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Overview 
This tutorial shows you how to create a time series model to forecast the demand of 
products using BigQuery ML.  
BigQuery is a fully managed analytics database that offers built-in features like business 
intelligence, machine learning and geospatial analysis.  
We will only use the ML features to train and validate a model on the NYC Citi Bike Trips 
public dataset. Later on, the same model will be used to forecast demand for bikes at each 
bike station in the next 30 days. 
 

Set up your environment  
Note: This step is subdivided in two different parts, one containing the instructions to 
follow if you are doing this tutorial on qwiklabs and the other containing instructions if you 
are doing this directly on your Google Cloud Platform (GCP) account. 

 

On Qwiklabs 

Before you click the Start Lab button read these instructions. Labs are timed and you 
cannot pause them. The timer shows you how long the resources on Google Cloud will 
be available to you. 
This is due to the fact that Qwiklabs lets you use a temporary Google Cloud account just 
for the duration of the lab. 
 
To complete this tutorial you will need: 

-​ Access to a standard internet browser (Chrome browser recommended). 
-​ Time to complete the lab. 

 
Note: If you are using a Chrome OS device, open an Incognito window to run this lab. 
 
How to start: 

1.​ Click the Start Lab button. If you need to pay for the lab, a pop-up opens for you to 
select your payment method. It should appear a panel with the temporary 
credentials that you must use for this lab. 

 
 
 
 

 



 
 
 
 

2.​ Copy the username and click Open Google Console. This will opens another tab 
showing the Sign in page. 

 
 
 

 
 
 
 

            If you see the Choose an account page, click Use Another Account. 
3.​ Paste the username, then copy and paste the password. 
4.​ Click through these pages: 

-​ Accept the terms and conditions. 
-​ Do not add recovery options or two-factor authentication (because this is a 

temporary account). 
-​ Do not sign up for free trials. 

            After some time the Cloud Console opens in this tab. 
5.​ From the left Navigation Menu click on BigQuery. 

 
 
 
 
 



 
 

6.​ The Welcome to BigQuery in the Cloud Console message box opens. This 
message box provides a link to the quickstart guide and the release notes. Click 
Done. 

            The BigQuery console opens. 

 
 
 
 

Directly with your GCP account 

If you follow the steps of this tutorial on a free Google account that does not have billing 
options configured (no registered credit card or other means of payment), no charges will 
apply since you are in BigQuery Sandbox. 
 
 
To see if you really are in “Sandbox Mode”: 

-​ Open up Google Cloud Console. 
-​ From the left Navigation Menu click on BigQuery. 

 
 
 
 
 
 

 



 
 

-​ Check the top left corner, if there is a label like the one below you are good to go: 
 

 
 

The sandbox lets you experience BigQuery and the Cloud Console without providing a 
credit card, creating a billing account, or enabling billing for your project. 
This way you can replicate the entire tutorial without spending any money. 
You can read more about BigQuery Sandbox here. 
 
If you are not in BigQuery Sandbox, be aware of possible incurring charges! 

 
 

Before we begin (optional but recommended) 
This step is not necessary but is suggested to improve the ease of use and to make the 
tutorial more manageable. 
We recommend to create a new project in the following way: 

-​ Click on the button next to the Google Cloud Platform logo like shown below: 

https://cloud.google.com/bigquery/docs/quickstarts/quickstart-cloud-console#expandable-1


-​ This will prompt a new window, to create a new project press the NEW PROJECT 
button. 

 

 
 

-​ In the following type DemandForecasting (or any other name you like) as Project 
name and click the CREATE button. 

 

 
-​ Now that you have created the project, select it from the drop down menu on the right 

of the Google Cloud Platform logo (same button used above to create the project). 
 
 

Explore the dataset 
In this step we will explore one of the public datasets available on the Google Cloud Platform 
marketplace, specifically the NYC Bike Trips dataset. Analyzing it is a fundamental step 
towards understanding how the dataset is made and what we can achieve with it.  



This is necessary since we will use those data during the tutorial to train and evaluate the 
forecasting model.  
 

1.​ Let’s start by selecting Add Data and then choosing Explore public datasets. 

 
2.​ Write ''bikes'' in the search bar and hit enter. Among the results there will be the NYC 

Bike Trips dataset, select it. 

3.​ Open the dataset by clicking the VIEW DATASET button. 



 
The dataset contains daily records about sharing stations and shared bikes in New York City.  
Now we will try to run some queries on the dataset to answer simple questions, this will help 
us to understand how to use the available data and what we can do with it. 
 
