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J Numerical weather prediction (NWP)

= NWP Precipitation forecasts = Spatial scale

- from one grid-cell to the globe

Horizontal Grid
(Latitude-Longitude) |*

* Temporal scale

- from an hour to two weeks

Vertical Grid ’
(Height or Pressure) | &

solar  terrestrial
rrr ation radiation

Atmospheric model schematic!!l POSt-pI’OCGSSing

http://celebrating200years.noaa.gov/breakthroughs/climate model/AtmosphericModelSchematic.png
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Motivation:

To calibrate forecast precipitation fields as a whole and produce ensemble forecasts
with inbuilt spatial structures.



2. Methodology
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1 Challenge

* High spatial dimension of field data

] Solution

* Reduce spatial dimensions of forecast/observation field data
= (alibrate dimension-reduced variables

= Reverse back to high dimensions

J Empirical orthogonal function (EOF)

= Decompose spatial-temporal data into spatial modes and expansion coefficients (ECs)

=  Dominant EOF modes

> A Spatial Mode-based Calibration (SMoC) model
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Standardized forecast ECs » Linear regressions ¢«————— Standardized observation ECs

i

[ Linear relationships of ECs from first few EOF modes ]

The modelling process of the SMoC model. ECs are derived expansion coefficients from the EOF analysis.
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3. A case study

[ Daily precipitation data

* Region: Brisbane Drainage Basin
= Forecasts: ACCESS-G3 (Nov 2018 - Oct 2021, 3 years)
=  (Observations: AWAP (Nov 1988 - Oct 2021, 30 + 3 years)

s
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Location and average annual precipitation map of the study region.
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J SMoC calibration

* Two SMoC models established separately for light events and heavy events

» Forecast lead times: 1, 3, 5, 7, 9 days ahead

J SMoC evaluation

= A comparison with raw forecasts

= A comparison with a grid-cell by grid-cell post-processing (SCC+SS)
(1) statistical calibration: the seasonally coherent calibration (SCC)!!!

(2) spatial reconstruction: the Schaake shuffle (SS)

https://doi.org/10.1175/mwr-d-19-0108.1
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3. A case study

[ Results — compared with raw forecasts

= A calibration example of SMoC

SMoC calibrated ensemble members (event date: 19 January 2021)

Raw forecast Ensemble member: 1 Observation

| B g
0 10 20 30 40 50
Precipitation (mm/d)

Animation of 100 SMoC calibrated ensemble members (1 day ahead) of the whole basin
for a heavy precipitation event on 19 January 2021.
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3. A case study

1 Results — compared with SCC+SS

» Grid-cell forecast skill Comparable skill
B SCC+SS
B SMoC
5 (a) Light events {b) Heavy events {c) All events

CRPS skill score (%)
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CRPS skill scores of forecasts post-processed by SCC+SS and SMoC at grid-cell scale.
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1 Results — compared with SCC+SS

3. A case study

= Forecast reliability
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3. A case study

[ Results — compared with SCC+SS Much better spatial structure

" Spatial structure = Computational time”

Basin-scale quantiles of ensemble members (event date: 03 July 2021)

Raw forecast Observation

SCC4+SS SMoC
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Spatial plots of post-processed ensemble members selected based on a set of quantiles of basin averages Far more efficient

of SCC-SS forecasts and SMoC forecasts at 1 day ahead for a heavy precipitation event on 03 July 2021.
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5. Conclusions

1 A fundamentally new calibration: SMoC

= Inbuilt spatial structures

= Compared with the grid-cell by grid-cell post-processing
- similar skill, better reliability, and much better spatial structure
- computationally far more efficient

= Future research: temporal structure
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