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Why: 

• Data-driven predictions of behaviour 

• Behavioural model (albeit super-simple) 

• Macroeconomic domain 



Predicting Housing Sales

• Housing sales are a major driver of the economy 

• Official data on housing sales are reported with large lags 
(quarterly if you're lucky) 

• Most work on predicting macroeconomic variable such as 
housing sales focuses on more powerful models 

• This work: Focus on richer and more timely data instead



Dataset: Google Trends

• Google Trends reports the volume of search queries 

• Individually and aggregated into predefined categories 

• This work: "real estate agencies" and "real estate listings" 

• Relative volume, not absolute 

• Percent of query volume in specified country, state/
province, region, city, time period



Behavioural Model

• Housing is a high-commitment, expensive purchase 

• People will do a lot of relevant Google searching before 
undertaking it



Model:  
Contemporaneous Sales

Seasonal linear autoregression models: 

1. Baseline: 
 
 

2. With search data: 
 
 
 

HomeSalesi,t = α + β1HomeSalesi,t−1 + β2HPIi,t−1 + β3Populationi,t

+∑ Si + ∑ Rj + ∑ Tt + ϵi,t

HomeSalesi,t = α + β1HomeSalesi,t−1 + β2HPIi,t−1 + β3Populationi,t

+β4SearchFreqi,t + β5SearchFreqi,t−1

+∑ Si + ∑ Rj + ∑ Tt + ϵi,t



Model: 
Sales Prediction

3. With search data: 
 
 HomeSalesi,t+1 = α + β1HomeSalesi,t−1 + β2HPIi,t−1 + β3Populationi,t

+β4SearchFreqi,t + β5SearchFreqi,t−1 + β5SearchFreqi,t−2

+∑ Si + ∑ Rj + ∑ Tt + ϵi,t
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results.12 In addition to using “real estate agencies” and “real estate listings,” 
we also explored other predefined categories from Google Trends as well as 
our own set of search phrases. However, we find “real estate agencies” and 
“real estate listings” are the best features for predicting the present sales 
in the training set. Next, we use the best- predicted model and estimates to 
predict sales from the first quarter of 2009 to the third quarter of 2011. To 
gauge how accurate our predictions are compared to the actual real estate 
indicators, we use mean absolute error (MAE), as shown in equation (7).

The mean absolute error (MAE) using our model with search indices 
(equation [2]) is 0.170 (17 percent deviation from the actual value), compared 
to 0.174, the MAE of the baseline model. Simply adding search terms in 
the linear model provides a 2.3 percent improvement over the baseline and 
it is statistically significant at p < 0.05 percent (Model 0). We graphed the 
differences in MAE between the baseline model and the model that uses 
search indices in figure 3.3, specifically as MAE(baseline)—MAE(search). 
Dots above the zero line indicate that predictions are better with the added 
search indices than with the baseline model alone. As shown in figure 3.3, 
the MAE for the baseline is mostly worse than for our predictions that use 

12. We also experimented with using the previous four, six, eight, twelve, twenty- four, and 
thirty- six quarters to predict the contemporaneous sales and, while there was little difference, 
using the previous eight quarters appears to produce the most accurate predictions.

Fig. 3.3 The Y- axis indicates the average difference in MAE between the baseline 
model (equation [1]) and the model that uses search indices (equation [2]) 
Note: We use predictions from the first quarter of  2009 to the third quarter of  2011. When the 
dots are above the zero line, the baseline MAE is worse than the MAE from the model that 
uses search.
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at least from the seller side, can potentially forecast home sales ten months 
in the future. Another reason why using search to predict the future is better 
could be because the baseline model is not as good at predicting the future as 
it is with predicting the present. Using housing statistics from the previous 
quarter can well capture the trends in the contemporaneous quarter better 
than trends in the future. Thus, behavioral information such as the search 
indices could be relatively more valuable for these predictions than informa-
tion provided by the two- period lags of home sales and HPI.

While we find that using search indices can improve prediction outcomes 
in comparison to the baseline model, it is important to also compare our 
model with real forecasts from experts in the field. Thus, we collected data 
from the National Association of Realtors, who release quarterly forecasts 
for US home sales. To predict home sales for the entire United States, we 
aggregated the state- level predictions that use search indices in each quarter. 
We compared NAR’s forecasts with our predictions from the second quarter 
of 2009 to the third quarter of 2011, for a total of ten quarters. For predict-
ing the present home sales, we find that our predictions have been slightly 
better than NAR’s but the difference is not statistically significant. However, 
our predictions were considerably better than NAR for predicting future 
home sales. The MAE for the National Association of Realtor’s forecast is 
0.110 while the MAE for the model that uses search indices is 0.084, a 23.6 
percent improvement over the estimates from real estate experts. Results are 
summarized in the table 3.2. This again shows the power of using search 
indices for predicting the future. Using a simple linear prediction model 

Fig. 3.4 MAE differences between the baseline model and predictions using  
search indices
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with search indices, we are able to outperform predictions from established 
experts in the field.

One concern is that NAR tends to overpredict the existing homes sales 
and that is why our predictions are superior. We tested this hypothesis and 
found that the NAR is indeed more likely to overpredict than to underpre-
dict sales. On average, NAR overpredicted sales in twenty out of the twenty- 
two quarters from 2006 to 2011, and the error rate was 7.8 percent more than 
the actual sales.14 By contrast, our predictions using search overestimated 
the US home sales in only six out of ten quarters with an average error of 
2.4 percent. A reason for the overprediction in both NAR’s model and our 
model could be attributed to the time period of the prediction. Between  
2008 and 2010, the US real estate market experienced one of the biggest 
busts in recent history. In a more stable period, the overprediction could be 
less severe.

3.6.2 Predicting the House Price Index Using Online Search Data

In table 3.3, we explore the relationship between the housing- related 
search indices and HPI, which is calculated based on a modified version of 
the weighted- repeat sales (WRS) methodology proposed by Case and Shiller 
(1989). All models in table 3.3 use a fixed- effect specification on an AR 
model with region, population, and seasonality controls. Similar to table 3.1, 
the purpose of this table is to illustrate that search indices are correlated with 
HPI and could be used for predictions. As expected from the baseline AR 
model (Model 0), the lagged HPI and lagged sales are positively correlated 
with the present HPI. In Model 1, we estimate the correlation between the 
current search index for “real estate agencies” and the HPI and find that a 
1- percentage point increase in the search index is associated with an increase 
of 5.986 points in HPI. However, the past search index on “real estate agen-
cies” from the previous quarter does not have a statistically significant cor-
relation to the present HPI (Model 2). Next, we introduce both the current 
and the past indices for “real estate listings” in Model 3. We find that the 
current search index for “real estate listings” is positively correlated with 

Table 3.2 Comparing with predictions from the National Association of Realtors 
for home sales in the United States

MAE for salest+1 Obs.  Mean  Std. err.  Min.  Max.

Search 10 0.084 0.031 0.012 0.156
NAR 10 0.110 0.026 0.050 0.169

Diff.    23.6%  p < 0.01

14. The error rate is calculated as (actual sales–NAR prediction)/actual sales. This formula-
tion uses the actual error as opposed to MAE that uses the absolute value of the error.


