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The following document explores and analyses available online data to provide information that
might provide insight into present and future causes of long-term flooding in the area around
Wantage within the three important environmental factors: Rainfall, Streamflow and Groundwater.

Document Summary Observations - not Conclusions

*  Predicted warmer, wetter winters will create persistent and longer-period rainfall.

*  Annual Rainfall onto the Berkshire Downs has shown an increasing trend between 2004-2024.
*  This trend has added up to 211 mm to total annual rainfall since 2004.

*  Anincreasing but smaller trend is also apparent within the Vale lowlands.

*  Both upland and lowland monthly rainfall show increasing trends for winter months but decreasing trends for
the summer months of April-August.

*  Strong correlation between Oxford and local regional rainfall.
*  There is some evidence that antecedent high summer rainfall is followed by periods of winter flooding.

*  This may be because high summer rainfall increases the height of the groundwater level without necessarily
increasing observed streamflow. A following wet winter then overloads the system, increasing streamflow from
established streams and creating ephemeral springs (often called “winterbournes™) higher in the profile .

*  Letcombe Brook flow and level show an increasing trend over the period 2004-2024.

*  Higher winter groundwater levels will create higher streamflow in the gauged Letcombe Brook.

*  Higher groundwater levels in the profile may be producing extra winter ephemeral spring-lines.

* Increasing areas of impervious land cover (tarmac, housing, etc) will exacerbate the flooding problem.

* Inattention to stream maintenance may be creating narrower and shallower channels creating over-topping.

*  The increased and persistent rainfall onto already saturated clay soils may be creating wide-area overland flow.
*  Some of this overland flow will enter the established streams and raise their level.

*  But some may just flow into the flooded area as a widespread moving wet surface.

*  Closure of water abstraction scheme in 2020 has increased winter groundwater levels on the Downs.

*  Asexpected, there is a positive linkage between Rainfall, Groundwater and Streamflow.

*  There is no one factor causing the flooding - it’s a combination of many factors increasing their influence.
Even the loss of winter snow cover has an impact.

*  There is evidence that climate change is causing the winter Jet Stream to become “stuck” causing the same
weather pattern to occur repeatedly.

*  Any engineering solution to flooding will need to be resilient to the expectation that the current number of
high-impact heavy rainfall events leading to flooding will increase from current 6-9 days a year by 3 days per
year, year on year.
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RAINFALL

Rainfall Records:

The 5 rain-gauge stations used in this analysis

are shown in this map (Figure 1): Chieveley, St Johns \
Abingdon, Maddle Farm, Stanford, West ® \
IIsley. Data was obtained from: \ Y
https://environment.data.gov.uk/hydrology/ \ Ay
explore SRS et /

Data Analysis
The data was first re-aligned into an easier g
spreadsheet format to allow analysis. The first °
operation was to look at yearly totals and

overall trends for each rainfall station’s entire

record. This exercise for Chieveley rain-gauge

is shown in Figure 2 below.

Initially, a simple linear regression “trend” is

applied to the data. This may not be the most : ‘ ety
appropriate method for more detailed later \ ®
analysis but is a good “first shot”. Data entries :

registered as “missing” were allocated the
value -5 for each entry - producing the negative
entries shown (in red). A spreadsheet calculated Chieveley Cverell Yearly Rainlall
trend line was formed from data other than the e e

“-5” data to produce the Trend line (in red) and

it’s equation (shown above the graph) . 1 Jl || || |” ||| |||‘ | ———
Similar exercises were performed on the NJ LJ L S A .-5> ,gb £F

complete sets of rainfall data from the other 4
rain-gauge stations.

The following are uncorrected rainfall records Figure 2: Chieveley rainfall record - annual totals, trend and missing data
at the 5 stations - corrected rainfall records for the 2004-2023 years follow this initial examination. The “x” in these
linear trend lines are the numbers 1, 2, 3,....n representing the individual years. For example - the trend hne value for
Chieveley in 1980 is 4.84798 x(1) + 532.825 =537.7 mm - a trend line prediction above the actual 372.0 recorded
whereas the trend line prediction for 2023 is 4.84798 x (44) + 532.825 = 746.14 mm - below the actual 950 mm
recorded.

Figure 1: Location of rain-gauge stations used in relation to local flooding

Rainfall {mm)

Year

Chieveley Overall: 1980 - 2023: Trend line : f(x)= 4.84798 x + 532.825
Abingdon Overall: 1985 - 2023: Trend line: f(x) = 3.44212 x + 504.700
Maddle Farm Overall: 2004 - 2023: Trend line: f(x) = 11.75955 x + 549.883
Stanford Overall: 1991 - 2023: Trend line: f(x) = 1.09565 x + 568.418
W. IIsley Overall: 1998 - 2023: Trend line: f(x) = -1.23927 x + 775.697
A sub-set of data was created that covered the years Chieveley Yearly Rainfall (2004-2023)
common to all stations - 2004-2023. The above exercise was 1000 .
repeated and produced these trend line equations for the 800 J-n o iy
truncated datasets of “uncorrected” data. The result for 600
Chieveley is shown in Figure 3: and for the other stations 3 w00 ‘ | ‘ Tl ‘ |
below. 2
200
Chieveley: Trend line: f(x) = 8.4073 x + 582.459 °
Abingdon: Trend line: f(x) = 2.5297 x + 569.206 o FE S E S S PP
Maddle Farm:  Trend line: f(x) = 11.7595 x + 549.884 Year
‘S/\t]irllg);;; g:llg ﬁﬁg gg; ; _1224;%9;:7?71?23 2 Figure 3: Chieveley annual uncorrected rainfall data: 2004-

2023

The other way of viewing the trend line is to ignore the offset - which is the starting cumulative yearly rainfall
prediction and just use the multiplier to provide the yearly increase in rainfall. So, again for Chieveley - the annual
rainfall is increasing by 8.4073 mm per year from 2004 to 2023 - rainfall will have increased by 19 (years) x 8.4073 =
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159.73 mm over the period 2004-2023 i.e. the annual rainfall in 2023 is expected to be 159.73 mm greater than that in
2004.

Missing Data Correction
In order to correct missing rainfall periods - the rainfall stations with correct data are used to gap-fill the missing data
using the following method.

