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The Problem

Due to technical problems with the GRACE satellites and a one-year gap from 2017-2018, 
the GRACE data includes several gaps ranging from one month to several months. Before 
estimating recharge using the Water Table Fluctuation method, it helps to impute these gaps 
to get a more complete record.



Gap between 
GRACE and GRACE-

FO missions

These gaps are not always apparent when you 
plot the data, because the plots typically just 
draw a straight line through the gaps.



To impute the gaps, we use a 
simple seasonal decomposition 
model implemented in the 
statsmodels Python package. 
With this approach, we 
decompose the GWSa time 
series into three components: 
the trend, the seasonal, and the 
random components:

Where Y[t] is the GWSa, T[t] 
is the GWSa trend, S[t] is the 
seasonal GWSa component, 
and e[t] is the residual GWSa
component.



To impute the missing data, we 
use the trend from the data 
decomposition, then add the 
average of the monthly and 
residual values for that month 
to estimate the missing value. 
This model can be written as:



Multi-Linear Trend Analysis

In the seasonal decomposition method described above for gap imputation, a single linear trend 
was described. Here is the trend resulting from a sample dataset fitted with a single trend line:



For the sample dataset, there are four distinct trends. The Python script has an option to perform a multi-
linear regression analysis. For this dataset, we set the number_breakpoints variable to 3, and run a multi-
linear regression algorithm that fits the data as follows:



Resulting in the following imputation:



1) Copy the date 
and gw storage 
columns to a new 
workbook.

2) Export the 
workbook to a CSV 
file (“dsb-gwsa-raw-
clean.csv” for 
example).

Prior to running the gap imputation script, we must first create a two-column 
CSV file.



Scripts uploads CSV file and 
performs the gap imputation. 
The results can be downloaded 
as a new CSV file.



Questions?


