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Get involved in The We Value Nature 10-Day Challenge

- Complete daily challenges. Each challenge can
be completed in around 10 —15 minutes and will
help you take the next step on your nature
journey.

* Register for practical, interactive sessions.

D[:El wevaluenature.eu/10-day-challenge
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Workshop set up: QGIS project
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Irwell - background

Press release

Natural flood management project to
begin at Greater Manchester beauty
spot

A project designed to implement natural flood risk
management (NFM), techniques for communities that lie
within the catchment of the River I[rwell will commence in the
coming weeks.

From: Environment Agency
Published: 9 September 2020
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NDVI

Normalized Difference Vegetation Index
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NDVI (Normalised Difference Vegetation Index)

* NDVI is a way of measuring vegetation
“greenness” by looking at the relative
reflectiveness of photosynthesizing plant
material.

 This is done typically using red and infrared
bands from remote sensing data. Areas that
are not reflective (i.e., dark) in the red area of
the spectrum, where chlorophyll absorbs light,

HEALTHY LEAF

but bright in the infrared. Source: nasa.gov

- NDVI values mathematically range from -1 to +1, although most vegetated
land will have positive NDVI values, whilst water will typically have small or
negative NDVI values.
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NDVI data sources

In this workshop we will be using Sentinel 2 data dating from April

2020 (selected for minimal amount of cloud cover). ©

ES

Data is openly available from a number of platforms such as /j// \“ ‘ .¢
» Copernicus Open Access Hub scihub.copernicus.eu
- Earth Explorer earthexplorer.usgs.gov opernlcus

Europe’s eyes on Earth

& USGS|> 4 v~

science for a changing world

13 leon@viridianlogic.com V }\lgjr(ejl?o;} ﬁETYJ%EUE
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Sentinel 2 data

Sentinel-2A Sentinel-2B
Band Band Central Central Resolution
number am wa\;:l:lr;gth Ban;:::i}dth wa\::l:lr;gth BII;:::'.i}dth (meters)
1 Ee::;: 4439 20 4423 20 60
2 Blu 496.6 65 492.1 65 10
3 Gre 560.0 35 559 35 10
The calculation we are going to -_) 0 - < -« = v
- 5 Vegetation 703.9 15 703.8 15 20
undertake use the infrared and red
- - Vegetation
bands, which are the Sentinel 2A ¢ i w2 m s
bands 4 (red) and 8 (infrared). ;e s n o mr owow
— 8 NIR 835.1 115 833 115 10
8b Narrow 864.8 20 864 20 20
MNIR
s ::;f]z 845.0 20 043.2 20 60
10 SC"::E - 1373.5 30 1376.9 30 60
1 SWIR 1613.7 90 1610.4 90 20
12 SWIR 2202.4 180 2185.7 180 20 gggré:oem
o iridian
14 leon@viridianlogic.com Nature « Logic NATURE -



Workshop exercise: NDVI

* With the Browser Panel, drag the
Sentinel tiles (named S2B...tif) into
QGIS

* Since the data are monochromatic, they
should appear as simple
black/grey/white tiles

Raster Database Web

" Raster Calculator...
Align Rasters...

Georeferencer... : NeXt’ Open RaSter . .
Analysis Calculator by selecting it

i from the Raster top menu

Extraction
Conversion

15 leon@viridianlogic.com V ngl%& ﬁET\G%LEUE




Workshop exercise: NDVI

Set an output file name

Raster Calculator

Raster Bands Result Layer

) N DVI |S C al C u | ate d Wlth th e ggg.;!:Sggggg}gggﬁ?&:}gg;g: Output layer iridianTwo/JOBS/45 WeValueNaturefNDVI/20200424_NDVI.tif @& | ..
. . - : N Qutput format
fo I | OWI n g fo rm u I a . » Selected Layer Extent

X min 499980.00000 - Xmax E72720.00000

Y min £801740.00000 - Y max 5872470.00000

Columns 7274 = Rows 7073

(NIR« - Rﬂd) Output CRS
—_— v Add result to project
(NIR + Red)
o

NDVI

/

<

min max

* The expression can be built  |E_—_—"—_—
by CIiCkI ng the buttons & the { "52B_tile_202@80424_38UWE_8_R18BOBR1" - "S2B_tile_20208424_30UWE_B_R18BR4E1* ) / ( "S2B_tile_20200424_30UWE_0_R18BOBE1" + "52B_tile_20200424_36UWE_B_R18Ba4@1" )
layers in the top panel

Expression valid

Help

("S2B_tile_20200424 30UWE_0_R10B0OS@1" - "S2B_tile_20200424 30UWE_0_R10B04@1" )/ (
"S2B_tile 20200424 30UWE_0O R10BOS@1" + "S2B tile 20200424 30UWE_0 R10BO4@1")

16 leon@viridianlogic.com V Lgr(ejl?o;} ﬁETYJ%EUE



Workshop exercise: NDVI

* The output will match the 20200424 _NDVI.tif file
In the NDV!I folder.

