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EO & model data inputs

We incorporate a range of earth observation and process model 
derived ice surface, hydrology, and climatology datasets. These 
include but are not limited to: surface lake outlines (shown below in 
an example snapshot for the Watson basin in July 2021), surface 
melt (modelled using RACMO and from EO sources), near-surface 
air temperature and wind speed, ice velocity, and subglacial routing 
where available.

Hydropower potential inputs

Gaussian random field module

The Gaussian Random Field (GRF) module provides a way to smooth, 
infill, and unify the resolution of different input datasets while 
preserving as much of the information content as possible and 
representing associated uncertainties.

1. Datasets are preprocessed to input as continuous, scalar 
properties at point locations. Vectors are decomposed into 
separate northing and easting datasets; shape data as a set of 
interior pixels; binary or class data as intensity or probability 
density functions; datasets with difficult distributions have values 
transformed.

2. Catchment outline is used to generate a mesh over the 
catchment plus convex hull margin (below for Watson basin, in 
reduced resolution with simplified catchment in blue).

3. The R INLA package is used to set up a stochastic partial 
differential equation (SPDE) solver that can estimate values and 
model errors at each vertex on the mesh, based on the assumption 
that the input values are sampling from a spatially continuous 
function.

4. Values are estimated for each available temporal snapshot 
(monthly) for each input dataset.

5. Datasets are compiled into a data cube in GeoZarr format, 
comprising the stacked values of each input dataset at the location 
of each vertex (or interpolated to a rectilinear grid if required).

Functional time series module

The functional time series (FTS) module treats each input variable as a 
realisation of a sum of functions in space and time, with a cyclical 
time component. This is similar to a principal component analysis but 
with the ability to distinguish between annual and interannual patterns. 
Relationships between coefficients of these sums concisely capture 
teleconnection in both space and time.

Extremes submodule

The extremes submodule is applied as an addition to the FTS model 
output to characterise the tail of the distribution in 
observed/modelled properties. This gives expectations of extreme 
values at different frequencies (e.g. annually, decadally) which are 
applied to the predictive output.

Predictive step

To make predictions of future catchment hydrology:

1. Relationships between variables are given as linear combinations 
of coefficients, based on the observational/modelling record where 
variables overlap in time.

2. Future values of variables to predict are given by corresponding 
sums of variables with modelled future values, with uncertainties 
determined by the proportion of variance explained in the overlap 
period by those variables.

3. This allows the creation of an output dataset of predicted future 
values of all variables in the input data, albeit dependent on their 
relationship to other variables in the dataset.

4. In this use case, the relationship between currently hydropower 
potential estimates and input datasets during the observational 
record is used to calibrate hydropower relevant outputs to users.
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Overview

DTC (Digital Twin Component) Ice 
Sheets develops modular components 

for ice sheet digital twins. 
These are used in workflows to address 

4 key use cases, of which we 
demonstrate the first:

1. Greenland hydropower potential
2. EU sea level response
3. Ice shelf state and fate

4. Enhanced surface climate

This workflow is shown to the right.

Outputs and applications

The result of this workflow is a dashboard available to users showing a 
projection of proglacial discharge for a catchment and date range of 
their choice. This shows the expected annual total, distribution of this 
discharge annually, and the extremes expected over various timeframes. 
These are all properties relevant to engineering for hydropower, with the 
annual distribution of discharge important for reservoir capacity and the 
extremes relevant for building safely around possible maximum loads.

The DTC is built with an API that can provide the results of workflows to 
users through interactive dashboards and notebooks, making it easier to 
provide outputs to non-expert audiences in comparison to providing static 
data files.  

Engaging with DTC Ice Sheets

DTC Ice Sheets is an ongoing and evolving project that is looking to engage 
more stakeholders in the glaciology community and beyond. Three key 
areas for possible engagement are:

1. Data provision, working with the producers of relevant earth 
observation and process model datasets.

2. Model integration, working with the developers of existing models – 
process-based, statistical, or AI – of aspects of ice sheets to create 
modules implementing these models in the DTC.

3. Users and additional use cases, working with those interested in the 
potential outputs of the DTC to create workflows that can address 
science questions.

If you are interested in DTC Ice Sheets, see our website at

dtc-ice-sheets.org/
or contact me directly at

d.parkes@lancaster.ac.uk

Present day hydropower 
potential assessments in 
south-west Greenland from 
project partner Asiaq 
Greenland Survey are used 
to constrain projections of 
future potentials. Selected 
high potentials are shown, 
alongside two existing 
hydropower plants in the 
region at Sisimiut and 
Buksefjord.

https://hydropower.gl/
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