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WEBINAR INFORMATION

▪ This webinar will be recorded and made available “on-

demand” on the IWA Connect Plus platform, with presentation

slides, and other information.

▪ The speakers are responsible for securing copyright

permissions for any work that they will present of which they are

not the legal copyright holder.

▪ The opinions, hypothesis, conclusions or recommendations

contained in the presentations and other materials are the sole

responsibility of the speaker(s) and do not necessarily reflect

IWA opinion.

https://www.iwaconnectplus.org/
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WEBINAR INFORMATION

▪ ‘Chat’ box: please 

use this for general 

requests and for 

interactive activities.

▪ ‘Q&A’ box: please use 

this to send questions 

to the panelists.

Please Note: Attendees’ microphones are muted. We cannot respond to ‘Raise Hand’.

(We will answer these during the 

discussions and in post-webinar 

materials.)
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AGENDA

▪ Introduction, housekeeping rules & 1st Poll (5 min)
Brooke Atwell

▪ Introduction to Nature based solutions (NBS) & accounting for their benefits (10 min)
Kari Vigerstol

▪ WaterProof conceptual presentation & 2nd Poll (30 min)
Carlos A. Rogéliz

▪ WaterProof live demonstration (30 min)
Carlos A. Rogéliz

▪ Q&A Discussion (12 min)
Moderator and speakers

▪ Final remarks and conclusion (3 min)                                                                      
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MODERATOR AND SPEAKERS

Carlos A. Rogéliz

Integrated Water Resource 

Management Program Leader, 

TNC Colombia 

Kari Vigerstol

Director of Water Security 

Science, TNC Global

Brooke Atwell

Associate Director, Resilient 

Watersheds, TNC Global

(Moderator)



Poll 1



Introduction to Nature based solutions 

(NBS) & accounting for their benefits

KARI VIGERSTOL, TNC GLOBAL
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NATURE-BASED SOLUTIONS (NBS)

Actions to protect, conserve, restore, sustainably use and manage natural

or modified terrestrial, freshwater, coastal and marine ecosystems, which

address social, economic and environmental challenges effectively and

adaptively, while simultaneously providing human well-being, ecosystem

services and resilience and biodiversity benefits. – UN Environmental

Assembly, 2022
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DISASTER RISK

Dry season 

flows

Groundwater 

recharge
Flood risk

Erosion & 

sediment

Nutrients & 

pollutants

Protection

1 Targeted habitat protection ✓ ✓ ✓✓ ✓✓ ✓

Restoration

2 Revegetation ✓ ✓ ✓✓ ✓✓ ✓

3 Riparian restoration ✓ ✓ ✓ ✓✓ ✓✓

4 Wetlands restoration ✓ ✓ ✓✓ ✓ ✓✓

5 Floodplain restoration ✓ ✓ ✓✓ ✓✓ ✓

Management

6 Agricultural BMPs ✓ ✓✓ ✓✓

7 Ranching BMPs ✓ ✓ ✓ ✓

8 Forestry BMPs ✓ ✓ ✓

9 Fire Management ✓✓ ✓✓ ✓

Created Habitats

10 Artificial wetlands ✓ ✓ ✓ ✓ ✓✓

11
Sustainable Urban Drainage Systems 

(SuDS)
✓✓ ✓ ✓✓ ✓ ✓✓

WATER SECURITY CHALLENGE WATER QUALITYWATER AVAILABILITY

Ecosystem benefit

Potential for 

multiple 

co-benefits

LEGEND LOW MEDIUM HIGH

Magnitude of water security benefit

Depth of evidence ✓ ✓✓

Potential for multiple co-benefits

WHICH WATER SECURITY CHALLENGES CAN NBS HELP WITH? 

How to Guide to Watershed 
Investments (TNC & AFD)

https://waterfundstoolbox.org/financing-nature-for-water-security
https://waterfundstoolbox.org/financing-nature-for-water-security


11

NATURE-BASED SOLUTIONS: SHIFTING THE WATER PARADIGM
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MULTIPLE BENEFITS FOR PEOPLE AND NATURE



Benefit Accounting of NBS for Watersheds

https://ceowatermandate.org/nbs/
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Nature-based solutions SCALE OF THE OPPORTUNITY

High opportunity cities with risk

All high opportunity cities

LEGEND

High opportunity watersheds

All source watersheds

4/5
LARGE CITIES

Can improve water quality 

through upstream forest 

protection, reforestation and 

improved agricultural practices.