* QGIS style file
20200424 NDVI.gml
can be applied to your
output.

* Note that QGIS will automatically
applies style files that are in the
same folder as the file they apply
to, if they are named the same.

0_R10BOS@1" - "S2B_tile 20200424 30UWE_0_R10B04@1" )/

("S2B_tile_20200424_30UW
"S2B_tile 20200424 30UWE 0 R10BOS@1" + "S2B_tile 20200424 30UWE 0 R10BO4@1")

17 leon@viridianlogic.com V L{tl}gl%g} wET\(fﬁLéJE



Workshop exercise: NDVI

- To apply a QGIS style file, right- "
click the NDVI layer in the '
Layers panel and click
Properties.

* The Symbology tab on the left is
where styling is changed.

* Click the Style button on the

Color gradient

Min -0.761017 Max 0.999489

Min / Max Value Settings

QGIS Server

] - [ Contrast

bottom, select Load Style... - o B|m————

[ Grayscale

navigate to 20200424_NDVI.qm|
and press Apply

Oversampling 200 @& 2

("S2B_tile_20200424 30UWE_0_R10B0OS@1" - "S2B_tile 20200424 30UWE_0_R10B04@1" )/ (
"S2B_tile 20200424 30UWE_0O R10BOS@1" + "S2B tile 20200424 30UWE_0 R10BO4@1")

18 leon@viridianlogic.com V ngl%& ﬁET\G%LEUE



N.B. Image contains WatercourseLink.gpkg from

NDVI discussion

Watercourses folder

Sentinel Vegetation Health
(Bands 8A, 11, and 2) 7

_ (NIR — Red)

NDVI= NIR + Red)

Referencing the NDVI formula,
more positive values show a
greater abundance of vegetation.

p =" "1 + Comparison to the river network reveals

where there are opportunities for more
vegetative cover in the landscape

- Comparison with other indicators can lead
to a deeper understanding of opportunities

- However, without knowing how overland
flows reach the river network, these areas
of opportunity may not impact downstream
water problems

o iridian
leon@viridianlogic.com Nature « Logic ﬁETYJ%EUE




Hydrologic modelling

Surface flow of water over the topography of the land

20 leon@viridianlogic.com
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Hydrologic modelling

« Knowing where water flows over the landscape gives an indication of where to best
place nature-based solutions to slow overland flows that feed the river network.

21 leon@viridianlogic.com LQEI%Q ﬁET\GﬂELEUE



Hydrologic modelling data sources

For this workshop, we will produce a basic flow accumulation raster, which simply
requires a DEM (Digital Elevation Model).

We will be using the 25m resolution EU DEM v1.1,
which is an open data product from Copernicus. /}// @‘ ‘ ‘.
A ol

https://land.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-v1.1

Each EU DEM tile covers 10° x 10° and can be } OpECI;H!CLEJSh

several gigabytes in size. A small portion has been 3 % -
clipped from this large tile to use for analyses: \ Gi:‘ &
eu dem v11 Irwell500m.tif in the DEM folder. |

22 leon@viridianlogic.com V LQSI?{)@E} ﬁET\G%LEUE


https://land.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-v1.1

Workshop exercise: Hydrologic modelling

 Load eu_dem_v11 Irwell500m.tif from
the DEM folder into QGIS. The DEM is
typical of any landscape with hills valleys
and dips

* The first two steps of this process are pit
filling and calculating flow direction

* Pit filling Is necessary because
hydrologic algorithms are simple in
understanding landscapes and flows
that channel into dips never flow out

* Flow direction determines the preferred
downhill direction of flows in the DEM

23 leon@Vviridianlogic.com V ngl%g} HET\G'GELEUE




Workshop exercise: Hydrologic modelling

Processing Toolbox

%08 %3 - Pit filling and flow direction are calculated in one step using the

&, Search... . . .
T Recantly usad r.fill.dir tool in the Raster tools of the GRASS package
() Cartography )
() Database S L eC® rfill dir
(2} File tool Ay =
Q Interpotaton S N parameters | Log * efill.dir
@ Layer tools il ¢ S et to AT 1 Filters and generates a depressionless
() Mesh v () Cartography |- = eu_dem_v11_Irwell500m SiEmedireutsh [IGNF:ETRSBOLAEA ~ | | - elevation layer and a flow direction layer
() Network anawsis (2 Raster tools D E M Output aspect direction format [optional] from a given elevation raster layer.

