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Source: WOCAT Knowledge Products

Water Harvesting (WH)Guidelines to Good Practice

Water Harvesting

Guidelines to Good Practice

MekdaschiStuder, RandLiniger, H. 2013

hitps//iwww.wocat.net/library/media/2b
Also available in French:ddllectedet Q SDhrefzive pour de bonpeactiques

SeeWebinar Module lintroduction to Rainwater HarvestinglékdaschBtuderOwei3

vy f & v

Onsite and Offsite Benefits of Sustainable Land Management

On and offsite Benefits of SLM

https:/Mww.wocat.net/en/projectsand-countries/projects/onsite
andoffsite-benefitssustainabldandmanagement

Onsite and Offsite Benefits of Sustainable
Land Management

The Onsite and Offsite Benefits of Sustainable Land Management (SLM) project raises awareness and addresses
the benefits of actio) d costs of inaction in areas where SLM practices are implemented (onsite), and the impacted
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Principle of WH

U composed of:

- Catchment or collection arezhigh runoff
coefficients (e.g. clay or shallow soils,
compacted soils, roads)

- Conveyance system
- Storage component

- Application area or targete.g. deep soils with

high water infiltration and storage capacity

U catchment to application area ratio (C:A)
degree of concentration of rainfall / runoff

U upstreamdownstream dependency
U onsite ¢ offsite dependency

catchment area

Storage conveyance application
system area

catchment area

v

application area
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catchment
&
_—
conveyance river bed

4 Groups of Water Harvesting

1 FloodwateiHarvesting

2 Macrocatchment

3 Microcatchments

4 Rooftop/Courtyard WH

1 & 2 are at watershed level
3 &4 are atlocal/ field level
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Water harvesting / LM practices and
Impactsin the watershed (catchment, basin)

How to estimate surface runoff from daily rainfall in small catchments / watersheds?
What is the influence of:

- Land Cover and Management

- Qil / Slope / Relief

- Amount and Intensity of Daily Rainfall

Watershed
outflow

o)

Surface runoff

|| 80%+ Rainfall

|| 50%-80% Rainfall
|| 20%-50% Rainfall
|| 10%-20% Rainfall

Soil Group .
B A B ! 20-50% Treed good Grass D 5%-10% Rainfall
I 2 20-50% Treed sparse Grass 0/, -5 10, i
- @ 3 2-20% treed good Grass [ 0%5% Rainfall
B c ] 4 2-20% treed sparse Grass
@ RainGauge S A0k R it et Source: Hanspeter Liniger
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Watershed Approach to combine
Interactions of local Land Management (LM) /WH practices

A Current land management
(LM1) determines the runoff
generated from each area Mukogodo watershed (Kenya)

20-50% Treed good Grass
20-50% Treed sparse Grass
2-20% treed good Grass
2-20% treed sparse Grass
2-20% treed bare Grass

RAINWATER HARVESTING LINKING WATERSKEED: HP LINIGER
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Watershed Approach to combine
Interactions of local Land Management (LM) /WH practices

A Current land management ~ WH DamMacrocatchmen(A)
(LM1) determines the runoff
generated from each area

Storage With
A This adds up to the total
runoff/ discharge generated at

with LM LM?2
Mukogodo watershed (Kenya) I
the outlet of the catchmenkX

A Xandinfluencesthe desingof a | ' i = Dam
WHtechnology .

A Any land management change
(LM1A LM2)resultsin a
different catchment discharge WH Demi lune
and potential for Macre / o
Floodwater Harvesting MicrocatchmentiZs

A Tool to develop scenarios is ~ (LM2)
needed for watershed planning
and management: Facilitating
Interactive and participatory
identification of WH practices

Graph: HP. Liniger

Surface runoff

|| 80%+ Rainfall

| [ ] 50%-80% Rainfall
\ |1 20%-50% Rainfall
) || 10%-20% Rainfall
' 5%-10% Rainfall

) |
| 0%-5% Rainfall I

SourceMekdaschiStuder, Liniger 2013;
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An easy to use Watershed Tool?

A A numberof watershedmodelsexit: SWAT, STEPS,
Howeverfew are usedor practicaluse, planningdevelopment of
SLM / WHprojects

A Accordingo practitioners they ar¢oo demandingand thus almost
only applied by researchers in selec@as

A WOCATWith SLM / WH partnerhavebeen developing and testing a
WatershedToolto assess$iydrologicalprocesseshat aresensitive
to land management(first as a DRR tool to identify LM solutions to
reduce floods in Central Asia))

A Which land management areas generate most runoff?