1/6
LARGE CITIES

Can pay for natural solutions 

through savings in water 

treatment alone

Benefiting 

1.4 billion
PEOPLE



WaterProof conceptual presentation

PART 2



WaterProof: A web based system to provide rapid 

ROI calculation, and early indication of a preferred 

portfolio of nbs for watersheds in the world

CARLOS A. ROGÉLIZ, TNC COLOMBIA 





WaterProof is a high-level 
ROI assessment tool, 
designed to provide 
stakeholders interested in 
Nature-based Solutions 
with a pre-feasibility  / 
indicative assessment 
regarding NbS potential

WaterProof



The
challenge

Watersheds
Degradation

NbS ROI

19
Complexity and time required to demonstrate an NbS portfolio’s 

positive Return on Investment for water security outcomes



Fast
Compelling

Customizable
Multi-Currency

Free



NbS
Porfolio

WaterProof - Concept

1 2 3 4
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Peer-Reviewed







WATERPROOF
FULLY DOCUMENTED AND 

TRANSPARENT



WaterProof 
Fully Documented and 

Transparent



WaterProof 
Fully Documented and 

Transparent



WaterProof 
Fully Documented and 

Transparent



WaterProof 
Fully Documented and 

Transparent



MODELING IN RIOS AND INVEST



RiOS is a software tool for prioritization that allows for identification of sites where certain 
activities can produce the greatest benefits for people and nature at the lowest cost. 

What is RiOS?
Modeling in RIOS 

& INVEST



In general, RIOS operates under a distributed scheme, with its basic operating unit being a pixel.
Operationally, RIOS is divided into two parts.

Land Use/ Land Cover
Generic formulation (with user-defined factor weights)

• 𝑋𝑖 Value of parameter X for the new (scenario 1) land cover 

• 𝑋𝑜𝑙𝑑 Value of parameter X for the original (baseline) land cover 

• 𝑋𝑟𝑒𝑓 Value of parameter X for the reference land cover 

• 𝑃 Proportional transition (user specified) 

Source: Vogl et al. (2016)

                                                

      

       

                  

                  

         

                   

                     

     
 

                   

                     

 
 

How does RiOS operate?
Modeling in RIOS 

& INVEST



InVEST (Integrated Valuation of Ecosystem
Services and Tradeoffs) is a family of tools for
quantifying the values of natural capital in clear,
credible, and practical ways. InVEST enables
decision-makers to quantify the importance of
natural capital, to assess the tradeoffs
associated with alternative choices

What is InVEST?

Currently, WaterProof integrates the following InVEST
models to evaluate the benefits of nature-based 
solutions (NbS):
• AWY - Annual Water Yield
• SWY - Seasonal Water Yield
• SDR - Sediment Delivery Ratio
• NDR - Nutrient Delivery Ratio
• CSS - Carbon Storage and Sequestration

Which InVEST tools does 
WaterProof use?

             

                 

     

                 

                

    

                  

       

                  

       

        

         

          

        

        

                    

                  

                             

          

            

          

        

          

 
  
 
 

 
 
 
 
 
 
 

         

             

            

              
  

        

         

            

              

              
  

      

 

Modeling in RIOS 
& INVEST

http://releases.naturalcapitalproject.org/invest-userguide/latest/annual_water_yield.html
http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal_water_yield.html
http://releases.naturalcapitalproject.org/invest-userguide/latest/sdr.html
http://releases.naturalcapitalproject.org/invest-userguide/latest/ndr.html
http://releases.naturalcapitalproject.org/invest-userguide/latest/carbonstorage.html


   

Inputs Outputs
Raster

Shapefile

Text

DEM

Basin

Biophysical 
Parameters

Proceses
Mathematical 

equation

Spatial Analysis

Raster

Shapefile

Text

Carbon Storage 

Sediment 
Delivery Ratio

Annual Water 
Yield

   

How do InVEST
models operate?