() Plots

() Raster analysis
() Raster creation
() Raster terrain analysis ~ Raster (r®) Depressionless DEM

() Raster tools & rbasins.fil ° S Et |-| )BS/45_WeValueNature/DEM/eu_dem_v11_lrwell500m_filled.tif

() Vector analysis rfill.dir
= +/ Open output file after running algorithm

() Vector geometry

;&_- GDAL
@ GRASS P Advanced Parameters

grass -

i v - =

() Vector creation o rhi
- rfill.stats
. . Flow direction
() Vector general @ riilinulls o dir O utp ut
() Vector geometry @ rlake . . | feValueMature/DEM/eu_dem_w11_lrwell500m_flow_direction.tif
() Vector overlay ) Filters and generates a depressionless t -I: -I: | ) .
G; Vector selection @ rpatch | glevation layer and a flow direction layer from a . I I e S v| Open output file after running algerithm
- b SAGA given elevation raster layer.
(2} Vector table @ = Problem areas
() Vector tiles Algorithm ID: ' grass7:r.fill.dir [Save to temporary file]

‘% GDAL
' GRASS

" KL tools  Use the Search bar in the | o
v A Qgis2threejs

' © saon Processing Toolbox panel to
locate r.fill.dir quickly

24 leon@viridianlogic.com V Lg&gl ?o;} ﬁETYJ%EUE
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Workshop exercise: Hydrologic modelling

« Optionally fill in paths to the Depressionless DEM and Flow dlrectlon
parameters, then click Run ' -

L XeN ) rfill.dir

Parameters | Log | r.fill.dir

B

Elevati § .
evation Filters and generates a depressionless

| B eu_dem_v11_lrwell500m_flow_direction [IGNF:ETRSBOLAEA ~ | li=al] elevation layer and a flow direction layer
from a given elevation raster layer.

Output aspect direction format [optional]

|glﬂ5$ —_ |

b Advanced Parameters
Depressionless DEM

)BS/45_WeValueNature/DEM/eu_dem_v11_Irwell500m_filled.tif €1 ||;|

Open output file after running algorithm

Flow direction

feValueNature/DEM/eu_dem vi1_Irwell500m_flow_direction.tif & | ...

Open output file after running algorithm

Problem areas

| [Save to temporary file] | |;| ’7

| 0% [| cance

| Help | |Run as Batch Process...| | Close | l Run ‘

* Apply the flow direction style file to the output
eu _dem_v11 Irwell500m_flow_direction.gml

\/iridian |
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Workshop exercise: Hydrologic modelling

» Loading WatercourseLink.gpkg data from
the Watercourses folder, we can see how
the styled flow direction data generally*
lead toward the river network

* The river network data and DEM data are from
Independent sources and derived for different scales,
and so may disagree at finer detall

1 \
26 leon@viridianlogic.com gu}rgll?o;} wET\(fﬁLéJ .



Workshop exercise: Hydrologic modelling

Processing Toolbox

"{#' #' ::-:‘;I =

| Q search... e

3
3
¥
¥
3
3
3
¥
¥
3
3
3
¥
¥
3
3
3
¥
¥
3
3
3
¥
¥
3
3
3

() Recently use
Cartography
Database
File tools
Interpolation
Layer tools
Mesh

Plots
Raster analysis
Raster creation

Raster tools

() Vector analysis
() Vector creation
() Vector general

() Vector geometry

() Vector overlay
(2} Vector selection
() Vector table

() Vector tiles

% GDAL

' GRASS

. KML tools

A Qgis2threejs
& SAGA

% SLYR

27

Network analysis

Raster terrain analysis

Processing Toolbox

 Use the filled DEM ump

R NCINEEN

L flow

~ (1) Recently used
% rflow
& rill.dir
~ { GRASS
- Raster (r¥)
% rdrain
& rill.dir

rflow

% rgwflow
4 rsim.water
% rterraflow
- Vector (v.¥)
% w.net.flow
~ & SAGA
* Simulation

* Set an output

r.flow

tffile  smm—

Construction of flowlines, flowpath lengths,
and flowaccumulation (contributing areas)
from a raster digital elevation model (DEM).