The first question we can try to answer is: Could you name some New York locations where 
you can hire bikes? 
 

1.​ Open the query Editor by clicking on the Editor tab: 

2.​ Add the following code: 
 

SELECT​
   bikeid,​
   starttime,​
   start_station_name,​
   end_station_name,​
FROM​
  `bigquery-public-data.new_york_citibike.citibike_trips`​
LIMIT 5 

 



3.​ Then click Run. 
4.​ At this point you should see a table similar to the one below: 

 
This table is made of five rows (due to the LIMIT 5 flag) each containing information about 
the sharing session of one bike, specifically it contains the bike id, the starting time of the 
bike sharing, the starting station and the arrival station. 
 
Let’s try to answer another question: Could you list some stations and their total number of 
trips during 2016? 
 

1.​ Start by replacing the previous query with this one: 
 

SELECT​
  EXTRACT (DATE FROM TIMESTAMP(starttime)) AS start_date,​
  start_station_id,​
  COUNT(*) as total_trips​
FROM​
 `bigquery-public-data.new_york_citibike.citibike_trips`​
WHERE​
   starttime BETWEEN DATE('2016-01-01') AND DATE('2017-01-01')​
GROUP BY​
    start_station_id, start_date​
LIMIT 5 

 
2.​ Then click Run. 
3.​ At this point you should see a table similar to the one below: 



The table above contains, once again, five rows, each one showing the total number of trips 
started from the listed station, during that specific day. 
 

Let’s analyze the query to understand how it works: 
-​ Using the WHERE clause we have selected only results from the time range 

specified by the initial question 
-​ COUNT(*) , as the name suggest, count the number of rows 
-​ GROUP BY combine non-distinct values, giving us distinct rows each with a 

specific station and the count of its trips 

 
Now that you have carried out some tests with your own hands, you should have a broader 
understanding of the available data and how they could be used to build a forecasting 
model. 
 

Cleaned training data 
The data retrieved by queries can be stored as a table or a view. Since the information 
contained in the last query was exactly what we need to train our model, the next step will be 
to create a dataset using a subset of those data. 
 
Create a dataset 

-​ Start by clicking the options button (3 dots) of the project that starts with “Qwiklabs”, 
at this point you should see the Create Dataset button. 



-​ Click Create Dataset. 
-​ This will open up a window listing the default configuration of the dataset: change the 

dataset name to bqmlforecast and the default table expiration as 1 day. Leave to 
default all the other options. (Of course you can use another dataset name, just 
remember to use it during the rest of the tutorial!) 

 

 
-​ Click Create Dataset. 

You have successfully created an empty dataset! 
 



Create the table 
The next step will be to fill it with the result of a query. 

1.​ Click the Compose new query button. 

2.​ Run this slightly modified version of the previous query to generate data: 
 

SELECT​
 DATE(starttime) AS trip_date,​
 start_station_id,​
 COUNT(*) AS num_trips​
FROM​
 `bigquery-public-data.new_york_citibike.citibike_trips`​
WHERE​
 starttime BETWEEN DATE('2014-01-01') AND ('2016-01-01')​
 AND start_station_id IN (521,435,497,293,519)​
GROUP BY​
 start_station_id,​
 trip_date 

 
 

NOTE:  
This query differs from the second one by two aspects: 

1.​ It broadens the time range for the retrieved results 
2.​ Instead of using LIMIT that computes all the rows and just limits the visualized 

outcome, this query specifies 5 station ids in the WHERE clause, this way the query 
will retrieve only the data about those stations. 

Other than saving computation, limiting the data to 5 stations helps with the model training 
time. Using the entire dataset would require more time than is available for this tutorial. 

 
3.​ Click Save Results. 



4.​ In the dropdown menu, select BigQuery Table. 

 
5.​ Name the table training_data. (As before, you can set a different name, just 

remember to use it for the rest of the tutorial.) 
 

6.​ Click Save. 
 

Training a model 
Now that we have a dataset, we can use it to train a Machine Learning model that will 
perform demand forecasting. 



 
1.​ Write the following query into the Editor: 

 

CREATE OR REPLACE MODEL bqmlforecast.bike_model​
  OPTIONS(​
    MODEL_TYPE='ARIMA',​
    TIME_SERIES_TIMESTAMP_COL='trip_date',​
    TIME_SERIES_DATA_COL='num_trips',​
    TIME_SERIES_ID_COL='start_station_id',​
    HOLIDAY_REGION='US'​
  ) AS​
  SELECT​
    trip_date,​
    start_station_id,​
    num_trips​
  FROM​
    bqmlforecast.training_data 

 
2.​ Press the Run button to start the training. 
3.​ The training will take approximately 2 minutes. If you are curious about what is 

happening right now read the colored paragraph just below. 
 