When required to find the missing annual precipitation P, at station X (not included in the m neighbouring stations),
given the annual precipitation values at m neighbouring rain-gauge stations P;, Py, ps, ....Pn. Let the normal annual
precipitation at the m+1 stations be N;, N, N3, .... If the normal precipitations at the different stations are within 10% of
the normal annual precipitation at station X, then: Px = (P; + P, + P; +......P,)/m

If the normal precipitation at any of the m stations vary by Sumlative Raifall-o stafions - 2004
more than 10% from the normal annual precipitation at station
X, then the normal annual precipitation is estimated by the o
normal ratio method as: E ow
}E— 400
N P, P P =
P =—f[—+—+..—"] 3™
m N, N, N, [,
i 0 i compg

5T Gum Pg

Comparison between individual stations for each year shows —wacumey
good agreement. Missing data was filled with an average from 0 PP PP I PRI EELPIOPPPEE LIRS PEIER
the other 4 gauges. There were only a few occasions when the D o e - 2008

number of valid gauges fell to 3 - then both missing gauges Figure 4: Cumulative rainfall at the 5 stations for 2004
were filled with an average of the valid 3 gauges.

Graphs were created to show the cumulative rainfall for each gauge for each year. A typical one (2004) is shown in
Figure 4.

In the initial investigation of the rainfall amounts, data
described as “missing” were given the replacement value of
“-5”, other descriptions were “suspect”, “estimated” and
“unchecked” - these were identified by different cell entry
colours - but no numerical change to the cell value were
made at this point in the analysis.

The effect of missing data can be seen in Figure 5 where two
periods of extensive “missing” data can be seen in the West
IIsley (Brown) and Chieveley (Blue) cumulative rainfalls -
cumulative rainfall can never go down.

Cumuilative Rainfall - all siations - 2006

——CH Cum Py
—— AR Cum Py

MF Cum Pg
——5TCumPyg
— Wi CumFg

YOPRBSLESPPPPLPSPEIPPPELESPEL PP
Day of Year -2006

Caipnillativa Raiifall (fm)
- B B EEEEGE

Figure 5: Data showing effect of using "-5" to identify missing
data
Replacing the missing data with data from the average of

operational rain-gauges then produced the “corrected” graph = Cumulative Rainfall - all stations - 2006
for 2006 shown in Figure 6. _ :
Each of the “corrected” data series were then re-analysed t0 £ s
give their individual trends during the period 2004-2023. g
o did
£
Looking at individual gauges in the trend data below, there ‘E Py i
was an evident upward trend of increasing annual rainfall for ° e —sramrs
both the Chieveley and Maddle Farm station, a marginal RSy PP LSS EIPPPELESTEDED
upward trend for the Abingdon and West Ilsley stations and a Day of Your 2008
marginal downward trend for the Stanford station. Figure 6: Corrected missing data for the rainfalls shown in
Figure 5
The corrected data trend equation multipliers (i.e. leaving off the standard offset) are:
Chieveley: 9.485 implying an increase of 19 x 9.485 = an increase of 180.2 mm over period 2004-2023
Abingdon: 2.765 52.5 mm
Maddle Farm: 11.093 210.8 mm
Stanford: -1.475 -28.0 mm

West Ilsley: 0.861 16.4 mm
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Monthly Trends
The next question is - are there months where the trends are greater or less than the overall yearly ones above?

The data for each rain-gauge s.tatlon was analysed for gach Chieveley 2004-2023
month of the year over the period 2004-2023, a trend line = .
calculated and the Multiplication factor from the trend line 3 SRS Ra
graphed against Month. Figure 7 shows the results for the )
Chieveley station. September-December show high B 5
multiplication factors with December having a factor of ki , . [ I I I
nearly 2.5 indicating that year on year rainfall was E L a0 Feb Mar By ;un T Auu Ben Ot Hicw Dwe
increasing by an average of 2.5mm each year with an = i
expected increase in December rainfall between 2004 and s
2023 of 45.5 mm. In contrast, summer rainfall between _
. . . it
April and August show a slight overall fall in expected =
rainfall. Figure 7: Trend line factor for each month
Similar analysis was performed on the other stations.
Abingdon 2004-2023 Maddle Farm 2004-2023
3 3
2 2
5 5 1
ol il
2 Jan Feb Mar H Nﬂy J.m I ' Sep Oct Nov Dec < Jan Feb Mar Apr l!; Jun . ' Sep Oct Nov Dec
g g a
- =
2 2
3 3
Month Month
Stanford 2004-2023 West lisley 2004-2023
3 3
2 2
g1 5 1
g Jan Feb Mar .' I Jun ' Sep Oct Nov Dec g Jan Feb Mar u- I Jun .l SEp Oct Nov Dec
[= 1 = 1
2
3 3
Month Month

While Chieveley, Abingdon, Maddle Farm and West Ilsley show marked increases in rainfall from September through
to March the following year with marked decreases in rainfall for April-August - Stanford is a more conservative result
but still having increases during the autumn-winter-spring months and deceases during the summer. The anomalous
positive June figures in all graphs are skewed by a very high June rainfall period in 2012. Maddle Farm rainfall which
might be considered as representative of rainfall onto the Downs south of the A417 focus area shows the highest winter
trend factors - but West Ilsley, possibly equally representative, does not replicate this trend increase.

Conclusion to this point in the analysis:

Over the period 2004-2023 - the trend analysis has shown there to be a marked increase in annual rainfall year-on-year
with the exception of Stanford - whose trend shows a slight decrease in rainfall. Further, when analysing the monthly
trends over the 2004-2023 period, it is apparent that there has been a marked increase in the local regional rainfall
amounts for the September- March period and reduced rainfall during the summer months of April-August. Again,
Stanford is a more confused picture but still reflecting the same result as seen at the other 4 rainfall stations. The result
from Stanford may be caused by it’s location. With wind direction typically from the west round to south, Stanford may
be in a minor rain shadow created by the Berkshire Downs (see Figure 8). Further downwind, Abingdon will not be
affected by this effect.
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Distance Weighted Rainfall

As can be seen in Figure 8, Maddle Farm and Chieveley
(and possibly West Ilsley) are not in the same catchment as
Stanford and Abingdon being separated by the high point of
the Berkshire Downs largely identified by the route of the
Ridgeway Path to the north of both Maddle Farm and West
Isley. Therefore, any rainfall aggregating method that relies
upon identifying catchment boundaries (Isohyetal, Triangle
or Thiessen polygon methods) will not be applicable in this
analysis.