A Whathappens if land use / managemectianges?

A WOCAT Watershed TadHowdoes itwork?

A Basedon single / daily rainfakvents

A QGlIshased open source

A Almostno GIS knowledgeeeded

A Simplecompared toother hydrological models (e.GWAT)

A Prototypeversion:under further development

RAINWATER HARVESTING LINKING WATERSEED: HP LINIGER

Onsite and Offsite Benefits of Sustainable Land Management

4 WOCAT SLM Watershed Tool

B The Watershed Tool helps to categorize and map different land

use/land management types, calculate their runoff rates, and determine
their contribution to the total watershed runoff from daily rainfall
events.




Assessing runoff sensitive to differemhgt practices

Inputs needed
A |dentify watershed
A Map Hydrologicatesponseunits:
A LULCland managemenpractices
A SoilGroup (A, B, C, D)
A Slope
A Soilmoisturecondition(dry, average wet)

SCS Runoff Curve Number Modgts 1972)

- Empiricalparameter(usedtested adaptedworldwide)
- Adjustedto slope(Sharpleyand Williams 1990)

LULC/Land management | Antecedent soil moisture
crop, grass, forest, Condition (AMC):
settl ement wet, average, dry

Hydrological Soil

SCS Runoff
Group (HSG): Curve
AB,CD Number

Source; SC%$992,2004 =

RAINWATER HARVESTING LINKING WATERSERD: HP LINIGER : Photos: HPLiniger



Key is the water balance at local level
andits impact at watershed level

. Tihe

Local: P=RO+ASW+AGwW+T+E Water Balance

Regional: Fo=Fi+RO+GW ’ ‘
. RO tE

Flow in Water Balance

without SLWM

: Flow in
rainy season

Flow out = Flood

with SLWM

. Loss
rainy season

along river

Flow out

Source: Hanspeter Liniger: Lecture note

RAINWATER HARVESTING LINKING WATERSEED: HP LINIGER



ExampleHaiti: runoff,
and groundwaterrecharge springflow, X

Total watershed runoff:

Percent runoff of rainfall for land use/ cover scenarios 0 , ]
% of rainfall:

3| A:18%

g 60 / —Current B:41%

Sl _ _——  —Swre

= I Vetiver

5 .//4;/ Agroforestry Total groundwater /
0 , : ' : : — Springshed

8 20 70 150 300 500
Rainfall events [mm]

recharge % of
rainfall:

. 0
Figure 6. Watershed runoff scenarios for Cormier, Haiti: the current A 19.3%

land use/ land cover, a poor (Sparse), and two improved management B: 7.5%
systems (Vetiver, Agroforestry) during different rainfall events'®

» a
Springdriesup
aftermonsoon

https:// www.wocat.net/en/projectsand-countries/projects/onsiteand-offsite-benefitssustainabledand-management Source: Eichenberger J., Liniger HP. 2 Photos: HPLiniger

SeeVideo and Policy Brie€aseStudy Haiti:

-
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Example India:
Dryingup springs in the Himalayas
Potential for WH and groundwatexcharge

e e e .| Key message

..... e Uttarakhand State

vvvvvv

e Of the estimated 3 million springs in the
Indian Himalayan Region (IHR), roughly
60% have dried up or become seasonal.

T
Waew

@ Dowrstream v tasirs
. Hindy Kissh reratayan region

villages depend on
spring wateré

T
woeN

Legend

B WATER
[ NON-FOREST
B scrus

[ OPEN FOREST
MOD-DENSE FOREST

Why drying up???

T
il a ]

é due to climate change

- VERY DENSE FOREST [0 25 0 50 Kilometer © Pithoragarh: case study site
|
= — —— — or land use change?

