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Introduction | How to use this guide _
Click on the

tab to skip to
The purpose of this guidis to inform standard procedures for the Norfolk Water Fund relating 4fteid monitoring a section
of Naturebased Solutiond\[bg for improved water management, especially those that align with requirements for recording key performance indicators
(KPls), alongside natural capital revenues including Replenish, Biodiversity Net Gain (BNG) and Nutrient Neutralityg{ii¢)isTimended as an
information resource for practitioners. An overview of the content of each section is outlined below.

¢ KS R20dzYSyid Aa RSAAIAYSR (G2 06S WoNRgaSRQ oA K Of A O dg® dnthetabiliyy tosskipd S (i & €
to the beginnind® ortheernd . The next page explainsdhsused throughout this guide to indicate ecosystem services benefits provided by each
of the Naturebased Solutiond\bS. For convenience, last of Acronymis provided in the Resources section.

Introduction
The opening section of this
Guide introduces nature
based solutions for water

NbSoptions
This section provides a
detailed examination of
monitoring approaches for
five differentNbSoptions:
(1) runoff attenuation

Scheme design
This section provides an
overview of monitoring

scheme design, including
consideration of
meteorological,

hydrologicalhydrochemical

Permissions
This sectioroutlines
regulations and permissions

Integration
This section explores the
potential for integrated
AYLX SYSYy Gl GAz

that may be required for
proposedNbSdelivery and
establishing monitoring
networks.

management and outlines
the key elements of a
monitoring framework.

ail O Ay Daitoriagk S
strategies can deliver
multiple NbSin one project
or landholding.

p87¢ p89

features, (2) land use
change, (3) soil
management, (4) riparian p70¢p73

soil, ecological and

geomorphological

components. It also
AYyUiUNRBRdzOSa Wo
YR WwW3az2ftR ail

restoration and (5)
4 AfiGogpainyesafnestignl INF
R HnqRes césg Sudissrnd

Funding

monitoring regimes and key learning outcomes. _This section provides _ Resources
associated cost ranges guidance on potential funding This section links to useful
' pl8¢ p69 streams for specifiblbS sources of information and
p6¢gpl7 options. provides a list of acronyms.

p74¢ p86
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Introduction | How to use this guide

Throughout this guideyou will see the icons shown below. These indicate the ecosystem services benefits provided by each of tHeabkedu$®lutio (Nbg
discussed in this guide.

Ecosystem Service icons

@0 O O

Flooding Water quality Water resources Aquatic habitats Terrestrial habitats Physical interventions
NbSoptions that can  NbSoptions that can NbSoptions that can NbSoptions that can NbSoptions that can NbSoptions that can improve
reduce flood risk improve water increase available water improve aquatic habitats improve terrestrial morphology and physical
(e.g., store water guality (e.g., reduce  resources (e.g., increase (e.g., creation of new habitats (e.g., creation of habitat structure (e.qg.,

during rainfall events)  nutrient pollution) groundwater recharge)  wetland environments) wildflower meadows) reconnecting floodplains)

Clicking the icon links in the document will bring you back to this page for definitions.
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Introduction | What are Naturdbased Solutions (NbS) ?

Nature-based SolutionsNb9 are strategies that seek to utilise natural processes to address environmental, societal, and economic challenges such as
climate change, water security, natural disasters and biodiversity loss. Nadgezl Solutions are designed to work with, rattiean against, nature
and offer costeffective, sustainable, and resilient alternatives to traditional engineered, hureatric, approaches.

Key objectives oNbSfor water resources management

1.

Reducing flood risk slowing, storing, and absorbing excess water to mitigate

flood impacts.

Reducing drought riskincreasing rainwater infiltration to enhance groundwater

recharge and support river baseflows.

Improving water quality| intercepting, retaining, and absorbing pollutants to

reduce contamination of waterbodies.

Restoring ecosystemisenhancing biodiversity through restoration of natural

aquatic and terrestrial habitats.

Enhancing climate resiliendemaking landscapes and water resources more
resilient to climate variability and extreme weather events.

© IUCN
https://iucn.org/news/ecosystermanagement/201901/informing

globalstandardnature-basedsolutions



https://iucn.org/news/ecosystem-management/201901/informing-global-standard-nature-based-solutions
https://iucn.org/news/ecosystem-management/201901/informing-global-standard-nature-based-solutions
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Introduction | What are the key elements of a monitoring frameworkNiS?

Establishing an effective monitoring framewoikr Nature-based Solutions requires consideration of five main aspects:

1. Defining objectives and key performance indicators (KRIspstablish clear,
guantifiable, and outcomalriven KPIs for each specific NbS that align with desired
environmental and socieconomic benefits.

2. Baseline assessments and reference conditipreonduct baseline monitoring or
collate preexisting historical datasets to establish-jpnplementation benchmarks,
adopting a beforeafter, controlimpact approach.

3. Spatial and temporal considerationisdesign monitoring protocols that account for
site-specific heterogeneity and temporal variability.

4. Analysis and interpretatiory consider the most appropriate methods for interrogating
monitoring data and comparing against baseline assessments and predefined KPIs.

5. Stakeholder engagement and participatory monitoringntegrate communitybased
approaches and mukactor collaboration to enhance stakeholder involvement and
support effective policy integration.
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Designing a monitoring platfornp Considerations

© w

L : : : : : Which parameters to monitor?
The purpose omonitoring: Determines the appropriate temporal and spatial resolution required and the ch parameters fo montto
parameters to be monitored. For example, is it to identify pollution sources, assess NbS effectiveness, or to ‘,_Water ualit N poTTTTTTETE T R
understand the existing conditions? | quaiity i 1 Hydrology !
1V conductivity i i V stage i
iV pH i 1V discharge i
IV turbidity Ly dwater level |
N _ _ _ _ I ) i1V groundwater level
Catchment characteristicstrongly influences catchment dynamics. Properties such as land use, soil type, |V dissolved OXygen 1 Seooooooooooooo -
topography, geology and climate all influence hydrological functioning and, conseqrfiyerformance. i V temperature i ‘,_é;i-l """""""" ™
iV nitrate b _ i
i i ' | V pore water quality |
1V total nitrogen . e I
S i V phosphate P V infiltration rate !
! 1 . 1
: ! prosp i ' V bulk density !
Precipitation Evapotranspiration 1V total phosphorus | i . i
e .1V nutrients !
(CCoTTTTTT T \ iV moisture content |
. ! !
1 Meteorological o . i
Exteénsive : : : V bIO|Ogy 1
Exposed Intensive Arable/Crop 1 V tempera‘ture 1 H :
Pisls L ! o i1V carbon content I
: V precipitation i N e A
i V solar radiation T S
] ] H
| V humidity i Aquatic ecology i
1 signore enon STITTIIIIITIITTIIToT |V diatoms ]
HighDISCHErGENY) Low Discharge w r O . b 1
BRIZ063 ighn| High P = 1 Terrestrial ecology i1V invertebrates i
g LowP OW ediment . 1 1 I
Sediment Flushing ...,..sft;_rige_. i V birds i i V fish i
e i V poliinators ol V macrophytes !
1 - ——— ’
WINTER SUMMER i V mammals i
N\ Yy, :\ V plants !
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Designing a monitoring platfornp Considerations

@ \

What monitoring resolution is required?