This analysis will compare a simple rain-gauge average
between the 5 rain-gauge stations and an average computed
by the reciprocal-distance-squared method which apportions
different weighting factors depending on the distance from a
rain-gauge to a point within the area enclosed by the 5 rain-
gauge stations. As the current focus is on the flooding on the
A417 - the rain-gauge distances are calculated from Mellors
Garage. These are shown in Figure 9

The weights applied to each station are shown in the table
below:

Station Distance 1/D? Weight
Chieveley 17.88 km 0.00313 0.0361
Abingdon 13.74 km 0.00530 0.0612
Maddle Farm 9.67 km 0.0107 0.124
Stanford 4.15 km 0.0581 0.671
West Ilsley 10.33 km 0.00937 0.108
TOTALS 0.0866 1.000

These weightings were then applied to the individual daily

Abingdon
S

Stanford

West ljsley

Maddle Farm [
o :

Figure 8: Topographic map of area around the rain-gauge
stations

x“x\\chiew:eley
e

St Johns
L

Abingdon
e

Stanford
L3

" 13.74km
415km

Swindon

° 10:33 km

9.67km N

“West lisley
Maddle,Earm . )
L ] i

17.88 km

Ci’)ieveley
[ ]

Figure 9: Distances between Mellors Garage and the 5 rain-
gauge stations

rain-gauge catches for the period 2004 - 2023. In contrast to the averaging of the 5 rain-gauge measurements, the

weighted rain-gauge values have to be added together. The individual year comparison is shown in Figure 10 while
Figure 11 shows the ratio between the unweighted averages and the weighted total together with a trend line added
which shows that there is a marked increase over time between the two series. Although Stanford rain-gauge has the
largest distance weighting factor - the trend line implies that the elevated Maddle Farm, Chieveley and West Ilsley
stations are responsible for this apparent projected rainfall increase onto the A417 road area.

1000
800
800
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5
k|
300
200
1

W Distance Weighted
Annual Taeal
B Unvwalgneed Avarages
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Figure 10: Annual Rainfall: average versus weighted total

2 g2 2
=

Annual Rainfall (mm)
H

=
=

Ratio weighted to average totals

Ratio: Average Total to Distance weighted Rainfalls
120
115
110

1{x) = 0.006 x — 10.843

0.80-
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Year

By creating separate ratios between the individual rain-

Figure 11: Ratio of average total to distance weighted
rainfalls

gauge stations averages and their distance weighted totals and separating them visually by adding offsets, it can be seen
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from Figure 12 that Maddle Farm, West Ilsley (both on the uplands of the Berkshire Downs) and Chieveley have

increasing effect upon the weighted totals while the other
3as

stations have remained steady in their contribution implying A A ]

that rainfall onto the Berkshire Downs has increased over the g 30
period 2004 to 2023 compared to the Vale lowlands. z RO | fl:lep:lglwe{ey:
s g _______ .f\hin'g:lu.ll
This may be significant to the flooding experienced at the EE 20mwecns e e i ey
base of the northern slope of the Berkshire Downs. E % o5 — o R
§ 'g = h‘?’}_hq_._ ----- Linear (Standord)
Comparison to Oxford Rainfall Records 2 w0DpmemsATT Y —— s -
E

Both the Radcliffe Observatory [1] and the Met Office [2] e SRR
have rainfall records going back to 1815. Total annual data I Sl
was extracted from these datasets for the period 2004-2023 ~ Figure 12: Offset separation of individual rain-gauge station

and compared to the weighted totals above and a ratio ratios

between the two series created and a trend line for this ratio Compare:Oxford (red) v Local Total Rainfall (blue)

was calculated. The results are shown in Figure 13. The 1400 L0

annual totals follow each other in form but with the total 1200 120 §

rainfall in Oxford being consistently higher - with an 'E" 1000 :;g ;:

impression, given by the trend line, that Oxford rainfall may | 3 g 0.60 g

continue to increase slightly compared to the area covered by % P il

the 5 rain-gauge stations. C=C gsg 8

Winter Rainfall "@& # '59% 'P'S "9{1' "9& "9@ 'P@ 'ébh & :
Year

Adop}mg :lhe Met Office dl(:flmttton of meteorol9g1cal winter Figure 13: Comparison between Oxford and area weighted
as being 1% December - 28" (29") February, weighted totals ;o1 annual rainfall, their ratio and trend line
for this period were compared with overall weighted totals

. . . . . .
for the year in which the period started i.e. winter period 1 e el v

Dec 2004 - 28™ February 2005 compared to annual period 1400 o8
12
2004. The results are shown in Figure 14. Winter rainfall 1000 o

accounts for around 33% of annual rainfall. The ratio and its
trend line indicate a slight increase over the period 2004-
2023. This trend upward will increase once the winter 2023-

200 _/—\A_//”\.—\_‘_A_/\\_ 10
L] L2
FEES T T I IS F TSI

Year

Winter & Annual Rainfall (mim)
Ratio & Trend

2024 values are available.

The winter rainfall total in 2004-2005 was 75 mm and 97 mm Figure 14: Winter (Blue) versus Annual (Red) rainfall totals

in 2022-2023. With total rainfall in 2023 being 62% higher and their ratio
than in 2022, in all likelihood, winter rainfall in 2023-2024
will be substantially higher than in previous years except for Summesy Winter. Rainzal Fatterms
the exceptional year of 2012-2013 when 338 mm of rain fell £ ;:: -
in the wintertime. % 2500 I s

BAR
Figure 14 shows that there have been recent years where E i:: | I l I I e I
annual rainfall has been above the average level. In particular 2 1000 I I ] | I
recent significant flooding in Oxford occurred in the years E 500 I I I I I I I I ] I I l
2007,2012,2013,2014 [3]. These flooding events correlate ﬁ b S DB P SS DD P
with annual rainfall at our local rain-gauge stations as can be ~ * ’%3\ R 'E%E”?

seen from Figure 15. What is interesting is that the 2007-08 Swmer [lar) andvintar. (i) periocs

and 2012-13 periods of Oxford flooding occurred in years Figure 15: Comparison between Summer and Winter Rainfall
where the preceding summer rainfalls in 2007 and 2012 were ~ Ppatterns - the legend are abbreviated rainfall stations
higher than the following winter rainfalls of 2007-08 and

2012-13 - a pattern of rainfall that also occurred during the focus of this report in 2023-2024 as Figure 15 Illustrates.