Source: Bandy 2020, Liniger et al. 202 4
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Example India: Changing Forests: Pine vs. Broadleaf, Gorang Valley

Banj Oak Soil:

Pine needle cover, §
compact, rocky
impermeable, no
root development,
organism/ microbe
deficit,
temp., €

SOC increased, high
water holding
capacity, visible root
development, habitat
for diverse species,
liveable temperature

Source: Bandy 2020, Liniger et al. 202
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Example India: Infiltration in Pine forests is dramatically reduced

Soil Inflltratlon |n O@ak Forest

.-V/I:l_e’althy tepson protected: from extreme temper __gre -
& : i

Water ,is»flps:t.‘as\ruﬁoff, 1 g Water/s goes down in the'ground,
; k Rhotos¥ H.P- Lmlger
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India: Runoff, Recharge ponds, groundwater / spring recharge

Figure 6. A recharge pond serves as a water harvesting technology,
collecting runoff water from a nearby pine forest. It serves as a point
of infiltration and groundwater recharge for their local spring.
(Photo: HP Liniger)

Spring Recharge Contribution, May - September 2018

Settlement/Infrastructure | 0.91
Degraded Pine NN 1.75
Pine with Grass 4.42
Cropland 5.08
Abandoned Cropland [ 5 g
Agroforestry I .14
Mixed Oak/Pine Forest I 7,27
Natural Forest I 7.0

0 2 4 6 8

Land Use Types

Litres of Spring Recharge (L/ha/min)

Water Balance: Runoff, Groundwater Recharge and Evapotranspiration {mm) from Total Rainfall (957mm)

Settlement/Intrastructure 337

Degraded Ping 370

Pine with Grass 407
i

2 Cropland a1s
e
]

=] Abandaned Cropland 418
=
£
5

Aaraforostry 418

Mixed Oak/Pine Forest 419

Groadleaf Forest 351

0% 20 A40% 15,9 B4 100%
Percent of Water Balance m Groundwaler Recharge [mim)
Lta {mm)

Figure 7. Water Balance: Rainwater divided into runoff, groundwater
recharge and evapotranspiration in mm for different land use types.
The calculation assumes a total rainfall of 957 mm (between May and
September 2018) using daily local rainfall records. (Source: Bandy and
Liniger 2020)".
Source: Bandy 2020, Liniger et al. 2020

SeeVideo and Policy Brie€aseStudyIndia:
https:// www.wocat.net/en/projectsand-countries/projects/onsiteand-offsite-benefitssustainabldandmanagement
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https://www.wocat.net/en/projects-and-countries/projects/onsite-and-offsite-benefits-sustainable-land-management

Experiences Haiti, India, Colombia, Central Asia, Kenya
Runoff/ Floods, WH, groundwater rech:

Watershed tool used for:
A Assessingurrent situation: Estimation of areas with highest
runoff, total outflowvolume
A Identifying areasfor local interventionsand
Exploringdifferent scenarios for:
A WHwith microcatchmentsor other SLMpractices and
their impacts downstream
A WHwith macrocatchments dependingon upstream
interventions and impacts downstream

Needed for:

A Watershedplanners, decision makers to bettenderstand,
negotiate, optimize upand downstreamnteraction.

A Implementers:For local communities / planners / decision
makers and water user associations: reduce conflicts, reduce
water loss, reduce flood flows and water demand for irrigation

A Link to WOCATBLM / WH documentation

RAINWATER HARVESTING LINKING WATERSEED: HP LINIGER

Onsite and Offsite Benefits of Sustainable Land Management

WOCAT SLM Watershed Tool

The Watershed Tool helps to categorize and map different land use/land
management types, calculate their runoff rates, and determine their
contribution to the total watershed runoff from daily rainfall events.

Source: Watershed Topl
https://www.wocat.net/en/projects-and
countries/projects/onsiteand-offsite-benefits
sustainabldandmanagement/wocasinm
watershedtool

Source WOCAT SLM Practices
https://gcat.wocat.net/en/wocat



https://www.wocat.net/en/projects-and-countries/projects/onsite-and-offsite-benefits-sustainable-land-management/wocat-slm-watershed-tool
https://qcat.wocat.net/en/wocat/

Link to documentation/assessment of SLM Practices ?

TECHNOLOGIES

Off-site i
downstream flooding (undesired)

APPROACHES

increased ¥ reduced

In the WOCAT SLM Databatige impacts of different

sustainable land management practices including WH are

assessed and documented:

AOnsiteimpacty 2y LINRPRdAzOGAZ2Y I NI

A Offsite impacts on floods, droughts, drying up of rivers a
aLINAYydJaz X

TECHNOLOGIES

Sourcehttps://gcat.wocat.net/en/wocat

RAINWATER HARVESTING LINKING WATERSEED: HP LINIGER

APPROACHES

Stone Check Walls and Check Dams for Soil
... [India]

Stone Check Dams/Walls, Retainment Walls, and a Water
Diversion Wall has been constructed in Nakina Village and
Nakina Community Forest to help protect their settlements,
agriculture land, forest land, and preserve the hilly
landscape. These structures serve to reduce the runoff
velocity (lowering the rate of erosion and gullying in ...