"""""""""""""""""""""""""""""""""""""""" N —_ 05
= + Reveals intricate dynamics of rainfdépendent pollutant transfers E ) o] Ep—
2 + Enables identification of periods of pollutambbilisationand storage i f; 02 -
= A » I Enables determination of pollution pathways and catchment response timies £ o1 . | : .
= 3 L . Provides insights into pollution sources and pollution loads | Bl Dl Bl Tl B
.l -+ Potential to develop conceptual models of hydrochemical processes i -
o e é + Powerful tool for landowner engagement i o Hhourly
) i 1
%, 3 § - High capital costs of installing, maintaining and running instrumentation i r :"{/\j\u
T =2 - Highlabourcosts for equipment maintenance and data processing ! o ' T '
p - Can be unreliable, leading to instrument breakdowns and data gaps i WA =R DEE
. - In-situ sensors only available for a limited range of water quality parameters — Daily
___________________________________________________________________ y "E 03 —
""" R T
£ + Quicker to conduct and easier to deploy over a wider geographic area | & oo kg : : |
c = + Significantly cheaper with minimal capital, installation, and maintenance cpsts New 21 Novze  Decon e
-8 _8 ¥ + Can be used to produce data on a full suite of water quality parameters i 05 v
g EL =l + More reliable data generation with minimal downtime ! = ’
@ S S Pro.vides valuable understanding of baseline conditiqns i A& —
E r&-J - Fails to capture the full range of pollutant concentrations ! 00 -7 ; T ;
il - Fails to capture precipitation event responses i Now 21 Now 26 Dec 01 Dec 08 Dec 11
— ‘25 - Greater uncertainty in pollution load estimates i o _ _ o
- Harder to identify the sources and pathways of pollution : Impact of moir:'ig:g\r%t;eﬂsgriutlon upon data Lowresolution monitoring
4

Key message

Highresolution, longterm monitoringprovidesmore detailed evidence on catchment behaviour, but greater costs mean it must be selectjvely
targeted to maximise benefits. Such monitoring cannot deliver an understanding of the full range of pollutants and timeredsr be paired with
manual sampling and laboratory analysis to provide a complete picture to inform catchment management decision making.
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Designing a monitoring platfornj Considerations

Choice of monitoring equipmeniDetermined by the purpose, parameters, and resolution required to effectively monitor the impact of the dibSeAlso determined by
the funding available and duration of the project. Long duration projects supported by substantial funding would beneditfrdmStandarcapproach utilising specialist-gitu

telemetered technologies, whilst short duration projects with limited funding are likely to reBeaicor Standardr LILINR2 F OKS & dzaAy 3 OKSI LISNI W2[F T
analysis.
.

N\

J/

N
Before-after, control-impact approachRequired to ascertain the impact of the chosen nathesed solution compared to baseline conditions.

A Compare manipulated siténfpact) with nonmanipulated site
IMPACT CONTROL (control) before & after implementation of Naturbased Solutions

A Measurements taken preeployment ofNbS(before) provide a

baseline against which to compare paitployment conditions
(after).

Monitoring
BEFORE

A Neighbouringontrol site provides additional spatial reference that
can be used teemove confounding effects from natural variability in
the weather.

NbS Monitoring Duration
WV No NbS i _ N _ o
Monitoring A For most projects, obtaining a full hydrological year of monitoring before and after
AFTER implementation is highly recommended to determiNéSperformance under a wide

range of weather conditions.

A LargerscaleNbSfeatures (e.g., floodplain reconnection and land use change) are likely fo
benefit from longerterm monitoring (510 years) after implementation to capture change
in slower responding environmental components (e.g., biodiversity, soil carbon).

vl

J
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Designing a monitoring platfornj Considerations

1. Cover crop

Monitoring trains: Allow for a more accurate assessmeniNifSefficacy by capturing

pollutant dynamics along the full length of teeurcepathway-receptor continuum. An example
of a fivestage monitoring train for assessing the efficacy of winter cover crops at reducing nifrate
leaching losses from arable fields is outlined below:

A Stage 1gource: at the impact site, sample arahalysecover crop leaf and root material to
determine the % nitrogen content arahable calculatiorof nitrogen uptake rates from the
soil (kg N/ha).

A Stage 2 $ource: conduct soil sampling {80 cm depth) and analysis across both control and =
impact sites to determine residual soil nitrogen content (kg Nithat is vulnerable to :
leaching.

1/ 3. Porous pots

A Stage 3pathway): install network of ceramic porous pots (90 cm depth) across the contrgl # . 7 ' FCE
and impact fields to capture sailater leaching through the upper soil horizons. Soil water| =S :

samples extracted by vacuum pump aathlysedor nitrate concentrationfng N/L) inthe

laboratory.

A Stage 4 (pathway)sample outflows of subsurface (140 cm depth) agricultural field
drains which discharge soil water directly into the ditch/river in control and impact areas.
Analysenitrate concentration (mg N/L) in the laboratory and calculate nitrate loads releasgd
from the drainage network (kg N/ha) by measuring drain discharge rates (L/s)

@

¥ 4.Field drains

A Stage 5ieceptor): analyseditch/river nitrate concentrations (mg N/L) and loadtg (N),
downstream of the control and impact sites determine the extent of nitrate pollution in
\_ the waterbody. )

Photo credit: Wensum DTC
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Designing a monitoring platforni Meteorological parameters

Precipitation Tipping bucket rain gauge, 0.2  5-10 years Understanding pollution mobilisation,
As the primary input of water to a catchment, the amount of (mm) mm resolution, telemetered 15 hydrological response times, and
precipitation will ultimately determine the quantity of surface water min interval calculating catchment water balances
and groundwater resources. Precipitation is also closely linked to the  temperature Thermometer, 0.9C resolution,  5-10 years Calculating evapotranspiration rates and
delivery of pollutants to watercourses and therefore any water (°C) telemetered 15min interval understanding impacts upon water quality
gqueig rrgr?]rg:::;mg t?}reorgpr)zrr];nr:]zgris;l?clzsr’loa:g(;il:’(::mmpeeti;frfglﬁglsoIar Relative humidity Hygrometer, 0.1% r_esolution, 5-10 years Calculating evapotranspiration rates
.. o . . (%) telemetered 15min interval
radiation will impact upon biotic process within surface waters.
Net solar radiation ~ Radiometer, 0.1 W/rh 5-10 years Understanding impact on crop growth and
W/m? resolution, telemetered 15nin aquatic biotic processes and calculating
interval evapotranspiration rates