Winter rainfall in this particular analysis is rainfall between 1* November - 31* March (cf Met Office winter = 1* Dec-
28th Feb) with corresponding summer rainfall between 1* April - 31* October. The pattern is not replicated for the
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Oxford flooding of 2013-14 where winter rainfall exceeds summer rainfall. Also, substantial flooding did not occur in
the 2019-20 and 2022-23 periods where winter and summer rainfall were nearly equal.

A possible explanation for this correlation between high summer rainfall and flooding will be pursued in the section on
Groundwater later.

. . Monthly cumulative rainfall
The period October - March which encloses the well 556

documented winter storm period in 2013-2014 [4] shows a i‘:g T manians
markedly similar pattern to the current one of 2023-2024 as L

180 I B :
shown in Figure 16. The rainfall is an average from the four ﬁg i : | B _
available rain-gauge stations (Chieveley, Abingdon, Maddle :g
Farm and West Ilsley). The overall rainfall totals for the ;g ‘
October-March periods are also similar (597.2 mm (2013/14) 0- : - -

Oct Nov Dec Jan Feb Mar

and 552.2 mm (2023/24)) - a 7.5% decrease from the 2013/14
figure. This similarity will be returned to when examining
streamflow below.

Rainfall (mm)

Month

Figure 16: Monthly cumulative rainfall for 2013/14 &
2023/24

STREAMFLOW in the affected area

The Childrey Brook is one of three contributory streams that e P R
have their origin outflow on the northern edge of the [
Berkshire Downs, the other two being the Stutfield Brook and |
the Letcombe Brook shown in Figure 17. Of these only the
Letcombe Brook has flow-rate and stream level gauging
stations. There are two between Letcombe Bassett and
Letcombe Regis.

The gauging station closest to Letcombe Bassett is shown in
Figure 18. It is a Flat V weir (3.0m wide) which superceded
the original rectangular notch weir (1.0m wide) in 1981.
According to [5], “Base flow dominates the regime and runoff
suggests that the topographic catchment is considerably
smaller than the actual contributing area”. Flows (when the
report was written) were substantially reduced by
groundwater pumping from the Childrey Warren boreholes -
this can impact substantially on low flow patterns. The ALF
(Alleviation of Low Flows) scheme was implemented in
1992. The situation changed in March 2020 when the
Childrey Warren boreholes were closed down. This change in
circumstances and the effects it has had on the Letcombe
Brook streamflow will be pursued in the Groundwater Section
below. Data from the River Levels web site [6] was
downloaded - it comprised two sets of records beginning in
2012. These were stream level data designated as letcombe-
regis and letcombe-bassett. There was a third dataset - for
letcombe-wantage, but this latter station is at the end of many
ponds and watercourse management systems whose actions " p; gre 18:
would be to “smear-out” the data relating to rainfall input and

was not investigated.

' a x
[ieSS S S (N

Figure 17: The Letcombe Brook gauging stations location

=

The stream Gauging Station at Letcombe Bassett '

Before any analysis could be done, the many date/time errors had to be corrected. Data missing from single days were
replaced by the average of the two days either side. For longer periods, data remained blank. Obviously erroneous data
when compared with adjacent data was removed as were negative daily values. The datasets comprised daily minimum,
average and maximum level heights. An exploratory graph (not shown) of the Letcombe Bassett dataset showed little
difference between minimum and maximum daily levels (and therefore also average) over the entire period. Most of the
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time it was zero, other times the difference was just the resolution of the measurements. There is no information on the
website as to what scale is being used for these figures. I am assuming metres so that 0.01 is 1 cm. The resolution in the
dataset changed in April 2017 when it went to 0.001. I doubt that the gauge could differentiate at the mm level - so I
believe this is just a change in the software resolution rather than a measurement change. This lack of difference
between maximum and minimum levels implies a steady contribution to the stream probably through the spring-line
supply rather than overland flow from storms which could have produced a more dynamic hydrograph. A similar pattern
was observed for the Letcombe Regis dataset.

A comparison between the average level values e sy e (BN el (Rl G Averie Lisves
from the Letcombe-Regis and Letcombe-Bassett
datasets is shown in Figure 19. It is apparent
that while the recorded levels are different, the

O&th

‘l‘"u‘ "HJ = E
20124128 zo:luﬂ-w 20150823 Z01T01-04  PRIS0S19 P0Gl ROZIOEEZ  20ER06-ET  1023-1-09
Date

patterns and recorded levels (taking out an
offset of 0.1 from the Letcombe Bassett trace)

Straam Leval | assumesd -hatros)

are quite similar. However, linear regression
trend lines show a different pattern with
Letcombe Bassett rising slightly over the recorded period while Letcombe Regis showing a more marked fall in level
over the same period. This may be an artifact of how the linear regression equation treats missing data and/or being
overly dependent on the extremes in 2012 and 2023 data. Using only the continuous data for the Letcombe Regis gauge
between the beginning of 2015 and the beginning of 2022, the trend line then shows the same upward increase as seen

in the I.etcombe Bassett gauge data.

Figure 19: Letcombe Bassett and Regis average stream levels

Longer datasets are available from [7a] for Letcombe Bassett and [7b] for Letcombe Regis.

Using these longer datasets, both

daily maximum and minimum os
flow-rates, and daily maximum
and minimum water levels were
analysed for the period 1* Jan
2004 - 7" November 2023. Again
there was little difference Ry o wiess - i e e —
between maximum and minimum Dats

Letcombe-Bassett Maximum (Blue) -Minimum (Red) Flow

Hx) = 000000452 » - 007420865 Iz} = OLOMMGULE & = QUOTDST 0L

Flowrate (m3 s=c-1)

flow or between maximum and Figure 20: Letcombe Bassett Maximum & Minimum Flows
minimum levels as shown in
FigureS 20 and 21. Again, the Letcombe-Bassett Maximum (Blue) - Minimum (Red) Stream Lavels

0.3
trend lines show a very Shght T = 00000021 & + .0454531 1) ™ 0G0G0ST & + 0 BALAREE

increase in flow and levels over "
time. As the gauge station is at the
outflow of the extensive pond that
was once the water-cress beds,

this tends to dilute any impact that

rainstorms at the head of the 2!1‘21-0!-01 20060027 2009-06-23 0120319 0141214 2017-09-09 2020-06-25 0230302

Date

Letcombe Brook would have on Figure 21: Letcombe Bassett Maximum & Minimum Levels
the hydrograph at this gauge
station and goes some way to explaining the similarity between the traces for flow and levels.