We are using the ARIMA (autoregressive integrated moving average) model. It uses time 
series data to predict future points in the series (forecasting).  
 
The components of the model creation pipeline are listed below: 
 

-​ Pre-processing: Adjustments to the input time series (for example: missing values 
and duplicated timestamp). 

-​ Holiday effects: With this enabled spike and dip anomalies that appear during 
holidays won’t be treated as anomalies. 

-​ Seasonal and trend decomposition: Seasonality extrapolation using double 
exponential smoothing (exponential smoothing applied twice). 

-​ Trend modeling: Using auto.ARIMA, this means dozens of candidate models are 
trained and evaluated in parallel. 

 
 
When a green check mark appears your wait is over! The model has completed training 
successfully. You can now use it to perform forecasting. 
 

4.​ Now that the model is trained, click on Go to model in the results tab.  
 



This will open up a window that contains Model Details and Training Options used, 
like below. 

 

Evaluate the time series model 
Now that we have a trained model, we can evaluate it.  

1.​ Let’s start by running the following query on the model: 
 

SELECT​
  *​
FROM​
  ML.EVALUATE(MODEL bqmlforecast.bike_model) 

 
Running the above query should produce a new table containing evaluation metrics 
for every model provided to the function ML.EVALUATE. 
 



2.​ As you can see from the table, we have five models, one for each station in the 
training data.  
The first four columns define each single model, the remaining ones are relevant for 
the fitting process. 
During the fitting process, the auto.ARIMA algorithm is used to determine the best 
ARIMA model between the dozens of candidate models trained and evaluated in 
parallel. This process is repeated for every time series so, in our case, five times. 
The metric that usually gives better results to evaluate which model fits better the 
data is AIC. 
 

Make predictions using the model 
At this point we have a trained and evaluated model, the only thing that we have left to do is 
use it to make some actual predictions. 
 
Setting the HORIZON, the CONFIDENCE_LEVEL and using the ML.FORECAST function, we can 
now forecast the number of values we want, with the level of confidence we prefer. 
 

1.​ Copy the following code in the query editor and run it to make some predictions: 
 

DECLARE HORIZON STRING DEFAULT "30"; #number of values to forecast​
DECLARE CONFIDENCE_LEVEL STRING DEFAULT "0.90";​
EXECUTE IMMEDIATE format("""​
    SELECT​
        *​
    FROM​
      ML.FORECAST(MODEL bqmlforecast.bike_model,​
                  STRUCT(%s AS horizon,​
                         %s AS confidence_level)​
                 )​
    """, HORIZON, CONFIDENCE_LEVEL) 

 



Since we set 30 as HORIZON, the model will make a prediction for the next whole 
month (30 days). 
 

2.​ Press the second VIEW RESULTS button. 
 

 
This will open up a table containing 30 days of demand forecasts, each predicted 
value will also shows the upper and lower bound of the prediction_interval 
(given the CONFIDENCE_LEVEL), as seen in the table below: 

 
 

Free the resources 
To avoid possible incurring charges we will now free all the resources. There are two ways to 
do it: delete the project or free all the resources one by one. 
 
Delete the project 

-​ Click the option button (3 stacked dots) at the top right of the screen, then press the 
Project settings button. 

 



-​ Click the SHUT DOWN button at the top. 
 

 
 
 

-​ This will open up a new window explaining what happens when you shut down a 
project and requesting you to insert the Project ID to confirm the elimination. Insert 
the ID and press the SHUT DOWN button. 

 

 
 

-​ Now, if everything is gone the right way, a window will open showing you the 
scheduled time of deletion of the project, like below. 



Free the resources 
-​ In the explorer tab click the options button (3 stacked dots) on the right of the dataset 

name (bqmlforecast), then press the Delete button. 
 

 
 

-​ This will open up a window asking you to confirm the deletion by typing delete and 
pressing the DELETE button, like below: 

 

 
 



You have successfully deleted the dataset and the model. Both of them were created 
specifying an expiration date so, even without doing this step, they would get eliminated the 
day after their creation. 
 
 
This concludes this tutorial, I hope it could have been of help to you. 
 

 