Compiler: Jaclyn Bandy 07/31/2019 2:53 p.m.

Naula Management and Conservation
[India]

Naulas are shallow, four-sided stepped wells designed to
collect water from subterranean seepages or springs and are
used to meet domestic water needs by the local
communities. Naula management and conservation
encompasses a range of activities that preserve their
structure and function.

Compiler: Jaclyn Bandy 07/27/2019 3:28 p.m.

=]

Progressive bench terraces formed by a vetiver
hedge ... [Haiti]

Progressive terracing technology is established through
successive deposits of sediments behind (upstream) any anti-
erosional structure, in this case contour strips of vetiver grass
(vetiveria zizanioides). To better stabilize the slopes in the long-
term, trees are planted downstream of the vetiver hedges.

Compiler: Joana Eichenberger 10/19/2017 2:29 p.m.
|

Local consultation to protect water resources
[Haiti]

Consultation for natural resource management involves
communities, authorities and other actors in collective

decision-making to protect water resources in particular,
and to institutionalize the management of these.

Compiler: Antoine Kocher 12/22/2016 9:46 p.m.
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https://qcat.wocat.net/en/wocat/

From problems to solutions: locally and in the watershed
A key challenge

| A Part |7 Identification:

Problems and possible solutions:

A Land management practices: «bad» and «good»
A Their spread and impact

& A Partlli Assessment:

A Document & evaluate existing solutions (WOCAT database)

SustamaT:Icehlr.‘ZIr:;‘l::r\:ngde::pr\rto(i::’lsl "_F'-':j P - A 3 : A Mapplng WaterShed, |and management & aSSGSS ImpaCt,
‘ i building scenarios

| A Part llli Selection:

A Select most promising SLM technologies and approaches
A Select, what, where and how large and asses the impact

i ductive & protective

10 min video made for Tajik TV:
https://www.wocat.net/library/media/136/

RAINWATER HARVESTING LINKING WATERSEED: HP LINIGER



https://www.wocat.net/library/media/136/

Onssite water balancériggersX
largeand divers offsite costs drenefits =
— b ! v

Local: P=ERO+ASW+AGW+T+E Water Balance
Regional: Fo=Fi+RO+ 7?7

___________
-----
- -

Flow in

-
-
-~ -
‘‘‘‘‘
————————
———————————

without SLWM

rainy season
Photo: H.P. Liniger

Source: H.P. Liniger

Fl t = Flood
Cover and land managemertf the ow out > Floo

topsoil are key for onsite (local) as well
offsite (watershed) management:

A Determining

X water harvesting potentiaj

X peak flowand thesediment load

5SSk Rf&é &dzNJ
temperatures of
unprotected soil

affecting water cycle

RAINWATER HARVESTING LINKING WATERSEED: HP LINIGER



Outlook: Water HarvestingExplorer

A decision suppoktebtoolfor small scale water storage intervention planning in the Western Sahel
available in EN anlER https://sahel.acaciadata.com/
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https://sahel.acaciadata.com/

SLM, WH, Watershed ApproachesnocAT SLM Database

Water user associations / groups (WUA / WUG)
Participatory Land Use Planning (PLUP)
Integrated watershed management (IWM)
Integrated watershed management (IWM)
Payment for Ecosystem Services (PES)

A Strengthen the link LocaMWatershed! Need for a tool!

A Multi-level, multi-stakeholder, multtage, multtcultural, X

A Capacity building: education (next generatioh students), Il &
extension, advisory service, planning and decision make SRS
Local and regional / watershed ’

| §

Water Harvestingg Guidelines to GoodPractice (E/F)https://www.wocat.net/library/media/25/

On- and offsite benefits of SLM:https:// www.wocat.net/en/projectsand-countries/projects/onsiteand-offsite-benefits
sustainabldand-management

land-management/wocaisimwatershedtool

WOCAT Watershetbol: https:// www.wocat.net/en/projectsand-countries/projects/onsiteand-offsite-benefitssustainable &

SCS. (1956, 1964, 1971, 1972, 1985, 1993, 2B@4ipnal Engineering Handbook Section 4: Hydrology, Chapféaghington, 3
DC: United StateBepartementof Agriculture. Soil Conservation Service.
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