0.2

iream Lavel {im)

o1

o.ns

Comparisons between Maddle Farm daily rainfall values and the stream gauge level readings at Letcombe Bassett for
each extended winter rainfall season (1* Nov - 31* Mar) for each year 2012-2023 were created. While Maddle Farm
rainfall station is probably not recording rainfall that has a direct impact on the Letcombe Brook at Letcombe Bassett,
the predominant wind direction for winter frontal rainfall coming from the west to south-west, means that the rainfall on
the slopes above Letcombe Bassett will likely be similar. Taking a single year for illustration (2022-2023) and extending
the time series to 30 March to include the effect of a late large storm, Figure 22 shows the response of the Letcombe
Brook to rainfall input.
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The initial sequence of storms in November
created little change to the Brook level, Maddle Farm rainfall (blue) v Letcombe Bassett stream level (red)

probably due to rainfall recharging the chalk 35 025
aquifer after summer depletion. During the low

rainfall period in late November- early 'g z
December, it is noticeable that the Letcombe = =
Brook level does not drop, indicating that the = L
x
aquifer is supplying spring-line streamflow,
g o
albelt ata 10W leVEI' 2022-11-01 2022-12-21 2023-02-09 2023-03-31

. . Date
The long sequence of rainstorms in December

provides a clearer idea of the response of the Figure 22: Response of Letcombe Brook to Rainfall

Brook level to rainfall input, where the level began rising 2 days after the initial storm of 10mm. This may be due to
both chalk spring-line discharge increase and an overland flow addition due to the prolonged storm sequence creating a
saturated soil layer. The Brook level reached its maximum 5 days after the last storm and then gradually declined as the
discharge from the spring lines lessened, although now at a much higher discharge rate than in November. Following
the storm of nearly 30 mm on 31* March, the Brook level again took 5 days to reach its maximum.

Returning to the comparison between 2013/2014 and Daily River Flow: Lambourn at Shaw
2023/2024 - the paper [4] presented the river flow change of ~ *° i N“ Fe,
the ground-water fed chalk outcrop River Lambourn at T 5 i

Shaw near Thatcham shown in Figure 23. Quite apparent are E _,»r Long tom averag -\\u_‘
the record flows beginning in late January through to the end % F‘H M‘"“;
of March following the storms in mid-December E 1 _.-._w"“‘“;m ; b ‘
culminating in the wettest day of December on the 23™. The £ | :

insert shows the same period but on the River Thames at £ o2 siie E 4 ey
Kingston indicating the difference in flow response between !

the chalk groundwater fed river and one more representative Oct  Nov Dec Jan  Feb Mar Apr  May Jun
of rivers draining more impermeable catchments. Figure 23: Lambourn river flow 2013/2014
GROUNDWATER

The Chalk aquifer is the most important groundwater resource '"fﬁ:{? " Major

in the UK and it’s contribution to stream and river flow can be Aauier recharge area ' u"ii;r:{;', e

digcharge
aed

as high as 95% of that flow [8].

Unsaturaled rong

A typical north-south section through the Berkshire Downs
might look like the image in Figure 24. Of importance are the
spring lines, the perennial ones that flow to a greater or lesser
extent throughout the year and the intermittent ones that flow
when rainfall infiltration during prolonged wet weather raises e
the hydraulic head above a section of overlying impermeable
topsoil. There may also be discharge through fissures in the
overlying soil layer through hydraulic pressure. Of note are
the time scales for historic precipitation to travel through the
chalk at depth. So, while increased precipitation may be
increasing hydraulic pressure - this is acting on water that
may be centuries old forcing it out.

Saring

Saline groundwater

Figure 24: Typical Section through a chalk aquifer

A typical near surface soil horizon located at the top of the
Berkshire Downs beside the Ridgeway path is shown in
Figure 25. The soil overlying the deep chalk deposits is
variously a mix of clay and flint or a loamy/clay mixture.
The soil layer is typically around 300 mm thick but varies in
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depth from exposed chalk to deeper layers with the deeper layers residing in the valley systems to the north and south of
the Ridgeway elevation - accumulating there through fluvial processes.

The Institute of Hydrology (IH), Wallingford conducted a series of experiments in the late 1970’s and early 1980’s to
look at the application of soil physics techniques to the measurements of nitrate transport in chalk soils. One of these
experiments was situated at West Ilsley. This report’s interest in that work lies in the determination of hydraulic
conductivity - the rate at which water will pass through the pore space of the (in this case) porous chalk. This is usually
measured in metres per sec. (ms™).

The TH measurements were within the chalk profile and showed that while hydraulic conductivity was high (around
1000mm per day) in saturated chalk - this rapidly fell to around 1mm per day at a matrix potential (a measure of how
unsaturated the soil is) just below saturation - a rate that continued at this value right through to a value of matrix
potential associated with field capacity - a situation of air and water mixture in the soil where drainage has effectively
stopped.

In the overlying clay soil hydraulic conductivity can be very low, depending on the actual mixture of other soils into the
matrix and how much compaction the soils have undergone. In clayey sand soils, hydraulic conductivity may range
between 0.5 mm day™ to 475 mm day " [9] while clay itself may never exceed 0.4 mm day™. This leads to a situation
where initially during a prolonged period of heavy rainfall, the underlying chalk may initially become saturated leading
to increased flow into the natural spring-line streams, while the intensity of rainfall will tend to compact the overlying
clay mix soil, which combined with the low hydraulic conductivity of clay, will effectively cap the overlying surface
leading to overland flow and reducing recharge to the underlying chalk horizon.