* Link to metoffice information

SWANHILLS WEAT 01/10/2016 00:00 - 14/10/2016 23:59 GMT

17
16
15
14
13
12
1
10
1.4
)
8 12
7 1

z | . | Example of higiesolution
. (15 m_mute) precipitation
3 . | and air temperature data
E .| recorded by a telemetered
: | Tt 1 : [ 1} | ] | | weather station.
Weather station | Salle, Norfolk. 02-10 0310 0410 0510 06-10 07-10 08-10 09-10 10-10 11 10 12 1o 1310 14-10 Salle, Norfolk.
Photo credit: Wensum DTC >>AIR TEMPERATURE(deg/C)<<



https://weather.metoffice.gov.uk/learn-about/how-forecasts-are-made/observations/weather-stations
https://weather.metoffice.gov.uk/learn-about/how-forecasts-are-made/observations/weather-stations
https://weather.metoffice.gov.uk/learn-about/how-forecasts-are-made/observations/weather-stations
https://weather.metoffice.gov.uk/learn-about/how-forecasts-are-made/observations/weather-stations
https://weather.metoffice.gov.uk/learn-about/how-forecasts-are-made/observations/weather-stations
https://weather.metoffice.gov.uk/learn-about/how-forecasts-are-made/observations/weather-stations
https://weather.metoffice.gov.uk/learn-about/how-forecasts-are-made/observations/weather-stations
https://weather.metoffice.gov.uk/learn-about/how-forecasts-are-made/observations/weather-stations
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Designing a monitoring platfornp Hydrological parameters

o ) River stage Pressure transducer in stilling well, 5-10 years Understanding hydrological
Monitoring the quantity of surface and subsurface water (m) automatic barometric correction, 0.1 cm responses to rainfall events. Can be
resources is essential for calculating catchment water resolution, telemetered 1%nin interval converted to discharge via manual
balances, quantifying storage, and determining flood and flow gauging calibration.
drought risk. The delivery of pQIIutants to WaterCOl_Jrses IS River discharge Acoustic doppler flow meter, 0.001 m/s 5-10 years Calculatindhydrochemicaloads and
also closely linked to hydrological processes and is (md/s) resolution, telemetered 1%nin interval; For catchment water balance
therefore essential to include within ambSmonitoring very shallow channels with uneven bed use
programme. The relative contribution of surface vs a +notch weir** with a stilling well.
subsurface_ water trans_port ca_ln va_lry substantlally between Groundwater level Pressure transducer in piezometer / 5-10 years ldentifying groundwater flow
study locations, and this has implications for the type of (m AOD) borehole, automatic barometric correction, direction. Calculating groundwater
environmental monitoring that is required. 0.1 cm resolution, telemetered 4in recharge and catchment water

interval balance
Field drain discharge = Graduated bucket (L) + stopwatch, repeated- Calculating agrochemical export fror
(md/s) 3 times per site under-drained agricultural land

* Links point to references about these parameters.
** Note that anenvironmental permiof land drainage consent may be needed for the installation of athannel structure

35

Park Farm Ground level = 39.3 m

Acoustic doppler flow meter

Groundwater Level (m asl)

—— PF BH1 (48 m)—— PF BH2 (17 m)—— PF BH3 (10 m)—— PF BH4 (6 m)
[ I [ [ | I [ [

2012 2013 2014 2015 2016 2017 2018 2019
Example of higitesolution (15 minute) groundwater level data obtained from
pressure transducers installed at four different depth boreholes. Salle, Norfolk.


https://nrfa.ceh.ac.uk/
https://nrfa.ceh.ac.uk/
https://nrfa.ceh.ac.uk/
https://nrfa.ceh.ac.uk/
https://www2.bgs.ac.uk/groundwater/datainfo/levels/home.html
https://www2.bgs.ac.uk/groundwater/datainfo/levels/home.html
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Designing a monitoring platfornf Hydrochemicaparameters

Nutrients, sediment and carbon are cor-
water quality parameters to monitor in

Nitrogen Nitrate In-situ sensor, 0.01 mg/L resolution, <2 years Indicator of agricultural +
surface and subsurface resources, (mg N/L) telemetered 36min interval sewage pollution
alt_hOUQh doing so at .hlgrESOlu“O'f] ‘ - Ammonia In-situ sensor, 0.01 mg/L resolution, <2 years Indicator of agricultural +
using automated equipment entails }_ telemetered 36min interval sewage pollution
conS|derque capital and maintenance | Total Lab analysis - Calculating nutrient loads
costs. ImRsitu sensors can onIy measure, nitrogen

subset of key water quality parameters Phosphorus Phosphate  In-situ sensor, 0.01 mg/L resolution, 3-5 years Indicator of agricultural +

and have a higher inherent uncertainty (mg P/L) telemetered 36min interval sewage pollution
aSSO.CIated with the data. COUp“n.g wit Total Lab analysis - Calculating nutrient loads
quality assured laboratory analysis phosphorus
ensures generation of robust datasets. _ WS : . . .
Riverine bankside monitoring station | Salle, Norfolk JeElslelg Dissolved  Lab analysis - Calculating carbon loads
Photo credit: Wensum DTC (mg C/L) organic
20 ; Sediment Turbidity In-situ sensor, 0.01 NTU resolution, 3-5 years Indicator of soil erosion
) (NTU or mg/L) telemetered 36min interval
Example high
] resolution (30 Total Lab analysis - Calculating sediment load:
15 7 J minute) nitrate suls_gended
- ; solids
i T ﬂ concentration data
z Stendard il_{ | (blue)recorded by  pissolved - In-situ sensor, 0.1% saturation, <2years  Essential for aquatic
E 10 - \ an insitu bankside  oxygen telemetered 36min interval respiration +
e 1 monitoring station, (% or ma/L) measureof oxidation state
i % Salle, Norfolk. . . .
= Weekly manual arab Temperature - In-situ sensor, 0.0°C resolution, 5-10 years Impacts dissolved oxygen
Y 9 (°C) telemetered 30min interval concentrations
sampling and
laboratory analysis ~ Conductivity - In-situ sensor, >S/cm resolution, 3-5 years Indicates origin of water +
data also shown (>S/cm) telemetered 30Gmin interval dissolved solids content
—— Kiosk (30 min) ® Lab (weekly) ( ur Ie)
O —Trr T T T T T T T T T T T T O T T T T T T O I T T T O O OO T T O T T T T O O T T T T T purpie). pH = In-situ sensor, 0.01 unit resolution, <2 years Impacts biogeochemical
el R L R e e e L b el e e L et R P e T telemetered 30min interval processes
2= hZ02= CNZ02E WZQ2E hZDZE NZ92E BZQ2E BIZDZE hZD2E % -
< = c < < c < c Chlorophyll Total algae  In-situ sensor, 0.0%g/L resolution,  3-5 years Indicator of
- - - - - - - - (>a/L) telemetered 30min interval eutrophication -
12

* Links point to references about these parameters.


https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
https://www.wfduk.org/
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Designing a monitoring platfornp Soil parameters

