Forecasting Rainfall at Short Time
and Space Scales
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Why do we want to do this?
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Extrapolation Forecasting
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What will it take to use advection
forecasts in hydrology?

First law of wing walking

Difficult to demonstrate the use of radar
products without building a more or less
complete system

Need to know the accuracy of the rainfall
estimates and forecasts
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Major issues In observing and

e

Errors in location for rainfall forecasts are
large relative to the scale of urban
catchments

Radar rainfall estimates and forecasts are
biased at space and time scales that are
large relative to urban catchments

Hydrological models sensitive to rainfall
errors



Location Errors- Ebert et al. WF
2004
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Predictability as a Function of
Scale and Situation
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FiG. 2. Forecast lifetime as a function of low-pass cutoff scales
for (top) Fourler and (bottom) wavelet filters. Results are shown for
each of the four precipitation cases studied.
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Can We Get Rid of Uncertainty?

VSN ‘opeiojoD “uspinog | 900T ‘3un( g - i
ADOTONAAH ANY DNILSYDIXO 4 NOILY LIdIDAHd JAILYLILNYND
uo wnysodwAs jeuogeusajul puz




- Stochastic Ensemble Forecasts

= Build space-time models of total error

= Estimate the observation error and
predictability limits in real-time

= Perturb deterministic forecast with error
model

= Develop a total uncertainty framework to
estimate uncertainty in hydrological forecast
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Temporal Development Model

= The Lagrangian temporal development for each level in the
cascade is forecast using an AR(2) model

o

X, j EHD) =@, OX; ; €+ +D O K ;€ +n-D+4; ;1)

= AR(2) parameters are estimated at each time step for each
level

= The innovation term & is spatially correlated, temporally
uncorrelated- the variance is a function of the AR(2)
parameters



Forecast
accumulations for
t+15 to t+30 minutes
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Verification of ensemble spread for
nowcasts
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Short Term Ensemble Prediction
“m¢ . System: STEPS

= Generate a deterministic nowcast based on
radar data

= Estimate the current error for the nowcast
and NWP forecast over a range of spatial
scales

= Merge the nowcast with the NWP forecast
using weights that are a function of the
forecast error at each scale

= Generate an ensemble by perturbing the
deterministic blend with a stochastic
component
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Formulation of STEPS
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= A blend of three cascades

e
- Extrapolation Y ()
- Noise Y, (t+t)
. NWP Y. (t+t)

Yiiit+t) :Wl‘f(tth,)Ykeij(t+t,)+wl’<“(t+t|)Yk”:j (t+t|)+WQ(t+t|)Yk”ij(t+t|)

- Weights assigned according to skill of extrapolation and NWP
components
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= Advection velocities

- blend perturbed velocity, v, with NWP diagnosed velocity, v,

V(E+t) = WS L+t )V, (E+1,) + 11— Wt 4+t )V, (t+1,)]
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- Forecast Skill

= Nowcast skill is given by the AR-2 model

= NWP skill is calculated as the correlation
between the NWP cascade and radar
cascades- updated in real-time but relaxing to
climatology

= Blend nowcast with NWP at each scale as a
function of skill
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Forecast Skill
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256-512 km
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STEPS 158—min accum fost T+O.25008 — VT 200804201015
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Performance Issues: NWP
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Performance Issues: NWP

STEF‘SI 45;"mem2| 2{}050525lﬂ1 ob

et ' ———  STEPS T+
B ——  S[EPS T+2
= e STEPSE T4+3
® STEPS T+5
3 20| —
9 L
& NWP T+
E = Radar T+4&
a]
z L
g o
E ™
= E%
wm
z- =1 =
- L
z5 =
5 E S _anl
< i
E Eﬁ n
=
858
Eﬁs -
U\n_ [=]
[gs L
86249
EE -4 —
Sk
TE
<z i B
o
I -
—60 1 1 1 | 1 1 1
—40 -20

10log 10{Fraqusency’

Burcan of Meteorology



Actual Flow : Origin 4825 steps @ 4837 : 4849

-
0
9
®
[a]
I 60 —
a]
Zz
4
Y]
;
<
U<
us 40 —
0o
g
Z5
§23
4;.“
éEﬁ
=
U\n_c:
FhE
86249
R
SR
SEC
-EE"'
T 0
&3 l |

22-DEC-2002 00:00 22-DEC-2002 12:00

courtesy of Bob Moore, Centre for Ecology and Hydrology, UK

Burcan of Meteorology



| Conclusions

= Observation error is a major source of
uncertainty in rainfall nowcasts

= Observation errors and predictability limits
vary significantly in time

= Ensembles are sensitive to biases in both
radar observations and NWP forecasts

= Hydrological applications based on ensemble
forecasts are a long way from being
operational
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