While the underlying chalk provides a certain resistance to flow into the streams, depending on its saturation level, no
such resistance applies to overland flow which will enter the myriad streamlets that ultimately join to form the local
Brooks. This may be the cause of local flooding encountered during previous years - an incapacity of the local brooks to
deal with high levels of overland flow.

There are 8 groundwater stations within our
area of interest shown on this image from
Google Earth in relation to the rainfall stations
used in this analysis Figure 26. These stations
have automatic logged groundwater levels
recorded at hourly intervals and also sporadic
manual dipped readings.

Only Betterton, Kingston Hill Barn, Longacre B
and Hatford stations had near continuous
monitored groundwater levels from 1* Jan 2004
to present time (4™ April 2024). All 4 stations
showed very slight upward trends implying
increasing groundwater storage but these were F igure 26: Groundwater Stations (red) in relation to rainfall stations (yellow)
so slight as to be visually no different to the

long_term mean Value line‘ Figure 27 Shows Comparison of groundwater levels bebween 2004-2024

the progression of groundwater levels at these 180

150 - Kingston Hill Barn

f ites. Th dwater level i d .
our sites. The groundwater level is measured as i: hﬁ\ﬂj\:\fx\f _ ;\\M\WMJ'\N
1

metres Above Ordnance Datum (mAOD) where
the Ordnance Datum is sea level. Groundwater
level variability seems to scale with elevation as
the more elevated stations on the Berkshire
Downs; Kingston Hill Barn (224m asl) and
Longacre B (183m asl) have marked annual
changes to their levels compared to Betterton (148m asl) at the base of the Downs and Hatford (121m asl) in the
floodplain itself. The elevation figures were taken directly from Google Earth Pro. These elevations are somewhat at
variance with those given by [10] where Hatford is at 83m asl - meaning that Hatford is constantly under at least 6m of
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Figure 27: Groundwater Station Levels - 2004-2024
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water - although the actual groundwater station beside a large quarry is according to [10] at 91m - very close to the
actual measured value.

Of more interest is the
relationship between groundwater,
rainfall and stream flow linking
the Maddle Farm stations and the
Letcombe Brook gauging station
at Letcombe Bassett. WIGLOL WIAGLOL 015000 SO0l DIIZN MITILI FIMAZI WAL DI ML N1

Unfortunately, the groundwater s
data is missing for the period used Figure 28: Maddle Farm Rainfall and Groundwater data and Letcombe Brook stream level

Maddie Fam: Rainfall (Blue) & - Groundwater{green) - Letcombe Brook () Letcombe Basseit{Red)
160 L

el s, " (i I N oS =IO P i e

10

Raintall {mm) & Groundwater
(mAaoD)
-
=

in Figure 22 above.

Figure 28 shows some concordance between rainfall, stream level and groundwater with rises in the primary driving
factor (rainfall) being followed by rising groundwater and stream levels and falling ground water and stream level
during periods of low or zero rainfall. The missing Maddle Farm groundwater data between late 2019 and early 2022
has been filled with data from the nearby Longacre-B station. The well-connected rise and fall of the groundwater level
and streamflow is evident.

Returning to the possible change in groundwater recharge occasioned by the closing down of the Childrey Warren
extraction boreholes in March 2020 the groundwater data was split into two periods 1 Jan 2016 -31 Dec 2019 and 1 Jan
2020 - 31 Dec 2023. The resulting traces are shown in Figures 29 and 30 for each of the five groundwater stations.

Borehole levels 2016-2019 Borehole levels 2020-2024
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Figure 29: Borehole Levels 2016-2019 Figure 30: Borehole Levels 2020-2024

The statement from Stantec [11] stated “The abstraction of groundwater from boreholes at Childrey Warren Water
Treatment Works (WTW) reduces base flow into the Letcombe Brook (a rare chalk stream of national ecological
importance) and requires augmentation from the River Lambourn, a special area of conservation. As part of the National
Environment Programme, Thames Water agreed to pull water from a more sustainable source—the Thames catchment.
This required moving water from the Lark Hill reservoir with a new pipeline.” This major project was completed on
time in March 2020. It can be seen from the above figures that this change has had little effect on the lowland borehole
levels of Betterton and Hatford - but the upland boreholes of Kingston Hill Barn, Longacre-B and Maddle Farm show a
general increase in winter peaks in 2020-2023 compared to 2016-2019. Analysis of average, maximum and minimum
borehole levels in metres AOD before and after the change are shown below:

Betterton Hatford Kingston Hill Barn Longacre-B Maddle Farm
Maximum 2016-2019 107.17 90.85 143.15 142.52 143.01
Maximum 2020-2023 109.58 91.63 147.56 144.27 146.78
Difference 241 0.78 4.42 1.74 3.77
Average 2016-2019 103.96 89.99 132.74 131.76 131.32
Average 2020-2023 104.78 90.39 134.53 135.32 135.82
Difference 0.82 0.40 1.79 3.57 4.50
Minimum 2016-2019 100.61 89.50 127.41 125.13 123.57
Minimum 2020-2023 100.77 88.83 127.28 124.71 123.67
Difference 0.16 -0.67 -0.12 -0.412 0.096

Average period groundwater level has risen during the 2020-2023 period for all stations but with the upland stations
increasing overall by up to 4.5m for the Maddle Farm station, but there is still a rise in the lowland Vale stations of
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between 40 cm and 80 cm - this may well be significant in the lowland flooding. Also apparent is that the average rise is
largely created through increased groundwater levels during the Winter periods, whereas the summer period levels show
little increase and more generally a lowering of lowland groundwater levels which at Hatford amounted to a minimum
in 2020-2023 being 67cm below the minimum in 2016-2019.

Analysis of trend factors during the two periods (shown below) gave a mixed picture and with no substantial overall
idea of how future groundwater levels will change. But while all stations in the period 2016-2019 showed a small
decreasing trend, this had changed to indicating that all of these had either reversed the trends to becoming positive
(Kingston Hill, Hatford) or reduced the decreasing trend to much lower levels (Betterton, Longacre-B) with only
Maddle Farm showing a larger decreasing trend. The future direction indicator of “Up” means that groundwater levels
will be rising up towards the surface.