Soils represent the main pathway through whic Hydrological  Soil moisture In-situ, capacitance soll 3-5years Determine water
agricultural pollutants are transferred from land & content (%) moisture probes, 1400 availability for crops
into the freshwater environment, via either cm depth, 10 cm intervals, and potential for
f ff bsurf | hi 0.1% resolution, surface runoff and
surface ru.no ] orsu SF” ace leac "_]g' telemetered 15min groundwater recharge
Characterisation of sqll health requires interval generation
measurement of a suite of physical, chemical, _ ) _
hydrological and biological parameters. Some Physical Bulk density Lab analysis - Impacts structural
. . ) o (g/cmd) stability and infiltration
parameters, such as soil moisture content, can capacity
be made using Hsitu telemetered sensors,
soil samples followed by laboratory analysis. capacity it greirsisteltet
(mm/hour) recharge potential
Chemical Soil water In-situ porous pots (90 cm  2-3 years  Determine nutrient
nutrients (mg/L)  depth) leaching to
groundwater
65 Soil nutrients (N, Lab analysis - Determine soil nutrient
& — 10cm P, K, S, Mg) status and calculation
< o0 sl (mg/kg) of catchment nutrient
c —— 40cm budgets.
g 55 —— s50em 9
9 5 — sgm Soil carbon Lab analysis - Calculating carbon
) 80 cm (mg/kg) storage
3 45 90 cm
@ Biological Earthworms Manual count - General indicator of
g 40 (count per nd) soil health
g 3% Respiration rate  Lab analysis GOurst test - Indicator of soll
30 (mg/kg) microbial health

! ! ! ! ! * Links point to references on how to do these tests.

Example highresolution (15 minute) soil moisture content
2012 2013 2014 2015 2016 data (%) recorded at 190 cm depth by an isitu
telemetered soil moisture probe, Salle, Norfolk.



https://ahdb.org.uk/knowledge-library/assessing-soil-moisture-for-successful-cultivation
https://ahdb.org.uk/knowledge-library/soil-assessments
https://ahdb.org.uk/knowledge-library/soil-assessments
https://ahdb.org.uk/knowledge-library/soil-assessments
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Designing a monitoring platfornp Ecological parameters

Ecological monitoring should be conducted across food

webs and include key aquatic (diatoms, invertebrates, Aquatic Diatoms DARLEQ Indica_ttor of trophic status (nutrient
. . . pollution)
macrophytes, fish) and terrestrial (plants, birds,
pollinators, mammals) taxa. Aligning ecological Invertebrates  Benthic kick Indicator of pollution and habitat
monitoring with hydrological and water quality sampling status
monitoring provides a complementary assessment of Macrophytes LEAFPACS2 Indicator of trophic status (nutrient
ecosystem health to inform management of Natdrased pollution)
Solutions. Fish Electrofishing Indicator of pollution and habitat
eDNA status
Terrestrial Plants Habitat mapping;  Indicator of habitat complexity
species survey
(quadrat/transect)
Birds Visual point count Indicator of habitat status
- survey acoustic
Pew recorders
N g0« T Thackthwaite ” \ A
: — Ny / \‘ / A Pollinators Netting bees & Indicator of habitat status
3 M\ I hoverflies
= Mammals Longworth traps Indicator of habitat status
S (small mammals);
g camera traps
:g * Links point to references on how to do these tests.
3
- Example weekly resolution river diatom
CL S S S B R e S B S e B S N A S S S S e S B S population data from three locations in the River

Eden catchment, Cumbria. Credit: Eden DTC.



https://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Biological%20Method%20Statements/DARLEQ2%20User%20Guide%202014_0.pdf
https://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Summaries%20of%20Biological%20Status%20Methods/river%20acidification%20summary.pdf
https://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Summaries%20of%20Biological%20Status%20Methods/river%20acidification%20summary.pdf
https://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Biological%20Method%20Statements/River%20Macrophytes%20UKTAG%20Method%20Statement.pdf
https://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Biological%20Method%20Statements/river%20fish.pdf
https://wfduk.org/sites/default/files/UKTAG%20Method%20Statement%20Lake%20Fish%20eDNA%20Assessment%20Procedure.pdf
https://www.npms.org.uk/
https://www.npms.org.uk/
https://www.bto.org/our-science/projects/breeding-bird-survey/research-conservation/methodology-and-survey-design
https://www.bto.org/our-science/projects/breeding-bird-survey/research-conservation/methodology-and-survey-design
https://birdsurveyguidelines.org/acoustic-survey-methods/#:~:text=The%20characteristic%20songs%20and%20calls,presence%2C%20population%20levels%20and%20behaviour.
https://birdsurveyguidelines.org/acoustic-survey-methods/#:~:text=The%20characteristic%20songs%20and%20calls,presence%2C%20population%20levels%20and%20behaviour.
https://ukpoms.org.uk/
https://ukpoms.org.uk/
https://data.jncc.gov.uk/data/485b119e-ccb9-479f-b181-0904e212b434/CSM-Mammals-2004.pdf
https://data.jncc.gov.uk/data/485b119e-ccb9-479f-b181-0904e212b434/CSM-Mammals-2004.pdf
https://data.jncc.gov.uk/data/485b119e-ccb9-479f-b181-0904e212b434/CSM-Mammals-2004.pdf
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Designing a monitoring platfornmh Geomorphological parameters

Topographic survey LiDAR, total station theodolite Provides detailed elevation mapping; particularly
useful for floodplain restoration schemes

Geomorphological monitoring involves tracking changes in landscapes,
landforms, and surface processes over time. It helps to improve
understanding of natural physical processes like erosion and sediment

deposition, as well ecological processes such as vegetation evolution. ~ River morphology Manual river habitat survey  Assessing river physical characteristics and
Different insitu and remote techniques are used depending on the scale (RHS) habitat types
environment, and objectives.
Spatial changes Drone survey (visual) Provides aerial survey capability for laigmale
NbSfeatures
Temporal changes Fixed point photography Assessing visual changes in a site over time at a

single location

Example LiDAR
topographic survey
output.

Tapographlc s&te survey. for r.unoff attenuatlon feature %
construction | Salle, Norfolk: 4% B e L
Photo credit: Wensum DTC



https://assets.publishing.service.gov.uk/media/62dff4138fa8f564a21dcd5e/RHS-manual-2003_2022-reprint-LIT-1758.pdf
https://assets.publishing.service.gov.uk/media/62dff4138fa8f564a21dcd5e/RHS-manual-2003_2022-reprint-LIT-1758.pdf
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Designing a monitoring platfornp Citizen Science

Citizen science monitoring involves engaging with-parfessional volunteers in the systematic
collection, analysis, and reporting of environmental data to asBéxeffectiveness. Utilising

basic monitoring equipment and access to a large number of people, it can enable the
generation of monitoring data at a higher spatial and temporal resolution than would otherwise
be possible without complex and expensive equipment.