Modeling in RIOS 
& INVEST



Modeling in RIOS 
& INVEST

INPUT 
DATABASES



Modeling in RIOS 
& INVEST

INPUT 
DATABASES



Modeling in RIOS 
& INVEST

OUTPUT 
DATABASES



BIOPHYSICAL AND PARAMETER TABLES

Modeling in RIOS 
& INVEST 56

MACRO-
REGIONS OF THE 

WORLD
(HYDROSHEDS LEVEL 2)

BIOPHYSICAL TABLES 

PARAMETER TABLES



Modeling in RIOS 
& INVEST

SENSITIVITY ANALYSIS AND PARAMETRIC COHERENCE FOR INVEST MODELS



Modeling in RIOS 
& INVEST

SENSITIVITY ANALYSIS AND PARAMETRIC COHERENCE FOR INVEST MODELS



EXPLORING MODEL PARAMETERS
Latin Hypercube Sampling

HYDROSHEDS LEVEL 2

56 Macro-Regions

Modeling in RIOS 
& INVEST

56 Macro-Regions

SENSITIVITY ANALYSIS AND PARAMETRIC COHERENCE FOR INVEST MODELS



Annual Water Yield

Modeling in RIOS 
& INVEST

SENSITIVITY ANALYSIS AND PARAMETRIC COHERENCE FOR INVEST MODELS



DRINKING WATER SYSTEMS



Drinking water 
systems

WATER INTAKE AND PRE-TREATMENT INFRASTRUCTURE TYPIFICATION

1. Reservoir (E)
2. Raw Water Pondage (RAC)
3. Pumping (B)
4. Water Intake (BO)

4.1. Bottom Intake
4.2. Lateral Intake
4.3. Floating Intake

5. Desander (D)
6. Break Pressure Chamber(CQ)
7. Pipeline (T)
8. Channel (C)
9. River (R)
10. Connection (CX)
11. Connection with extraction (CEXT)
12. Case Study Infrastructure (CSINFRA)
13. External Input (EXTInput)

Drinking water systems
characterization



Drinking water 
systems

CLASSIFICATION 
OF WATER 

QUALITY IN THE 
RIVER

NORMATIVE CLASSIFICATION 
OF DRINKING WATER 

QUALITY BY COUNTRY
DRINKING WATER 

TREATMENT PLANTS 
TYPIFICATION

DRINKING WATER TREATMENT PLANTS TYPIFICATION

Drinking water systems
characterization



DRINKING WATER TREATMENT PLANTS TYPIFICATION

CLASSIFICATION OF 
WATER QUALITY IN 
THE RIVER

Drinking water 
systems

Water quality levels Good Regular Deficient Very Deficient

Csed_R (mg/L) < 4,4 (4,4 - 56) (56 - 203) > 203

CN_R (mg/L) < 10 (10 - 20) (20 - 30) > 30

CP_R (mg/L) < 0,2 (0.2 - 1) (1 - 4) > 4

Category A B C D

Drinking water systems
characterization



NORMATIVE 
CLASSIFICATION OF 
DRINKING WATER QUALITY 
BY COUNTRY

Drinking water 
systems

DRINKING WATER TREATMENT PLANTS TYPIFICATION

Drinking water quality: normative classification

High  (1) Normal (2) Low (3) Very Low (4)

