARY 

We have forecasted time series of House Price Index to help a Real Estate company invest 

in a city. Our analysis recommends investing in Dallas to get 38% gain in 2 years 

 Purpose: to recommend a location(/s) for our client, a real estate developer in the United 

States, such that the return on investment for the housing venture is maximum 

 Selection of cities: six cities with the highest GDP growth are selected – New York, San 

Francisco, Chicago, Washington, Dallas and Los Angeles 

 Data Source: House Price Index (HPI). Federal Housing Finance Agency (FHFA) 

publishes the index every quarter and is defined as “a weighted, repeat-sales index - 

average price changes in repeat sales or refinancing on the same properties (1)”. Base 

quarter Q1 1991 = 100, and the values are comparable over periods and across locations 

 Data Processing: The data was pre-processed to remove the values from Q1 1991 to Q4 

2007, so that the event - 2007 housing market crash - is avoided. The forecast horizon is 

two years (Q3 2016 to Q2 2018). 

 Forecasting method shortlisted based on similarity of % gains on validation: We 

shortlisted the best forecasting method based on similarity of the % gains over the 

validation period for model and actual, along with RMSE & MAPE for validation period. 

 Recommendations: plot depicts the time series for HPI along with the forecast values 

(shown in dotted lines). Based on the results of our analyses, we recommend choosing 

Dallas, TX because its HPI is estimated to grow the highest (38%) in the next two years. 

 

 Risks: The company should diversify the risk by investing in more than 1 location and 

investigate tax and bank considerations. 



Business Goal 

Predict the house price index, for various regions in United States, for the next 5 years. This 

data forecast will be particularly helpful for Real Estate Developers in US.  

 Investment Decision: Being able to predict the potential increase the house prices 

positions the company better to make the right choices by deciding the city to invest in. 

 Future Decisions: Capital is scarce for Real Estate firms, if the company can predict the 

prices well, they can plan their capital well for future investments. 

 Manage capital with the bank: For working capital requirement most of the properties 

are held with the bank, thus better predict 

Data Used  

- The data captures The Federal Housing Finance Agency House Price Index (HPI), a broad 

measure of the movement of single-family house prices. It is a weighted, repeat-sales index.  

- Measures the average price changes in repeat sales or refinancing on the same properties.  

- The data starts from Q1 1991 and ends at Q2 2016. The Index is set at Q1 1991 =100. The 

data has trend and quarterly seasonality. (Kaggle - Link) 

 

- Data after housing market crash of 2007 considered: total 34 data points post event 

o Post event pattern has no sudden changes in level, trend, seasonality and noise 

- Partitioning: 26 period (6.5 years) training and 8 period (2 years) validation 

- Forecast horizon of 8 periods (2 years) chosen based on business goals 

Forecasting Methods: 

- MAPE, RMSE on validation period: Chosen to standardize the errors across methods 

with different prediction output counts. (Non-Seasonal Naive has error based on 33 

predictions while Seasonal Naive has error based on 30 predictions) 

- Actual Gains of HPI over the validation period were compared with the precited Gains of 

each forecasting model and the model with closest prediction to actual has been selected 

- Residual plots were analyzed with the ACF and PACF plots to check for the uncaptured 

trend and seasonality in the model. The model with random residuals was selected. 
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Analysis Results 
Washington HPI 

 Considered data 2008Q1 to 2016Q2 and eliminated data before the 2008 crisis 
 Partitioned the data as 26 in 

Training and 8 in Validations  
 Selected Holtz-Winters additive 

as the best method for forecasting 
based on best MAPE, RMSE and 
difference in increase in index vs actual for validation data 

 Forecasted HPI for 
next 2 years (beyond 
vertical red line) 
 If the company 
buys a property at 
index of 301.16, then 
it will be able to sell 
it at a margin of 
19.4% at 359.6 as the 
index. 

Chicago HPI 
 Considered data 2008Q1 to 2016Q2 and eliminated data before the 2008 crisis 
 Partitioned the data as 26 in Training 

and 8 in Validations  
 Selected Holtz-Winters as the best 

method for forecasting based on best 
MAPE, RMSE and difference in 
increase in index vs actual for validation data 

 Forecasted HPI for next 2 
years (Yellow dotted line)  
 If the company buys a 
property at index of 203.54, 
then it will be able to sell it 
at a margin of 8.3% at 
219.92 as the index. 