Algorithm ID: 'grass7rilow’

leon@viridianlogic.com

eCe r.flow

* Flow accumulation is calculated in one step using the r.flow tool
In the Raster tools of the GRASS package

Parameters Log

Elevation

| 3" eu_dem_v11_Irwell500m filled [IGNF:ETRS8SLAEA]

Aspect [optional]

\ -]l

Barrier [optional]

\ ~|[=]
ber of cells b flowli

==

[optional]

| Not set |:|

Maximum number of segments per flowline [optional]

| Not set |:|

Compute upslope flowlines instead of default downhill flowlines
3-D lengths instead of 2-D

P Advanced Parameters

Flow line [optional]

v| Open output file after running algorithm
Flow path length

‘[Savelo temporary file] | ‘;l

V| Open output file after running algorithm
Flow accumulation
WeValueNature/DEM/eu_dem_v11_Irwell500m_flow_accumulation.tif & || .|

v Open output file after running algerithm

r.flow

Construction of flowlines, flowpath
lengths, and flowaccumulation
(contributing areas) from a raster digital
elevation model (DEM).

\ 0% |
L ‘ Help ‘ |Run as Batch Process... |K| |T|
\/ lrldlan WE VALUE
Nature « Logic NATURE



Workshop exercise: Hydrologic modelling

* The output flow accumulation layer will look
fairly plain initially. That's because as the flows
coalesce, the pixels consecutively add in value,
whilst QGIS displays rasters with a linear
gradient by default.

* Apply the
eu _dem_vl1l Irwell500m_flow_ accumulation.gml
style file to the output flow accumulation layer

* |n this style file, the darker the shade, the more
flow has accumulated.

\/ividian |
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Hydrologic modelling discussion

* From our flow accumulation results, we can
look for larger contiguous areas of heavy
(darker shaded) flow

This identifies areas where water flows over
the land and into which section of river

As such, intervention measures placed in these
areas will likely mitigate downstream river
problems

However, this is just using topography without
consideration for whether natural features
already provide some measure of mitigation

\/ividian |
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Hybrid solutions

Short overview of Viridian Logic methodologies

30 leon@viridianlogic.com

TEMA osoming revons
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Hybrid solutions

* With NDVI and flow accumulation datasets, it is now possible to
produce a metric that captures both areas of flow, and areas
where vegetative cover can be improved, and determine effective
nature-based interventions that mitigate problems downstream

- NDVI varies between -1 and 1, whilst flow accumulation starts
from zero and has no upper bound, so a combined metric Is not
straightforward

« Both methods covered today do not consider other factors, such
as rainfall or soll texture, whilst calculating flow.

« As with NDVI and basic flow accumulation, it is not clear how to
marry contrasting measurements, such as soil depth with rainfall
volume

31 leon@viridianlogic.com ngl%& ﬁET\GﬂELEUE



Hybrid solutions — Viridian Logic

* Viridian Logic methodology is based around variations of RUSLE
(Revised Universal Soil Loss Equation) which weights the flow
accumulation calculation with multiple contributory and resistive
factors in determining flow volumes

* Viridian Logic works from the solution end (as per NDVI), with the
idea that knowing “what to plant where?” is a more immediately
actionable item than "how bad is the problem?”

« Landscape factors are ranked and weighted and processed, which
then re-ranks the landscape by flow accumulation to determine
how well the landscape mitigates overland flow problems

« Simultaneously, factor combinations relating to different habitat
types are fit to determine what and where habitats deliver the
greatest catchment improvement
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Workshop exercise: Hybrid solutions

* Load flood upslope source_ ViridianLogic.tif
from the ViridianLogic folder

* Do use the Layers panel to switch between this
data and the earlier flow accumulation output.

* Note how, on large scales, this layer can be seen
to reflect the basic flow accumulation layer, whilst
smaller scale details reveal deviations from the
basic methodology.

* This is an intermediary product of Viridian’s
processing pipeline shown here to demonstrate
flow accumulation’s power in determining nature-
based solutions for water
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Workshop exercise: Hybrid solutions

* Now load
flood_mitigation_provision_ViridianLogic.tif
from the ViridianLogic folder

* This provision layer describes how well the
landscape is working at mitigating the amount
of flow it receives relative to other parts of the
landscape

 As such, there is no definitive problem being
defined by the data — it simply reflects on
where land use can be improved with respect
to riparian flooding relative to the rest of the
catchment
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Workshop exercise: Hybrid solutions

* Now load | e e AU S
flood_mitigation_10.00pct_solution_ViridianLogic.tif N <o N S R ‘\, N
from the ViridianLogic folder e .\'f;;\ "\ LL; ( "

