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CNBC, September 2017

From left to right: Katia, Irma and Jose hurricanes September 2017: Hurricane IRMA, Dominican Republic 
Reuters, 2017NOAA, 2017

From global climate models to local impact
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A challenge for regional climate studies

There are many locations for 

which no observations exist.

Map of Canada
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Gridded products
A replacement for pure observational data

Some existing gridded products:

• CaPA

• NRCan

• PRISM…

Credit: Daly, 2016
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Gridded products
From GCMs…

• General circulation model (GCM):

A system of interacting mathematical models

• Not data-driven.

• Based on scientific first principles

• Meteorology

• Geophysics

• Oceanography…

• Discretization into grid boxes.

Output: Projections + Reanalysis

Credit: A. Banerjee, C. Monteleoni, 2014
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Gridded products
… To reanalysis datasets

GCMs are also used to obtain the gridded reanalysis products as a 

replacement for pure observational data. 

Credit: EUJRC, 2017
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Climate downscaling

Two major approaches:

• Dynamical downscaling 

 physically consistent

 computationally expensive

 not fine-grained enough

• Statistical downscaling

 relatively inexpensive 

challenging if insufficient historical data
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Recent work on CNNs for downscaling

(Ducournau and Fablet, 2016)
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Recent work on CNNs for downscaling

(Vandal et al, 2017)
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Recent work on CNNs for downscaling

(Kim et al, 2017)
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Proposed downscaling framework

Objective:

Statistical downscaling method that learns from gridded reanalysis data 

and local station data.  

Used for: Task 1 : downscaling to locations with observational record, 

Task 2: downscaling to locations without observational 

record;

Inputs Reanalysis datasets

Target Weather stations observational records

Models MLR, ANN, ELM, LSTM
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Proposed downscaling framework

Inputs Reanalysis datasets

Target Weather stations observational records

Models MLR, ANN, ELM, LSTM
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Model development

Task 1: Downscaling to locations with observational record
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Model development

Task 2: Downscaling to locations without observational record
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Learning model 1/3
Artificial Neural Network

(Deo et al., 2017)

19



Learning model 2/3
Extreme Learning Machine

(Deo et al, 2017)
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Learning model 3/3
Long Short-Term Memory

Input gate: scales input to cell (write)

Output gate: scales output from cell (read)

Forget gate: scales old cell value (reset)

(Graves, 2015)
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Experiment

Climate variables: daily air temperature

Study area: British Columbia, Canada

Data:

• Local observations (OBS): Environment and Climate Change Canada Network

• Global models (GCM): NCEP/NCAR reanalysis dataset

Learning algorithms:

MLR, ANN, ELM, LSTM.

British Columbia, Canada
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Results

Task 1: Downscaling to locations with observational record
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Results

Task 2: Downscaling to locations without observational record
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Results: Highest and lowest accuracy

British Columbia, Canada
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Results: Highest and lowest accuracy

British Columbia, Canada
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Results: Highest and lowest accuracy

British Columbia, Canada
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Additional results
Downscaling precipitations

Target Observational records from ECCC dataset:

• Monthly precipitations

Input features Reanalysis dataset from NCEP/NCAR reanalysis:

• temperature + precip

• cloud forcing net longwave flux

• upward solar radiation fluxes

• downward solar radiation fluxes 

• u-wind 

• v-wind

• relative humidity

• Sea level pressure

Study area 12 stations across British Columbia, Canada

Learning algorithms ANN
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British Columbia, Canada

Additional results
Downscaling precipitations
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British Columbia, Canada

Additional results
Downscaling precipitations
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Summary

New simple method for downscaling climate variables that learns from gridded 

reanalysis data and local station data.

• Learns non-linear relationships and seasonal dependencies on given 

grid nodes across time series

• Learns from non-uniform data fields

• Can be used for new locations where no historical observational data is 

available

• Can be applied to any region

• Can be used with different types of neural networks

Future work:

• Analysis of climate extremes and seasons analysis

• Conv-LSTM for radar data
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