SST < = 2.65 mg/L SST < = 2.65 - 5.6 mg/L SST < = 5.6 - 17 mg/L SST < = 17 mg/L

N < = 5 mg/L N < = 5 - 11 mg/L N < = 11 - 20 mg/L N < = 20 mg/L

Categor
y 1 2 3 4

Drinking water systems
characterization



DRINKING WATER TREATMENT PLANTS TYPIFICATION

Calidad del agua potable: clasificación normativa

Calidad de la 
fuente 1 2 3 4

A Planta E Planta F Planta G Planta G

B Planta E Planta D Planta F Planta F

C Planta B Planta C Planta D Planta D

D Planta A Planta A Planta C Planta D

Drinking water 
systems

Drinking water systems
characterization



DRINKING WATER TREATMENT PLANTS TYPIFICATION

Generic Treatment Train

Drinking water 
systems

Drinking water systems
characterization



Drinking water 
systems

DRINKING WATER TREATMENT PLANTS TYPIFICATION

Plant A Plant B

Plant C Plant D

Progress in drinking water
systems characterization



DRINKING WATER TREATMENT PLANTS TYPIFICATION

Plant E Plant F

Plant G

Drinking water 
systems

Drinking water systems
characterization



COST FUNCTIONS



Cost
functions

MATHEMATICAL EXPRESSIONS OF TYPE

𝑂&𝑀

= 1.202 ∗ 101.828 log 86.4∗𝑄 0.598}+1.876 ∗ 1 + 0.24 ∗
𝑆1 − 56

56
+ 0.06 ∗

𝑁1 − 20

20

CAN BE A FUNCTION OF:

• Flow
• Sediment concentration
• Nitrogen concentration
• Phosphorus concentration
• Sediment Load
• Nitrogen Load
• Phosphorus Load
• Retained Sediment Load
• Retained Nitrogen Load
• Retained Phosphorus Load

EACH STRUCTURE TRANSPORTS A 
PARTICULAR FLOW RATE AND RETAINS A 
SPECIFIC AMOUNT OF SEDIMENTS, 
NITROGEN OR PHOSPHORUS !!!!



Cost
functions



Cost
functions



Version 1.0
https://water-proof.org/



Neal Creative ©

THANK YOU

http://www.nealanalytics.com/neal-creative/templates/


Poll 2



WaterProof live demonstration

PART 3



Q&A

MODERATOR: BROOKE ATWELL
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UPCOMING LEARNING OPPORTUNITIES

Learn more about future online events at

http://www.iwa-network.org/iwa-learn/

http://www.iwa-network.org/iwa-learn/
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WATERPROOF VIRTUAL COURSE - RAPID RETURN ON 

INVESTMENT OF NATURE-BASED SOLUTIONS FOR WATER

SECURITY

▪ The objective of this

course is to encourage

the use of WaterProof,

an application

specifically designed

for project managers to

efficiently obtain an

indicative and rapid

Nature-Based

Solutions (NbS)

investment portfolio,

along with the

associated ROI.

Duration: Three weeks (June 15-July 6)

The participant must allocate at least 2 hours per week for 
the development of the activities

Target audience:

Professionals and technicians responsible for designing 
projects to improve water availability and management, 
who are interested in analyzing return on investment in 
the implementation of NbS.

Tutors:
3 tutors will provide support and guidance to 
participants through the available communication tools, 
with 1-on-1 sessions available July 4-6..
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WATERPROOF VIRTUAL COURSE - RAPID RETURN ON 

INVESTMENT OF NATURE-BASED SOLUTIONS FOR WATER

SECURITY



Version 1.0
https://water-proof.org/

1. General concepts of NbS and their importance in water 
security

2. Mathematical modeling overview
• InVest
• Integrated Valuation of Ecosystem Services and 

Tradeoffs – InVEST

3. Costs related to the implementation of NbS.

4. WaterProof features

Contents

Each module is supported by 
explanatory videos in English and 
supplementary bibliography. 

You will be evaluated through quizzes 
and a practical exercise on WaterProof.

mailto:waterproof@tnc.org
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JOIN OUR NETWORK OF WATER PROFESSIONALS!

inspiring change

IWA brings professionals from many disciplines together to accelerate the science, 
innovation and practice that can make a difference in addressing water challenges.          

Use code WEB23RECRUIT
for a 20% discount off 
new membership. 

Join before 31 December 2023 at:

www.iwa-connect.org 

https://iwa-connect.org/subscribe/explore-subscriptions
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THANK YOU!

Kari Vigerstol, kvigerstol@tnc.org
Carlos Rogéliz, carlos.rogeliz@tnc.org
Brooke Atwell, brooke.atwell@tnc.org

mailto:kvigerstol@tnc.org
mailto:carlos.rogeliz@tnc.org
mailto:brooke.atwell@tnc.org
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