Many citizen science programmes focus on the

Q&Q lower tiers (G1) of environmental monitoring
‘% and produce observational and qualitative
%, data. However, with training and access to-off Basic nutrient test strips (left) or effie-shelf handheld nutrient checkers
% the-shelf test kits, citizen scientists can deliver (right) are lowcost solutions that can be used by citizen scientists for

more advanced targeted quantitative generating water quality data with relatively little training.
Tier 2: Targeted monitoring (tier 2) oNbSperformance.
advanced monitoring

Catchment Systems

Tier 1: High-density, " .
indicative methods ” B A e N ™Y ' Thmkl(ncg g%%eratlve
. ] : St b a

Tier 0: Mass pe_lrticipation, ol { A full list of citizen science
observational £ , T i based monitoring

approaches, including a
demonstration project in the
Wensum catchment can be
found here:

castco.org



https://castco.org/case-study/wensum-catchment
https://castco.org/
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Designing a monitoring platfornp Tiered monitoring framework

Basic monitoringegime

Attributes: low cost, minimal resources, commuriid,
monthly ¢ yearly data resolution.

Purpose:Provides essential insights inbSperformance
with limited equipment and expertise. Ideal for smsdlale or
community-driven projects involving citizen sciengroups

Key components

T

T

Meteorology: use existing Environmertgency or Met
Office data.

Hydrology:simple water level logger; extrapolation
from Environment Agency datasets.

Water quality: occasional manual grab sampling and
analysis using handheld probes for basic parameter
such as pH, dissolved oxygen, and some nutrients.

Biodiversity:simple species presence/absence surve
for major taxonomic groups (e.g., birds, plants).

Geomorphologyfixed point photography; qualitative
sediment deposition observations.

Soils:annual assessment of nutrients and carbon.

Estimated annual cost per site: < £10,000

Standard monitoringegime

Attributes: mediumcost, moderate scientificigor, mixed
methods, weekly, monthly data resolution.

Purpose:Provides robust data for evaluation, suitable for
research collaborations, local government projects, and
NGOs.

Key components

Meteorology: tipping bucket rain gauge.

Hydrology:automated water level loggers in stilling
wells/shallow piezometers

Water quality:regular manual grab sampling and
laboratory analysis for a wider suite of priority
pollutants (e.g., nitrate, phosphate, ammona)d
water quality parameters.

Biodiversity:habitat mapping and seasonal surveys {
key indicator species (e.qg., fish, macrophytes, diato
benthic invertebrates).

Geomorphologytopographic surveys; erosion pins;
river habitat survey.

Soils:seasonal assessment of physical, chemical an
biological properties.

Estimated annual cost per site: £10,0@@E100,000

Gold Standard monitoringegime

Attributes: high cost,comprehensivescientifically
rigorousdata collection, minute; daily data resolution.

Purpose:Provides longerm, highresolution data
suitable for policy impact, largecale research, and
governmentfunded projects.

Key components
1 Meteorology:telemetered weather stations.

1 Hydrology:telemetered water level sensors and
flow meters;groundwater borehole observations

T Water quality: reattime, telemetered, irsitu
monitoring stations; pollutant tracing.

1 Biodiversity:DNA metabarcoding for species
identification; automated acoustic monitoring;
camera traps.

1  Geomorphologydrone surveys; LIDAR floodplai
mapping.
1 Soils:comprehensive monthly assessment of full

suite of physical, chemical and biological
properties.

Estimated annual cost per year: >£100,000
17



9 3 Introduction

Scheme design

NbSoptions

Permissions

Funding

Integration

Resources | 4

Options for Naturebased Solutions

¢ KAa

S .
Runoff Attenuation
Features

Edgeof-field measures to
attenuate and store runoff
under highflow events. These
may include scrapes,
sediment traps and ditch
blocking. Features attenuate
runoff, encourage infiltration,
settle out sediment and
absorb nutrients.

Land use chang

e

T

Conversion ointensively
managed agricultural land to
more natural landscapes. This

could includearable or pasture
conversion to native, species
rich grassland or woodland.
Priority species and grassland
type depend on the location of
implementation.

Soil management
practices

In-field measures to decrease
runoff and encourage
infiltration. Measures could
include minimum tillage,
tramline disruption, or the
introduction of winter cover
crops.

Riparian

restoration

Replanting and restoration
of habitats along riparian
areas to intercept runoff

before it enters river
channels and/or to prevent
pollutants moving further
downstream. May include
grassland or woodland
dependent on location.

aSOlMegTaddzit AofSRENEQ Y2YAG2NAY 3 NB INOSEE reldvanNexamil&Scase stddie2 ¢ A y 3

e 1;‘%—\ -
Floodplain
reconnection

Restoration of ovestraightened
and overdeepened river channels
into a more sinuous natural form
connected with the floodplain.
This may be done through
diverting a river into newly
created meanders and scrapes, or
- W{dl3S »%SNRBQ I L
straightened, deepened channel is
filled in and the river allowed to
find its own course.
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Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

Ecosystem Services provided

Approximate monitoring costs

Basic
CapitalE250 | Annual£700- £1500

Standard
Capital£20,000 £70,0001 Annual£1000- £5000

Gold Standard
Capital£45,000- £120,000 Annual£20,000- £80,000

Case study

Retention pond | Salle Park Estate, Norfolk
Photo credit: Wensum DTC
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Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

Overview :

: : : : : : Primary goals
Runoff Attenuation Features(RAFs)re natural or soft-engineeredlandscapeinterventions designedto intercept, Reduce downstream flood risk
slow, and temporarily store surface water runoff with the aim of reducing downstream flood risk, increasing Reduce particulate pollution
infiltration andimprovingwater quality.

Example approaches

A Leaky damg small barriers constructed in streams and ditches that slow water flow during storm events. Often constructed of wodsly debr

A Retention pondg engineered or natural depressions that collect and store surface runoff resulting in the creation of a permanent stadgiaf) b
water.
A Swaleg shallow, broad, vegetated channels designed to store and convey surface runoff. Commonly used alongside roads.

A Wetlands| densely vegetated permanent standing body of water into which surface runoff can be directed.

Objectives

A Reduce flood risk RAFs capture and temporarily store excess rainwater, gradually releasing it to reduce peak downstream flow.

A Enhance water quality by slowing water movement, sediment and particuksieund pollutants settle out of suspension, improving water quality
before reaching surface watercours@&ological activity within the RAF can also act to reduce water pollutants (e.g., plant nutrient uptake).

A Promote groundwater rechargg RAFs can increase infiltration of surface runoff, enhancing recharge of groundwater.
A Support biodiversity] creation of permanent wetland and pond habitats can improve local biodiversity.
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Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

Retention pond in field corner [Salle Park Estate, Norfolk. Leaky dam in ditch Upper River Nar, Norfolk.
Photo credit: Wensum DTC ©Norfolk Rivers Trust

Wetland | River Mun, NorfolkeNorfolk Rivers Trust Roadside swale Broadland Northway, Norwich, Norfolk.
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Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

Conceptual monitoring design

Monitoring goals

The primary focus for monitoring runoff attenuation features should be
to assess the impacts upon downstream flood risk, erosive surface
runoff and groundwater recharge.

Abasic monitoring regimeshould therefore aim to assess:
1. Water storage volume within the RAF

2. Nutrient and sediment concentrations within the RAF and surface
water

In addition to the basic regime,staandard monitoring regimeshould
aim to assess:

1. Shallow groundwater recharge rates

2. Storm event hydrological responses

In addition to the standard regime,cld standard monitoring regime
should aim to assess:

1.Deep groundwater recharge rates

2. Soil moisture content

3.Complete water balance

Outline monitoring requirements for these basic, standard, and gold
standard regimes are presented on the following pages.

