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Research topic :

Developing national climate risk indicators of river water temperature (Tw) variations
at raw water intakes for England and Wales.

Importance (°C) :
Ouellet, V. et al. (2020)

Is increasing globally.

Is recognised as a key determinant of water quality.

* Has the potential to result in heightened fluctuations in both water quality and availability to
meet human water demand.

« Ifit exceeds 23°C, the costs per 1000 gallons (3.79 m3) water treatment for human consumption
increases by as much as 1.5%.
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SO What H Hourly observation Frequency

60000

. Spike between 09:00 and 14:00
. Almost no sampling before 06:00 or after

17:00.

Number of Samples
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Hour of Day (Decimal Tl::;e)
Semi-parametric Fourier-like expansion

N | | | \

2m - DOY(¢t 2 - DOY(¢t
Tw(t)= Bo  +P1-sin (®) + B - cos ()
Seasonal harmonics (annual cycle)

. .||II“‘||“‘
7 8 9 10

6

~ 365 365

2w - TOD(¢ )

24

27 - TOD(¢)
24

)
+3 " a;- B (DOY(#)) - sin A S ;- BP(DOY(t)) - cos
j=1

j=1
\_ Seasonally modulated daily amplitude Seasonally modulated daily phase )
i ) I
+ E d; - B;” (year(t)) |+  &(t)
T N~
3_1 | Residual error
Long-term trend
\
Label Term(s) Meaning / Interpretation
(a) Intercept Bo Long-term average river temperature across all years and days.

(b) Seasonal Harmonics Sin(Doy), cos(Doy)

Captures smooth, symmetric annual trend in daily average temperature

Allows the amplitude and timing (phase) of the diurnal temperature cycle to vary

(c) Seasonal Modulation of Diurnal Cycle
smoothly across seasons.

s(Doy, by = sin(tod)) s(Doy, by = cos(tod))

Generalized Additive Model using spline basis functions.
bam()

b)) et (nigevedan) bam() = Big Additive Model.

This is the internal structure of a single smooth term in the GAM. Each smoother
(e.g., s(Doy) or s(Doy, by = sin(tod)) is represented as a weighted sum of basis
functions, not multiple models.

Internal basis expansion of s(...) terms:

(e) Summation Notation
e.g. 2 0; - B;(Doy)

Captures slow, non-cyclic change in river temperature over years (e.g., climate
warming, regulation effects, land use changes). The smoother allows a flexible but
constrained trend across the study period.

(f) (f) Long-Term Trend s(year)
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1. Dr Marjoribanks
2. Professor Wilby
3. Professor Hannah
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Histogram of residuals (sample)

How model works:

Raw Observed vs Predicted Tw Over Time
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Decomposition of semi-parametric Fourier expansion
Full Fit, long term, seasonal harmonic and seasonally modulated diurnal cycle

Full Model Fit
Observed vs Predicted +2xSE
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Seasonal Harmonics (sin_doy + cos_doy)
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Use models to derive a multiplicative
correction factor (CF) system of :
* Time of day,

CFtotal(t,d,y) — CFhourlyseasonal(t’d) X CFyear(t,d)

d ; Tw jmax = CF total(t) X Twprtedict
[ ] ay 0 year, estimate
° car = X ,
y Twes%ﬁed CF hourlyeqsonai(t,a) Tobservatwn
Example: )
User enters a site name
System suggests matches & .
user selects
» User provides: ‘ fowciay £ sen

R.NAR NARBOROUGH F
®

e Date time of observation: 2020-02-15 17:30
e QObserved Tw value: 5.00 °C

52°N

50°N

/ \ T aitude
» System determines model availability: ;
* Neighbor model available - 4570observations 5
* Model (national & Neighbor) simulate the diurnal Tw :
pattern for date. .
* Extract the hourly correction facto ‘
» seasonal (DOY), diurnal (hour), long-term (year). : j
K / ° T ety
site Date orI;s m.l;ev:n m::ilan ;:Ix topl | timel | top2 | time2 | top3 | time3 | top4 | timed P(;)jfliizlf

MISCELLANEOUS

TAW ESTUARY 2000-01-26 82 3.71 3.8 44 | 44 149 | 44 15.7 4.4 15.8 4.3 14.9 FALSE

MISC.10KM SQ
HECKINGTON.......... 2018-03-15 28 7.70 7.6 9.6 | 9.6 159 | 88 | 14.2 8.7 15.2 8.4 14.6 FALSE
..TF14
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Loughborough
University

1) Finding and filling
gap in literature

Cranfield

University

2) Standardising spot Tw observations
(National, neighbouring site, site scale)

Developing national
climate risk indicator
(hotspot map)

3) Validation of model (National,
neighbouring site, site scale)

Incorporating Tw to
other variables
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UNIVERSITY OF LEEDS

Student: Al1 Jahanbakhshi

References: 1. O’Connor et. al (2022). Relating drought indices to impacts reported in newspaper articles. Volume 43, Issue 4 p. 1796-1816
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