. . . ’ g e Ty L N
 This solution layer describes what should be . (/’\»f E LAl :‘1\7{\2 )
done where to mitigate flooding in the TSRl WS RLU ANC W e T I
downstream areas of the catchment \ PIIRNG B P s A ey

* A note here is “Wetland” solutions are t@/’; S AR ) g

. . . . e\ .‘ it 3 Pt ¢ ¢
collective for just installing wetland, but N Sk Akl L N )
solutions that raise the water capacity of the Lt TN g e L T = X
land e.g., rewetting peatland, bunds, swales... [ w0 La A

. . . I Wetland (; 7 ‘;\'f" - )\

- The image shown here displays multiple levels | ===z (b ol 0 0 S04

. . <20 <10 <5 <2 Priority Ranking (%)| 2N I s B
of solution, rather than just at the 10% level s Vo A N e
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Workshop exercise: Hybrid solutions

* With a ranking methodology, it is possible to
combine different riparian solutions efficiently

- Here, the wetland prioritized for flood reduction . =~ 1
has been combined with the woodland B A0S
planting prioritized for phosphate reduction L,

{

{
* The data Viridian Logic provides to clients are \ t’hf.za;__:g?- :
the 100% solutions and thresholds raster Qs

* Load

flood_mitigation _100.00pct_solution_ViridianLogic.tif ~_“' s A s R

and

flood _mitigation_percent_thresholds_ViridianLogic.tif I Voodand

Into QGIS
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Workshop exercise: Hybrid solutions

. / i . P v-":"\\'
* First, apply the } g > \ € Se N
mgm - = k. .. g ; NN
flood_mitigation_10.00pct_solution...qm!| Sl K Y
- - . Ll > , L
style file to the ...100.00pct_solution...tif o X v e RS W iy
- To generate a 20% solution raster, or indeed - 7™ = LT 5 ‘,'*>f“f\’$, -
the layers needed to recreate the map onthis &, 1% 7V oo 0% 0 o0l
slide, we need Raster Calculator again \ (\ B N L R o T 3;
S T i e A ' o ¥ p'v(v
Raster Database Web (\\“‘( R 4 "f X ey " .:) : &
. Raster Calculator... \\;\\3 : b
Align Rasters... 2 <3 i LA ; | : \\
Georeferencer... m ' = - 2 e : : ., s ;".
Analysis SaiGeionShions: ) ;
Projections W Wetland E &f L oo ; A,
Miscellaneous I Voo 'c:“' o S Rl 1Y Y
Extraction 5 318 0 5 Priority Ranking (%)| //_i i maton PERR "T.'/'._; &
Conversion ST ,/l \‘/ ‘J,..;.—W
’/ ﬁ ,T“\Q ‘-nﬂ,_\/-f" T
S X PNt o, TSR SN
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Workshop exercise: Hybrid solutions

: ‘_ FE e AT i PR g N '
* The formula needed to generate a 20% . L s A N
solution raster is St R 4 g LAY
} e~ - L 7
e NSRS o Sl Wi
(0. < "flood_mitigation_percent_thresholds_ViridianLogic@1" ) * (0.2 > AL IRE R - ’,\ : " ‘7
"flood_mitigation_percent_thresholds_ViridianLogic@1") * %,/ ,"\‘\HI : . LI R *‘-'-y\,..\n(
"flood_mitigation_100.00pct_solution_ViridianLogic@1" ﬁ' { \ \‘.‘\ PR . AN - ) 2 }‘} RN ,,, 4
To D T G ‘ \ B R Yy
where the logic is U o Nhat RN Sl 3
S L ey ONE s B
« SELECT (percentages above 0, i.e., exclude null data) t\-"_,;'._ il ) ~ oM e i «)"Q
* AND (percentages below 0.2, i.e. the top 20%) KA - o —"'}-\ 1 | | "\’ v
- FROM (100% solutions raster, i.e., the "what to do" raster) o AP S e IR e e ik il X |
(= Surface Water Road/BuiIdi;‘g P Wi i i 3 J) T
. . . . . l-.I;bitat Creation Solutions :(\ : X X g )
In this way, if the highest priority areas cannot | vp e SEEp M
be enhanced with nature, the next best priority |z = vl £ N hme
areas can be selected. T BT\ AfSerainete L BRe e e
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The Capitals Community is | %

the networking space for the We want your feedback!
We Value Nature 10-Day Challenge.

Please share your thoughts on

Sign up and join the We Value Nature this session and the overall
group to take part in the conversations: 10-Day Challenge event at:
https://community.capitalscoalition.org https://wevaluenature.eu/Feedback

leon@viridianlogic.com