I Soilmoisture probe

I RAFstitingwel

o Flow meter

|:| Groundwater piezometer

CONTROL
Upstream of RAF

V' River monitoring station

IMPACT
Downstream of RAF

: Stream or surface
of influe runoff pathway

Examplegold standardcontrol-A YLIF O Y2y A G 2NAyYy 3 RSaAdy F2NJ
along an existing watercoursé:his design would principally enable assessment of RAF
impacts upon surface water storage, stream discharge, and groundwater recharge.

Control site could be either upstream of the restored section or on a separate neighboging
tributary with similar catchment characteristics.




9 3 Introduction Scheme design NbSoptions Permissions Funding Integration Resources | 4

Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

Basic monitoring regime

Weather Meteorological  Precipitation Obtain from EA Hydrology Data Daily = local Free
Explorer
Surface water Hydrological Water level In-situ telemetered stilling well pressure Nearcontinuous 1 = within RAF Essential for ~ £250- £1000 per unit
transducer Replenish
Chemical Nitrate, Citizen scientist sampling + basic Monthly 3 = upstream + - <£2 per test (test strips);
orthophosphate colorimetric test strips or handheld downstream + £50-£100 per unit + <£2
nutrient checkers RAF per test (Hanna Checker)
Geomorphology  Physical RAF evolution over Fixed point photography Monthly- 1=RAF Essential for NN <£100 per visit
time biannual andReplenish

Estimated capital cost (one off) £250- £1000

Estimated annual running cost £700- £1500



https://environment.data.gov.uk/hydrology/explore
https://environment.data.gov.uk/hydrology/explore
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Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

Standard monitoring regime

Weather Meteorological  Precipitation In-situ telemetered rain Nearcontinuous = near RAF £500- £1500 per unit
gauge
Surface water Hydrological Water level within RAF; river stage  In-situ telemetered stilling Nearcontinuous 3 = upstream+ Essential for NN £250- £1000 per unit
with manual stagedischarge well pressure transducer downstream + andReplenish
calibration RAF
Chemical Nitrate, orthophosphate, total Manual sampling + Monthly 3 = upstream+ Essential for NN £25- £75 per sample
nitrogen, total phosphorus, total laboratory analysis downstream + andReplenish
suspended solids, accumulated RAF
sediment, biological oxygen demand
Groundwater Hydrological Shallow groundwater levels (up to 10 In-situ telemetered pressure Nearcontinuous 10 = 8 impact + - £1500- £5000 per hole
m depth) transducers in piezometers 2 control £250- £1000 per
transducer
Soils Physical Infiltration capacity Infiltrometer test Annual 1 = within RAF Essential for ~ £300¢ £500 per day
Replenish for field technician
Geomorphology  Physical RAF dimensions (3D) Topographic survey (total Annual 1 =RAF Essential for ~ £500- £1500 per site
station) Replenish

Estimated capital cost (one off) £20,000¢ £70,000
Estimated annual running cost £1000- £5000




9 3 Introduction Scheme design NbSoptions Permissions Funding Integration Resources | 4

Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

Gold Standard monitoring regime

Weather Meteorological Precipitation, air temperature, In-situ telemetered weather Nearcontinuous = near RAF £1000¢ £2500 per
humidity, wind speed station unit
Surface water Hydrological Water level within RAF; river discharge In-situ telemetered pressure Nearcontinuous 3 = upstream + Optional for NN £250- £1000 per unit;
transducer in stilling well; isitu downstream + andReplenish  £2500- £7500 per
telemetered flow meter RAF flow meter
Chemical Nitrate, orthophosphate, turbidity, In-situ telemetered sensors Nearcontinuous 2 = upstream + Optional for NN £1000- £10,000 per
dissolved oxygen, temperature, pH, downstream andReplenish  sensor
conductivity
Nitrate, orthophosphate, total Manual sampling + laboratory ~ Weekly 3 = upstream + Optional for NN £25- £75 per sample
nitrogen, total phosphorus, total analysis downstream + andReplenish
suspended solids, dissolved organic RAF
carbon, accumulated sediment,
biological oxygen demand
Soil water Hydrological Soil moisture content In-situ telemetered soil Nearcontinuous 10 = 8 impact + 2 - £500- £1000 per
(up to 100 cm moisture probes (100 cm) control probe
depth)
Groundwater Hydrological Shallow groundwater levels (up to 10 In-situ telemetered pressure Nearcontinuous 10 = 8 impact + 2 - £1500- £5000 per
m depth) transducers in control hole
piezometers/boreholes £250- £1000 per
transducer
Deeper groundwater levels (20 m In-situ telemetered pressure Nearcontinuous 10 = 8 impact + 2 - £10,000- £50,000 per
depth, if required) transducers in control hole
piezometers/boreholes £250- £1000 per
transducer

| 2yGAydzSR 2y ySEG LI 3IS X
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Options for Naturebased Solution$ Runoff Attenuation Features (RAFsS)

Gold Standard monitoring regime

| 2y GAYydzSRX

Soils

Geomorphology

Telemetry

Equipment
maintenance

Physical

Physical

Data

Data

Infiltration capacity

RAF dimensions (3D)

Realtime data visualisation/
management

Infiltrometer test

Topographic survey (LIDAR)

Cloudbased platform

Instrument cleaning

Water quality instrument
servicing

Seasonal 1 = within RAF Essential for  £300¢ £500 per day
Replenish for field technician
Annual 1=RAF Optional for £1000¢ £2000 per
Replenish site
Nearcontinuous  All Optional for NN £500- £1500 per year
Weekly All Optional for NN = £300- £500 per day
for field technician
3-6 months 2 = control + Optional for NN £1000- £10,000 per
impact visit

Estimated capital cost (one off) £45,000- £ 120,000
Estimated annual running cost £20,000- £80,000
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Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

Pickering Beck, North YorkshiteMonitoring the effectiveness of RAFs for natural flood management Case stud

Source www.forestresearch.gov.uk/research/slowitlke-flow-at-pickering/

Initiated in 2009, the Pickering Belowing the flownQ  LINGredt@raduce downstream flood risk
in the historically floodmpacted town of Pickering by slowing and storing surface run@fRs
before it reached the main river channel. This mstidkeholder projected byForest Researcbaw the
installation of a large number of RAFs and other catchment inventions across the Pickering Beck
catchment. These included:

A 167 semipermeable, leakywoody debrisdamsconstructed from felled trees to slow the flow in
headwater stream channels and extend catchment lag times.

A 187heather bale check damesonstructed in moorland drains and gullies to slow upland runoff.

A A large bundedlood storagebasin(120,000 ) excavated in a floegrone area to temporarily
store surface runoff and prevent it entering the main river channel.

A Planting of 44 ha afiparian and farm woodlando increase catchment tree cover.

A Creation of 5.9 ha aiparian buffer stripsalong field margins to intercept surface runoff from
agricultural land, thereby reducing nutrient and sediment ingress into waterbodies.