 
New York HPI 

 Considered data 2008Q1 to 2016Q2 and eliminated data before the 2008 crisis 

 Partitioned the data as 26 in 
Training and 8 in Validations 

Naïve Seasonal Naïve Regression Holtz-Winter

RMSE 27.88 40.67 13.60 9.97

MAPE 8.05% 14.61% 4.47% 2.82%
% Increase in Index 
Validation Period

0% 0% 28.45% 14.43%

Difference from 
actual i.e. 20.27%

20.27% 20.27% 8.18% 5.84%

Naïve Seasonal Naïve Regression Holtz-Winter

RMSE 6 13 21 6

MAPE 3% 4% -10% 3%

% Increase in Index 
Validation Period

0 0 26.00% 14.00%

Difference from 
actual i.e. 8%

8% 8% 18.00% 6.00%



 Selected Holtz-Winter additive as the best method for forecasting based on best MAPE, 
RMSE and difference in increase in index vs actual for validation data 

 Forecasted HPI for next 2 years (beyond vertical red line) 
 If the company buys a property at index of 250.54, then it will be able to sell it at a margin 

of 5.9% at 265.03 as the index. 
Dallas HPI 

 Considered data 2008Q1 to 2016Q2 and eliminated data before the 2008 crisis 
 Partitioned the data as 26 in Training 

and 8 in Validations  
 Selected Quadratic Regression as the 

best method for forecasting based on 
best MAPE, RMSE and difference in 
increase in index vs actual for validation data 

 Forecasted HPI for 
next 2 years (beyond 
vertical red line) 
 If the company 
buys a property at index 
of 257, then it will be 
able to sell it at a 
margin of 38.5% at 
356 as the index. 

 
Los Angeles HPI 

 Considered data 2008Q1 to 2016Q2 and eliminated data before the 2008 crisis 

 Partitioned the data as 26 in 
Training and 8 in Validations  
 Selected Double Exponential 
smoothing as the best method for 

forecasting based on best MAPE, RMSE and difference in increase in index vs actual for 
validation data 

 Forecasted HPI for next 2 years (dotted red line) 
 If the company buys a property at index of 260, then it will be able to sell it at a margin of 

14.9% at 299.43 as the index. 

Naïve
Seasonal 

Naïve
Regression Holt-Winters 

RMSE 4.352 12.619 0.014 23.983
MAPE 1.81% 5.01% 1.41% 10.27

% Increase in 
Index Validation 

Period
0.00% 0.00% 26.19% 23.18%

Difference from 
actual i.e. 24.73%

24.73% 24.73% 1.46% 1.55%



CONCLUSION 

Dallas is the city with highest expected return. House Prices across Dallas are expected to gain 

38.5%. Prices are expected to follow the trend and seasonality for the coming 2 years. The 

effects of an economic downturn might affect these prices. 

 Dallas Washington Los Angeles Chicago 
San 

Francisco 
New York 

Forecasting 
Method used 

Quadratic 
Regression 

Holt-Winters 
Additive 

Double 
Exponential 

Holt-Winters 
Additive 

Holt-Winters 
Additive 

Holt-Winters 
Additive 

Buy Index in 
Q2 2016 

257.37 301.16 260.43 203.06 356 250.24 

Sell Index in 
Q2 2018 

356.41 359.6 299.24 219.92 444.45 265.03 

% Gain 38.5% 19.4% 14.94% 8.3% 24.7% 5.9% 

RECOMMENDATIONS 

The Real Estate firm should invest with a balanced portfolio in top 2-3 cities to mitigate 

inherent risks. The state of Texas was amongst least affected by the economic downturn in 

2008 and forms the best option for investment. 

Investment portfolio must be diversified based on high returns while also considering the 

following factors: 

● Taxation in the state and Bank credit availability in the city 

● Ticket Size of investment required. Example → Buy 2x $0.5Mn houses in Dallas or 1x 

$1Mn house in Washington. This could play a significant role in the company’s returns. 

Risks associated with the model: 

 The forecasts are based on assumptions the following, each of them posing potential risks 

that need to be mitigated. 

a. There will not be another recession in the near term 

b. 2008 Crisis did not fundamentally change the market - that is it just corrected the 

inflated gains 

c. Variation in prices within the city is ignored for now 

d. Average construction time of a house in US is assumed to be 4 months, thus a period 

of 2 years in good enough to realize gains 

 The company has risks associated with overprediction and underprediction. Errors with 

respect to overprediction of house price index could lead to losses for the company while 

underpredicting would only result in lost opportunity. It is better to take conservative 

estimates while producing forecasts before investing. 



APPENDIX A 
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