Betterton Hatford Kingston Hill Barn Longacre-B. Maddle Farm
Trend Factor 2016-2019 -0.00102 -0.000134 -0.00214 -0.00203 -0.00165
Trend Factor 2020-2023 -0.000046 0.000788 -0.00058 -0.00016 -0.00346
Groundwater Level direction Up Up Up Up Down

A 2012 paper by MacDonald et al. [12] investigated groundwater flooding within the Oxford urbanised floodplain
specifically looking at the major flood event in 2007 (refer back to Figure 15 for our local analysis). The paper states
that on 19 and 20 July 2007, 140.1 mm of rainfall was recorded in Chastleton in the headwaters of the river Thames
while Oxford received 61 mm of rainfall. During those two days, Maddle Farm rain-gauge recorded 104 mm. The
summer of 2007 was the wettest in England and Wales since 1912. The peak river flow in Oxford occurred
approximately 5 days after the rainfall event - a timing that resonates with flow height of the Letcombe Brook after a
storm event in 2022 (see Figure 22 and accompanying text). Figure 31 shows the 4 local groundwater stations and their
readings during 2007. While the Hatford station shows little response to the storm even of the 19-20 July, Kingston Hill
Barn, Longacre-B and Maddle Farm recorded groundwater level rises of 6.73m, 4.98m and 5.09 metres between the
dates of 29" June and 31% July.

This rise is probably partly due to the 35 mm Local Region Groundwiater levels in 2007

of rainfall that fell between 30 June to 18 June & e | Kingston et Saim LI LT

at the Maddle Farm rain-gauge station. Also of ; 008 e e —" e
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the more elevated Maddle Farm (189m asl) G

and Kingston Hill Barn (229m asl) - although Figure 31: The local groundwater station readings in 2007

these are not the highest local elevations - at the top of the B4494 the elevation is 249m asl.

Oxford also experienced major flood events in April 1998, December 2000 and January 2003. Flooding in Oxford itself
was much worse before 1900 due to the locks being built to keep water back rather than let the water flow down -
leading to the flood plains being inundated after heavy rain. But since 1900 there have been six bad flooding occasions:
June 1903, March 1947, November 1954, Easter 1998, July 2007, January 2014 and again in January 2024 Note that
only 3 occurred in the first 97 years but 4 have occurred in the recent 26 years.

An analysis of the rainfall records for the 1998, 2000 and 2003 years at the Chieveley, Abingdon, Stanford and West
IIsley (2003 only) rain-gauge stations was performed in the same way as created Figure 15 above. In all three flood
events, “summer” rainfall (1* Apr. - 31* Oct.) was greater than “winter” rainfall (1* Nov. - 31* Mar.). Similarly, the
Oxford rainfall data showed the same - summer rainfall greater than winter rainfall. A criticism of this approach is the
uneven distribution of summer rainfall (7 months) compared to winter rainfall (5 months). Also, summer rainfall does
not recharge the chalk aquifer as readily as during the winter - as rainfall use by plants and higher evaporation from
warmer soil reduces the volume available. Nevertheless, plant use and soil evaporation has an upper limit dictated by
solar and atmospheric conditions - so higher summer rainfall should lead to higher recharge to the chalk layer. So, the
timing and volume of rainfall during the year may well be a useful predictive indicator - i.e. “if summer rainfall is high,
flooding the following winter may be exacerbated” - but this needs further investigation.
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A further paper by MacDonald et al. (2008) [13] states “The characteristic feature of groundwater flooding events is the
relatively long duration compared with fluvial (river/stream) flooding”. Groundwater flooding is where groundwater
emerges at the ground surface away from perennial river/stream channels. The paper continues “Exceptionally large
flows from perennial springs or large flows from intermittent or dormant springs ... also come under the definition of
groundwater flooding.. [and] can cause both localised flooding in the vicinity of the springs and down gradient where
surface water drainage channels may not be adequate”. This is often referred to as clearwater flooding - where flooding
occurs when preceding conditions of high groundwater levels and high unsaturated zone moisture content combine with
intense rainfall. In chalk this can cause groundwater levels to fluctuate over several tens of metres.

This implies infiltration from elevated to the lower chalk horizons. As noted at the start of this Groundwater section,
infiltration rates controlled by the chalk’s hydraulic conductivity can be around 1000mm per day in saturated chalk -
conditions that may well apply after high summer rainfall. Such conditions may actually get incoming rainfall down
through the chalk horizon to the various spring-line outlets - many of which may have been dormant or capped during
normal groundwater levels in the chalk - but under higher hydraulic pressure may well start to flow again. Unlike
fluvial flooding, groundwater flooding has received very little attention in the peer-reviewed literature [14]

The Bigger Picture

A recent press comment by Hannah Cloke, professor of
Hydrology at Reading University, alluded to the fact that
climate change and global warming, by increasing surface 150
temperatures, may be forcing weather patterns to become
“stuck”, with the Jet Stream not changing its course as
frequently, leading to the UK getting hit by the same type of
weather over and over again.

g

o

Historic data from the Met Office show that winters have been
getting wetter over the recent past [15]. Figure 32 shows the
total UK winter rainfall relative to the average of the 1991- '

1840 1860 1880 1500 1920 1940 1960 1980 2000 2020
2020 baseline showing both individual yearly amount and a 10 vear
year moving average. It is evident that since 1960 there has Figure 32: UK total winter rainfall compared to 1991-2020
been a sustained increase in winter rainfall year on year baseline
compared to the previous 120 years. This pattern is still
evident when the overall moving average data from Figure 32
is split into constituent parts for England, Scotland, Wales and
N. Ireland as shown in Figure 33. For reasons behind
increasing winter rainfall see Appendix 1.
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The red line on the England trace is the trend line for the
underlying data. The increase in the rainfall pattern is more

pronounced for Scotland and Wales. S

10 year moving average total winter rainfall (mm)
(]
2 2

Another factor is the loss of snow cover in England during the
winter period. The Met Office data shows, that since 1979,
the number of snow-lying days has generally decreased by up
to 5 days per decade. This is a significant factor because snow
provides a different pattern of water transport compared to rain. It creates a storage of precipitation on the surface that
upon melting releases the water into the ground and streams in a controlled way dependent upon air temperature and to
a lesser extent solar radiation (clean snow typically reflects 80% of solar energy). Snow is also effective in providing an
insulating blanket over the soil preventing freezing of the soil, a situation that without snow cover may increase
overland flow when any frozen soil nearest the soil surface melts before the frozen soil horizon below has melted.