©Forest Research



https://www.forestresearch.gov.uk/research/slowing-the-flow-at-pickering/
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Options for Naturebased Solution$ Runoff Attenuation Features (RAFS)

(continued)
Pickering Beck, North YorkshiteMonitoring the effectiveness of RAFs for natural flood management Case stud

Monitoring design

A basianonitoring programme was delivered consisting of: m 4000
A 10 x water level loggers installed upstream and downstream of RAFs along four stream
reaches 35004

A - . . . ~ 7\ Upstream
A Discharge data from 4 x pexisting Environment Agency gauging stations.

A Fixed point timelapse photography of RAFs. il

A Two tipping bucket rain gauges. s
Themonitoring datawere subsequently used to support rainfallnoff modelling on the £
impact of all catchment interventions. o 24
&
Results =
Modelling predicted these RAF measures would: 3400 74 T~

A Protect Pickering from a 1 in 3&ar flood.
Reduce downstream flood risk from 25% to 4%.

A 0,500
A Reduced downstream peak flows by-26%.
A

0,000

Create ~20,000 Aof additional flood water storage from woodland and farm measures. i s Tegn s a0 207“1500105 BN BEaN
Time
Water level recorded upstream (green) and downstream (brown) of the Pickering flo

Key monitoring finding storage basin in December 2015 (Slowing the Flow Partnership, 2016).

A lack of prantervention baseline data, coupled with a lack of monitoring
of overbank flows, made accurate impact assessment difficult.
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Options for Naturebased Solution$ Land use change

Ecosystem Services provided

Approximate monitoring costs

Basic
Capital£0 | Annual£4000- £8000

Standard
Capital£1500- £50001 Annual£18,000- £38,000

Capital£50,000- £130,0000 Annual£75,000- £200,000

\

| o Case study

Native speciegich grassland |[Wendling Beck, NorfolkkwRE
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Options for Naturebased Solution$ Land use change

Overview

: : : : Primary goals
NbS approachesto land use change are most commonly associatedwith the conversionof humandominated

landscapeswith limited ecosystenservicepotential, to more naturalisedlandscapesvith lower humandisturbance
that providea broadersuite of ecosystenservices

Reduce water pollution
Increase biodiversity

Example approaches

A Arable or pasture conversion to specieih grassland intensively cultivated arable crop monocultures or improved livestock pastures are converted
to native speciesich wildflower meadows.

A Arable or pasture conversion to native woodlarjdntensively cultivated arable crop monocultures or improved livestock pastures are converted to
permanent native deciduous or mixeghecies woodland.

A Arable or pasture conversion to peatlarjdconversion of drained, carbetepleted, agricultural land to permanently wet, carbigeh, lowland or
upland peatland.

Objectives

A Improve water quality| conversion away from agriculture reduces agrochemical input (fertilisers, pesticides) into surface water and groundwater
resources.

A Reduce soil erosioh replacement of seasonally cultivated crops with permaneative vegetation minimises soils disturbance, improves soil structure
and reduces soil erosion risk.

A Increase biodiversity replacement of single species monocultures with msjitecies native vegetation mixes, increases floral and associated faunal
diversity.
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Options for Naturebased Solution$ Land use change

9 3 Introduction Scheme design

Speciegich grassland [Bintree Norfolk.©WRE Wet floodplain meadow |Dillington Norfolk.@WRE

Woodland creation |©Forestry Commission
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Options for Naturebased Solution$ Land use change

Land use change: Conceptual monitoring design

Monitoring goals

The primary focus for monitoring land use change should be to assess the impacts upon soil health, water quality, weesarizhlziadiversity.

Abasic monitoring regimeshould therefore aim to assess:
1. Soil nutrient leaching into field drainage

2. Soil nutrient and carbon concentrations ey CONTROL
. Species-rich grassland Arable
3. Pollinator presence/absence B
orehole/

4. Surface water nutrient and sediment concentrationSpiezometer Weather
! | SOURCE | Station

I P Soil moisture

In addition to the basic regime,sdandard monitoring =
regimeshould aim to assess:
1. Nutrient leaching into deeper soil water
2. Soll physical, chemical and biological status
3. Terrestrial species abundance

In addition to the standard regime,cld standard = 1T 1 = s [ Ny ol
monitoring regimeshould aim to assess: N | | | | =

1. Soil moisture content | | | ' | |
2. Groundwater recharge rates | | Groundwater flow

monitoring
station

Flow meter

3. Comprehensive species assessment | | | | | | | | |
Outline monitoring requirements for these basic, Examplegold standardmonitoring train design for assessing conversion of arable land to spedEsgrassland.
standard, and gold standard regimes are presented This design would principally focus on the soil zone and enable assessment of water quality along the source
on the following pages. pathwayreceptor continuum (blue).
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NbSoptions

Options for Naturebased Solution$ Land use change

Basic monitoring regime

Weather Meteorological  Precipitation Obtain from EA Hydrology Data Explorer Daily = local Free
Surface water Hydrological River discharge spatially = Obtain from EA Hydrology Data Explorer Daily = local - Free
extrapolated from closest
gauging station
Chemical Nitrate, orthophosphate Citizen scientist sampling + basic Monthly 2 = control + - <£2 per test (test strips);
colorimetric test strips or handheld nutrient impact £50-£100 per unit + <£2 per
checkers test (Hanna Checker)
Soils Chemical N, P, organic carbon Manual sampling + laboratory analysis Annual 10 =5 control Essential for ~ £30- £50 per sample
(top 30 cm) + 5 impact carbon credits
Field drainage Chemical Nitrate, orthophosphate Citizen scientist sampling + basic Monthly 10 =5 control - <£2 per test (test strips);
(commonly 100 colorimetric test strips or handheld nutrient + 5 impact £50-£100 per unit + <£2 per
150 cm depth) checkers test (Hanna Checker)
Hydrological Drain flow Manual measurement with graduated Monthly 10 =5 control - £300¢ £500 per day for field
bucket + 5 impact technician
Biodiversity Terrestrial Birds Manual species survey (visual point counts) Annual 2 = control + Optional for <£200 per day to support
impact BNG citizen scientists
Geomorphology  Physical Landscape evolution over Fixed point photography Monthly- 2 = control + Essential for ~ <£100 per visit
time biannual impact Replenish

Estimated capital cost (one off)

Estimated annual running cost £4000- £8000



https://environment.data.gov.uk/hydrology/explore
https://environment.data.gov.uk/hydrology/explore
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Options for Naturebased Solution$ Land use change

