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STEM Approach

• Science – Geoscience (the study of interconnected processes

that form and shape the surface of the Earth)

• Technology – Gravity Recovery and Climate Experiment Follow-

On (GRACE-FO) satellites

• Engineering – Investigate the impact of COVID-19 on the

Antarctic glacier mass trend

• Mathematics – Application of non-seasonal and seasonal ARIMA

models and other Time Series techniques

STEM Approach



Thwaites 
Glacier Crisis
Scientists recently found 
that more warm water 
was flowing underneath 
the Antarctic glacier, the 
widest on the planet, 
than previously thought



Greenland and 
Ice Loss
The estimated rate of ice 
loss from the Greenland 
ice sheet in September 
2019 to August 2020 was 
roughly half of that from 
the preceding year



GRACE-FO

The Gravity Recovery and Climate 
Experiment Follow-On mission is a 
successor to the original GRACE 
mission which orbited Earth from 
2002 to 2017.



Data



Control Chart

Can the Time Series Analysis 
detect a difference in the trend 
and seasonal patterns when 
including/excluding the period?

The seasonal pattern is 
most obvious at around the 
COVID-19 pandemic



Historical Glacier Mass Patterns
Unlike the 2020 season, the years from 2002 to 
2019 displayed multiple peaks



2019 vs 2020 Glacier Pattern
A smoother seasonal pattern was observed in 
2020 as compared to the 2019 season

2019

2020



ARIMA
Non-seasonal and seasonal



ARIMA – autoregressive integrated moving average (p, d, q)
• Autoregression (p) – a variable that depends on prior values
• Integrated (d) – values are replaced by differences between that 

value and previous values
• Moving average (q) – residual errors depend on a moving 

average model based on prior values

Non-Seasonal ARIMA Models



Nonseasonal Model Comparison
Both datasets have the same top two non-
seasonal ARIMA models ((1, 1, 1) and (0, 1, 0))

Including the 
COVID-19 period

Excluding the 
COVID-19 period



(0, 1, 0) Models
p-values for the parameter estimates are similar 
for both datasets

Including the 
COVID-19 period

Excluding the 
COVID-19 period



Seasonal ARIMA Models

• Seasonal ARIMA model is

denoted by (p, d, q)(P, D, Q)m

• Based on the AIC, the best model

is (0, 1, 0)(0, 1, 1)12 for both datasets

Including the 
COVID-19 period

Excluding the 
COVID-19 period



(0, 1, 0)(0, 1, 1)12 Models
The slope for the period excluding the 
pandemic is now steeper

Including the 
COVID-19 period

Excluding the 
COVID-19 period



ACF and PACF Plots

Including the 
COVID-19 period

Excluding the 
COVID-19 period



Seasonal ARIMA Forecasts

• The (0, 1, 0)(0, 1, 1)12 model cannot 

accurately forecast the glacier 

mass variation during the 

COVID-19 period

• The predicted curve has a much 

weaker seasonal pattern than 

the actual data



o Control charts and histogram analyses suggested that the 

pandemic may have been responsible for a smoother seasonal 

pattern in glacier mass variation

o The non-seasonal and seasonal ARIMA models did not reveal 

any notable differences between the two datasets

o Forecasting the glacier mass data during the COVID-19 period 

revealed that the past data has a weaker seasonal component

o Future work can consider other climate factors

Conclusion



Thanks!
Any questions?




