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

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

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.
• If it exceeds 23ºC, the costs per 1000 gallons (3.79 m3) water treatment for human consumption 

increases by as much as 1.5%.

Importance (ºC) :

Categorisation of studies (Meta-analysis)

Semi-parametric Fourier-like expansion 
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Countries 

418

37
1 0

0

100

200

300

400

500

high-income upper-middle-income lower-middle income low-income
economies

N
um

be
r o

f s
tu

di
es

 

Clasification of economies by income  

Hourly observation Frequency

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

17:00. 

Label Term(s) Meaning / Interpretation

(a) Intercept β₀ 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

(c) Seasonal Modulation of Diurnal Cycle s(Doy, by = sin(tod)) s(Doy, by = cos(tod)) Allows the amplitude and timing (phase) of the diurnal temperature cycle to vary 
smoothly across seasons.

(d) GAM Fitting (mgcv::bam) bam() Generalized Additive Model using spline basis functions. 
bam() = Big Additive Model. 

(e) Summation Notation Internal basis expansion of s(…) terms:
 e.g. ∑ αⱼ · Bⱼ(Doy)

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.

(f) (f) Long-Term Trend s(year)
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.

𝑪𝑭𝒕𝒐𝒕𝒂𝒍 𝒕,𝒅,𝒚 =  𝑪𝑭𝒉𝒐𝒖𝒓𝒍𝒚𝒔𝒆𝒂𝒔𝒐𝒏𝒂𝒍 𝒕,𝒅 ×  𝑪𝑭𝒚𝒆𝒂𝒓 𝒕,𝒅

𝑻𝒘 𝐦𝐚𝐱
𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅

=  𝑪𝑭𝒕𝒐𝒕𝒂𝒍 𝒕 ×  𝑻𝒘𝒑𝒓𝒕𝒆𝒅𝒊𝒄𝒕

𝑻𝒘 𝒎𝒂𝒙
𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅

= 𝑪𝑭𝒉𝒐𝒖𝒓𝒍𝒚𝒔𝒆𝒂𝒔𝒐𝒏𝒂𝒍 𝒕,𝒅 × 𝑻𝒐𝒃𝒔𝒆𝒓𝒗𝒂𝒕𝒊𝒐𝒏

User enters a site name

System suggests matches & 
user selects

➢ User provides:
• Date time of observation: 2020-02-15 17:30
• Observed Tw value: 5.00 °C

➢ System determines model availability:
• Neighbor model available → 457observations
• Model (national & Neighbor) simulate the diurnal Tw 

pattern for date.
• Extract the hourly correction facto
• seasonal (DOY), diurnal (hour), long-term (year).

site Date n
obs

Tw
mean

Tw
median

Tw
max top1 time1 top2 time2 top3 time3 top4 time4 Possible

outlier

MISCELLANEOUS 
TAW ESTUARY 2000-01-26 82 3.71 3.8 4.4 4.4 14.9 4.4 15.7 4.4 15.8 4.3 14.9 FALSE

MISC.10KM SQ 
HECKINGTON..........
...TF14

2018-03-15 28 7.70 7.6 9.6 9.6 15.9 8.8 14.2 8.7 15.2 8.4 14.6 FALSE

Use models to derive a  multiplicative 
correction factor (CF) system of :

• Time of day, 
• day of year, 
• year

How model works:

Decomposition of semi-parametric Fourier expansion
Full Fit, long term, seasonal harmonic and seasonally modulated diurnal cycle 

So what ?

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

1) Finding  and filling 
gap in literature  

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

Example:

Student: Ali Jahanbakhshi  

https://rmets.onlinelibrary.wiley.com/toc/10970088/2023/43/4
https://rmets.onlinelibrary.wiley.com/toc/10970088/2023/43/4
https://rmets.onlinelibrary.wiley.com/toc/10970088/2023/43/4
https://rmets.onlinelibrary.wiley.com/toc/10970088/2023/43/4
https://rmets.onlinelibrary.wiley.com/toc/10970088/2023/43/4
https://www.sciencedirect.com/science/article/pii/S0048969720331995
https://www.sciencedirect.com/science/article/pii/S0048969720331995
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