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» Overview of the hydrological ensemble prediction system (EPS) at SMHI

* Evaluation of 30 months of data from 45 catchments in Sweden
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METEOROLOGICAL EPS FORECASTS

e Control forecast + 50 EPS members

EPS Meteogram
Kultsjon 64.9° N 15.0°E
Deterministic Forecasts and EPS Distribution 15 May 2003 12 UTC

IClowd Cover (okdal ___ s
Temperatur Temperatur ‘lll‘i'lllﬂ Y !Ir 'III
i WA HRRRAN
Kontroll

Utfall

y 2m Temperaiure Reduced 1oT511 Orography (deg Cf camiTs 1) sz niTes)

“"""FRI SAT SUN MON TUE WED THU FRI SAT SUN
16 17 18 19 20 21 22 23 24 25

[;] MAY 2003
=
o S — c

PDF(0) ‘

A 4

CLy  CHR30-31March 2006 |



THE HBY MODEL

Avdunstning
_'_\ Markfuktighet

A

Avrinning Dampning

ks CHR30-3LMach2006_



HYDROLOGICAL EPS FORECASTS

General patterns
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HYDROLOGICAL EPS FORECASTS

From members to statistics
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OPERATIONAL HYDRO-EPS AT SMHI

Production system and presentation (July 2004)
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OPERATIONAL HYDRO-EPS AT SMHI

Indicator catchments and available data

Indikatoromriden med Ty

 July 2004 — December 2005 (30 months)

* After quality screening, 45 catchments
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Ellinge mHI
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Tanemdilla mHI
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DETERMINISTIC FORECASTS S. SWEDEN
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EPS FORECASTS S. SWEDEN



EVALUATION

e Deterministic

 Probabalistic



DETERMINISTIC EVALUATION OF BIAS
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DETERMINISTIC EVALUATION

 EPS median vs. existing operational deterministic forecast (PMP)
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DETERMINISTIC EVALUATION

 EPS median vs. existing operational deterministic forecast (PMP)

» Figures below are averages over all catchments
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PROBABALISTIC EVALUATION

Methods

» Percentile-based: how often does the observation fall between different EPS percentiles?

» Threshold-based: how well do estimated and observed probabilities of exceeding critical
discharge levels agree?

* Qualitative sread-skill: how does the relation between EPS spread and forecast error look?



PROBABALISTIC EVALUATION

Qualitative Spread-skill: results OBS

- Spread: distance between EPS quartiles 25% and 75%

- Skill: relative mean absolute error, with error = EPS median — observation
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PROBABALISTIC EVALUATION

Reference discharge (Q)

* Problem: two sources of uncertainty exist — in the meteorological forecast and in the
hydrological model — and need to be separated

» Reference 1: observed Q (OBS) — error includes both sources of uncertainty

* Reference 2: simulated Q using a perfect meteorological forecast (HBV) — error includes only
uncertainty in the meteorological forecast
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PROBABALISTIC EVALUATION

Percentile-based:
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PROBABALISTIC EVALUATION

Percentile-based: results HBV
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- Occasions when observation < EPS min generally (75%) associated with decreasing discharge
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PROBABALISTIC EVALUATION

Percentile-based: results OBS
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- Difference in agreement with theoretical pattern suggests met. forecast error » hyd. model error



PROBABALISTIC EVALUATION

Threshold-based: methodology

- Discharge threshold levels: 'high’ (exceeded 30% of the evaluation period) and 'very high’ (10%)

- Included: only cases when discharge below threshold at the time of forecast

- Evaluation: comparison of estimated exceedance probabilities and corresponding observed
frequency in categorical terms (false alarms, total misses) and as reliability diagrams

Threshold



PROBABALISTIC EVALUATION

Threshold-based: categorical - results

- False alarm (FA): EPS min above threshold (i.e. all members) but in reality not exceedance

- Total miss (TM): EPS max below threshold (i.e. all members) but in reality exceedance

Dag 2 Dag 5

FA (%) ™ (%) FA (%) ™ (%)
Hogt flode | HBV 225 0.5 25.9 0.6
OBS 60.4 1.4 54.4 1.4
Mycket hogt | HBV 20.7 0.2 19.7 0.3
flode OBS 50.4 0.5 405 0.5



PROBABALISTIC EVALUATION

Threshold-based: reliability - methodology

- Reliability diagram: plot forecasted exceedance probabilities vs. corresponding observed
frequencies
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PROBABALISTIC EVALUATION

Threshold-based: reliability — results HBV

Threshold 'high’, all catchments
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PROBABALISTIC EVALUATION

Threshold-based: reliability — results HBV

How good? How to improve?
Comparison with ECMWF precipitation Calibration (multiply by 0.7)
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PROBABALISTIC EVALUATION

Threshold-based: reliability — results OBS

Threshold 'high’, all catchments
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INTERPRETATION AND PRESENTATION

Hydrological model uncertainty

Tillrinning (M3/s)

Dag 0 = 6 Aug. 2000
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CONTINUED WORK

- 'Interpretation and presentation of EPS forecasts'

- 1. Incorporation of hydrological model uncertainty

- 2. Most suitable way of presenting the results



CONCLUSIONS

- General: hydrological ensemble forecasts provide an added value compared with
traditional, deterministic forecasts

- Deterministic: EPS median equal to or slighly better than traditional PMP forecast

- Deterministic: EPS bias positive

- Probabalistic: EPS spread needs to include hydrological model uncertainty for
representing the observed discharge

- Probabalistic: qualitative use of EPS by e.g. ‘forecast uncertainty classes’ is possible