Standard monitoring regime

Weather Meteorological  Precipitation In-situ telemetered rain gauge Nearcontinuous 1 = study site £500- £1500 per unit
Surface water  Hydrological River stage with manual stage In-situ telemetered stilling well Nearcontinuous 2 = control + impact Essential for NN £250- £1000 per unit
discharge calibration pressure transducer andReplenish
Chemical Nitrate, total nitrogen, Manual sampling + laboratory Monthly 2 = control + impact Essential for NN £25- £75 per sample
orthophosphate, total phosphorus, analysis

total suspended solids, dissolved
organic carbon

Soil water Chemical Total nitrogen, nitrate, total In-situ porous pot sampling + Seasonal 10 = 5 control + 5 - £25- £75 per sample;
(upto 100 cm phosphorus, orthophosphate, dissolve laboratory analysis impact £50- £100 per porous
depth) organic carbon pot
Soils Chemical N, P, organic carbon Manual sampling + laboratory =~ Seasonal 10 =5 control + 5 Optional for £30- £50 per sample
(top 30 cm) analysis impact carbon credits
Physical Bulk density; infiltration capacity Manual sampling + laboratory =~ Seasonal 10 =5 control + 5 - £300¢ £500 per day
analysis; infiltrometer test impact for field technician
Biological Earthworms Manual sampling Seasonal 10 =5 control + 5 - £300¢ £500 per day
impact for field technician

| 2y GAYydzSR 2y ySEG LI 3IS X
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Options for Naturebased Solution$ Land use change

Standard monitoring regime

I 2y G Ay dzSRX

Field drainage Chemical Total nitrogen, nitrate, total Manual sampling + laboratory Monthly 10 = 5 control + 5 - £25- £75 per sample
(commonly 100 phosphorus, orthophosphate, total analysis impact
150 cm depth) suspended solids, dissolved organic
carbon
Hydrological Drain flow Manual measurement with Monthly 10 = 5 control + 5 - £300¢ £500 per day
graduated bucket impact for field technician
Biodiversity Terrestrial Pollinators, birds, plants Manual species survey (e.g., Seasonal 2 = control + impact Plants essential £500¢ £1000 per day
sweep netting, point counts) for BNG, others per ecological type for
optional field ecologist
Geomorphology Physical Landscape evolution over time Fixed point photography Monthly-biannual 2 =control + impact  Essential for ~ <£100 per visit
Replenish

Estimated capital cost (one off) £1500- £5000

Estimated annual running cost £18,000- £38,000
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Options for Naturebased Solution$ Land use change

Gold Standard monitoring regime

Weather Meteorological Precipitation, air temperature, humidity, In-situ telemetered weather Nearcontinuous 1 = study site £1000¢ £2500 per unit
wind speed station
Surface water Hydrological River discharge In-situ telemetered flow Nearcontinuous 2 = control + Optional for NN £2500- £7500 per unit
meter impact andReplenish
Chemical Nitrate, orthophosphate, turbidity, dissolved In-situ telemetered sensors Nearcontinuous 2 = control + Optional for NN £1000- £10,000 per
oxygen, temperature, pH, conductivity impact sensor
Nitrate, total nitrogen, orthophosphate, total Manual sampling + Weekly 2 = control + Optional for NN  £25- £75 per sample
phosphorus, total suspended solids, laboratory analysis impact
dissolved organic carbon
Soil water Chemical Total nitrogen, nitrate, total phosphorus, In-situ porous pot sampling  Monthly 10 =5 control + - £25- £75 per sample; £50
(up to 100 cm orthophosphate, dissolved organic carbon  + laboratory analysis 5 impact - £100 per porous pot
depth . . . . . .
pth) Hydrological Soil moisture content In-situ telemetered soil Nearcontinuous 10 =5 control + - £500- £1000 per probe
moisture probes (100 cm) 5 impact
Soils Chemical N, P, K, S, Mg, organic carbon Manual sampling + Monthly - 10 = 5 control + Optional for £50- £80 per sample
(top 30 cm) laboratory analysis seasonal 5 impact carbon credits
Physical Bulk density; infiltration capacity Manual sampling + Monthly - 10 = 5 control + £300¢ £500 per day for
laboratory analysis; seasonal 5 impact field technician
infiltrometer test
Biological Earthworms; respiration Manual sampling; laboratory Monthly - 10 =5 control + £300¢ £500 per day for
analysis seasonal 5 impact field technician; £25£75
per sample

/| 2y iAydzSR 2y ySEG LI 3S X
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Options for Naturebased Solution$ Land use change

Gold Standard monitoring regime

/ 2y Ay dzSRX

Field drainage Chemical
(commonly 100
150 cm depth)

Hydrological
Groundwater Hydrological
Biodiversity Terrestrial
Geomorphology Physical
Telemetry Data
Equipment Data
maintenance

Total nitrogen, nitrate, total phosphorus,
orthophosphate, total suspended solids,
dissolved organic carbon

Drain flow

Shallow groundwater levels (up to 10 m)

Birds, insects, mammals, plants

Landscape evolution over time

Reailtime data visualisation/management

Manual sampling, laboratory Weekly

analysis

Manual measurement with

graduated bucket

Weekly

In-situ telemetered pressure Nearcontinuous

transducers in piezometers

Manual species survey;
Longworth traps; camera
traps; acoustic recorders

Fixed point photography

Cloudbased platform

Instrument cleaning

Water quality instrument
servicing

Seasonal

Monthly-
biannual

Nearcontinuous

Weekly

3-6 months

10 = 5 control +
5 impact

10 =5 control +
5 impact

10 = 5 control +
5 impact

2 = control +
impact

2 = control +
impact

All

All

2 = control +
impact

£25- £75 per sample

£300¢ £500 per day for
field technician

£1500- £5000 per hole
£250- £1000 per
transducer

Plants essential £500¢ £1000 per day per

for BNG, others
optional

Essential for
Replenish

Optional for NN
Optional for NN

Optional for NN

ecological type for field
ecologist; £50 £100 per
camera trap; £250£750
per acoustic recorder

<£100 per visit

£500- £1500 per year

£300- £500 per day for
field technician

£1000- £10,000 per visit

Estimated capital cost (one off) £50,000- £130,000
Estimated annual running cost £75,000- £200,000 -
37
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Options for Naturebased Solution$ Land use change

Haweswater, Cumbria Hydrological impacts of broadleaved woodland vs pasture Case stud 7\~

Sourcenttps://onlinelibrary.wiley.com/doi/full/10.1002/hyp.14453 N
This study conducted during 2012020 around Haweswater reservoir in the Haweswater T
Lake District, aimed to compare the hydrological impacts of setive Reservoir Shap e

broadleaved woodland versus two types of grazing pasture:-i&rdzy R wo2YY2ya
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Monitoring design
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The study area was divided into 9 x small-satthments (<20 ha), with 3 x sub

catchments representing each land use type. Thielldl monitoring programme
consistent of: Map of field sites around Haweswater reservoir, divided intecsibhments dominated by

woodland (W), commons grazing (CG) and-dtemsity grazing (LG) pasture.

A Manual monthly soil assessment$cm depth) of bulk density, permeability
and soil moisture content.

A Stream stage @ninute resolution) recorded via stilling well pressure
transducers installed at sutatchment outlets. This was converted to
discharging using stagedischarge equation for-Wotch weirs.

A Precipitation data (5ninute resolution) recorded via a tipping bucket rain
gauge.

V-notch weir constructed in a stream channel with a stilling well pressure transducer upstream
recording stream stage atfinute resolution.











































































































































