1840 1860 1880 1900 1920 1940 1960 1980 2000
Year

Figure 33: UK constituent 10-year moving average rainfall

Flooding in Oxford itself was much worse before 1900 due to the locks being built to keep water back rather than let the
water flow down - leading to the flood plains being inundated after heavy rain. But since 1900 there have been six bad
flooding occasions: June 1903, March 1947, November 1954, Easter 1998, July 2007, January 2014 and again in
January 2024 Note that only 3 occurred in the first 97 years but 4 have occurred in the recent 26 years.



Local Hydrology Analysis for FFRG group 14

Overall Summary Observations

As far as the local climate is concerned, it would appear that warmer, wetter winters with increasingly persistent rain
over long periods is providing the driving force behind large volumes of water descending from the Berkshire Downs to
the floodplain and flat areas of the Vale of the White Horse via increased streamflow and overland flow.

Observed streamflow from gauged brooks may be increasing through the recent closing of water abstraction schemes,
and the observed raised groundwater levels that this closure has effected may be creating new ephemeral spring-lines. It
is pertinent to remember that up to 95% of stream and river flow in Chalk aquifer regions are provided from
groundwater. This is more or less a constant as the streams continue to flow even after an extended period of drought.
Therefore the increase in recent flooding events has to have a source that has become a major factor over past recent
history.

Apart from the increased area of land covered in impervious layers from housing, roads and industrial complexes, there
is the possibility that stream channels have become both narrower through vegetation ingress and silted up raising the
overall level of the stream.

A third possibility is the extent to which increased rainfall, both in terms of volume and number of adjacent storm
periods, is creating the conditions of saturated upper soil surface of these predominantly clay soils, creating an
impermeable cap and thus creating excessive overland flow from the Downs to the Vale floodplains both directly onto
the flat regions of the Vale, and via increasing the streamflow, overtopping the stream margins themselves. A correlated
factor is that flooding appears to occur in winter periods where the previous summer rainfall is greater than winter
rainfall.

This summer rainfall increases the general height of the groundwater level and then winter rainfall “overloads” the
system, increasing flow from established springs and creating ephemeral spring (often called winterbournes ) flows
produced under the increased hydraulic pressure. The combination and relative balance between the hypothesised
surface clay capping creating overland flow and increased groundwater spring flow needs investigating. But there
doesn’t seem from the hydrological point of view to be a single factor that stands out as being the cause of the flooding
- more an increase in all the possible factors combining to cause the flooding.

There are probably engineering solutions that can be used to ameliorate flooding (e.g. Sustainable Drainage Systems
(SuDS) - either natural in form or more engineered - but the evidence that winters will become wetter and warmer will
require solutions that are designed, not just for immediate effect, but for the increased rainfall in future years. A recent
paper by UK Met. Office researchers [16] predicts that the number of days of high-impact heavy rainfall in the UK
leading to flooding could rise by 3 days per year. Currently the UK has a range of 6 to 9 days a year of intense and
prolonged rainfall and this range has already produced four major flooding events in Oxfordshire in the past 26 years.
An increase of heavy sustained rainstorms by 30% per year will require some serious future-proof solutions if flooding
is not to become a routine every year event.

With regard to future modelling, a paper by Adams et al. [17] defines and calibrates a multiple linear regression model
for the Chalk region around Brighton to predict maximum annual groundwater levels based on just a minimum
groundwater level and the summation of rainfall between time limits defined by the minimum and maximum
groundwater levels. The model was calibrated on 17 years of data (1981-1998) and validated on data from 1998-2003.
Our local groundwater data is probably sufficient for a similar exercise to be performed to provide a predictive model.
This requires further analysis and correspondence with former colleagues at the British Geological Survey at
Wallingford before proceeding.
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Appendix 1: Reasons for increased UK Winter Rainfall

There are two main drivers of UK winter rainfall - increasing ocean and surface temperature leading to warmer air
mass, and the position of the Jet Stream. According to one study, about 66% of the increase is due to the atmosphere’s
ability to hold more moisture and the rest to the position of the Jet Stream. During the winter, the Jet Stream’s position
and strength is such that warm wet winds approach the UK from the west. The Jet Stream’s position can change but as
Prof. Cloke opinions, the Jet Stream can get “stuck”, termed “blocking”, which may be the cause of this winter (2023-
2024) having storm after storm.

So why don’t we get wetter periods during the summer? During the summer the Jet Stream is typically positioned
further north of the UK and it’s influence on UK weather is less - bringing calmer and drier weather.

A warmer surface to the Atlantic Ocean increases evaporation into a warmer atmosphere that can also, because of its
temperature, hold even more water vapour. Not only is this true of the atmosphere closest to the ocean surface, but
moist air is less dense than dry air, and the buoyant combination of moist and warm air will lift this air mass higher into
the atmosphere, to be replaced with drier cooler air beneath for the process to to continue. Evaporation of surface water
requires energy but the energy remains in the water vapour molecules - as the change of state from liquid to gas does
not change temperature, so the energy is “hidden” and termed “latent energy”. Once in the upper atmosphere, where it is
cooler, the water vapour will condense, releasing its latent energy as heat which warms the water droplets and gives
them added buoyancy to counteract the effects of gravity on the condensed water droplets. In rising up through the now
becoming visible cloud, the water droplets will collide and coalesce with other water vapour molecules, releasing more
latent heat but also increasing their mass and the effect of gravity on these droplets. Eventually gravity wins out and the
now heavy droplets fall through the cloud as rain.

Another factor in increasing rainfall is one due to industrialisation and farming practices - aerosols. These can be liquid
or solid and are often of natural origin, many emitted by vegetation or just dust - but others are human produced (e.g.
soot, ammonium sulphate and ammonium nitrate). These aerosols - once lifted into the upper atmosphere provide the
“seed” onto which water vapour can condense. Recent research from MIT, USA [A1] has shown that this process has
become an increasingly, and maybe the most important factor in the increase in northern hemisphere rainfall patterns
since the industrial revolution.

[A1] Wang,C. 2015. Anthropogenic aerosols and the distribution of past large-scale precipitation change. Geophys. Res.
Letts. 10.1002/2015GL066416.
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