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Precip. Observed Mean = 1.97 +/-0.06mm  STDev = 3.68mm
Precip. WFD Mean = 1.99 +/-0.06mm  STDev = 3.79mm
Correlation (Pearson’s r) = 0.635 (P<0.001) MAE = 1.57mm
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Discharge (m®/sec)
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Three parameters describe sinusoidal oscillations:
Amplitude, Period and Phase

Amplitude

Wave height

-14{Sine wave -
Phase angle ' ' ' ' ' ' ' '
(Degrees) —» 0° 90° 180° 270° 360°/0°
(Radians) —» 0 /2 T 3 /21 21T
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Cosine wave

) Period (Frequency =1/ Period)  1ime —:

Wavelength (Wave number = 1/wavelength): Distance units)
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Fourier’s Theorem:

Any time series* can be represented as
the sum of sine and cosine components
having the appropriate amplitudes.

* Caveat: The time series must Iinclude
oscillations, but exclude infinite values.

Methodology: Apply the Fourier
Transform to the time series.
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Fourier Transform: analogy with optics

Theory:

White light is separated

Into frequency components
using a glass prism. Different
wavelengths are refracted by
different amounts. Red light
has a longer wavelength than
blue light.

Image: Merganser.math.gvsu.edu
© Crown copyright Met Office
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White light from a Mercury
vapour lamp passed through

a flint glass prism.
Image: en.wikipedia.org/Visible spectrum
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Observed Thames Naturalised Discharge
600

400
200

600 4 JULES MBE=-17%
400

208 AN _,.\LA.LL AT TANPRR Ll - ‘.L‘ AR EANANTY thi A, l m _L.Ll.l ~k‘ll

600 4 JULES-TOPMODEL MBE=-21%
400

208 L e L AT h.,m.m.,..l l LAY ,mmm,“m

Discharge (m*/sec)

600 4 JULES-PDM MBE=+16%
400

208 qu“l .Jmll“ﬂlhm“dm‘h‘.ﬂﬁmhm uM..L.JL.le.u... mmm m.muﬂmmh ml.m.hm&]n“hl.luhlm.JM II.‘L.ImLuMJm.L.MJI m“k.mnlhk.“[

1964 1968 1972 1976 1980 1984 1988 1992 1996 2000

© Crown copyright Met Office



10 JULES v Obs.

Amp. ratio

0.1
0.01 L—rrrry

10

Amp. ratio

0.1
0.01

Amp. ratio

R | L |
10 100
Cycles per year

Phase (deg.)

Phase (deg.)
o

s £
T

1 10 100
Cycles per year

Phase (deg.)

JULES-TOPMODEL & JULES-PDM
have worse reproduction of the
observed annual amplitude of
discharge compared to JULES.

JULES-TOPMODEL & JULES-PDM
have worse reproduction of the
observed high frequency discharge
phases compared to JULES.
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Power spectra of Kingston grid box Runoff v. power spectra of Discharge
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Simulation of runoff and discharge spectral characteristics
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Conclusions:

1) Cross-spectral analysis provides quantitative assessment of
model performance in terms of reproducing observed amplitude
and phase at different time scales. Separation of performance
into different time scales allows consideration of model
performance in terms of different physical processes.

2) Although using TOPMODEL or PDM allows some improvement of
short-term (weekly) variability in discharge, it also leads to
degraded performance in terms of amplitude at annual scales.

3) In terms of reproducing discharge variability, provided the overall
evaporation is right (assessed via MBE): then modelling of
routing is more important than modelling runoff.

4) JULES (and other models) introduces a “moving-average artifact”
causing suppression of very short-term (few days) variability
when simulating discharge related to representation of routing
(caused by grid box to grid box transfer of water).
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