Flood and Drought Management Tools Project

Guideline for
Interpreting Climate
Information for Application in

Water Safety Planning

Data and information tool gives access g Water safety planning tool provides an online
to/provides global satellite data including / &> X framework for supporting development,
current and forecasted climate information such | B s | documentation and monitoring of a WSP.
as rainfall, temperature and evapotranspiration. N/




& UN@ _ = 1WA

gef environl;ent Water association
Contents
T o) Vol e T Y 3 PSP vi
Lo INEFOAUCHION ...ttt et e st e e st e s bt e e s aee e s be e e sabeesabeesneeesaneeesaneenas 1
P - T Vol 4= { o ¥ I« [ U SURNE 1
3. (S eTeTe 1o Yo D foTUT=d 11 f 2T o -] U 2
4, GUIAEIINE PUIPOSE..........oiiiiiiiie ettt e e e e st e e e s et e e e et e e e e ssabeeeeesabeeesesnseeesennsees 3
5. Identifying Hazards Associated with Wet and Dry Conditions ................ccccceeiviiiiieeec e, 4
6. Getting Started with the Flood and Drought Portal .................ccccoooeiiiiiiiie e 6
6.1 YIS =T T ol I T TS 6
6.2 DAta REVIBW ...ttt sttt e s e e st e st esbe e e sar e e sb et s neeesareeennreenas 7
7.  Overview of Selected Datasets............ccoouiiiiiiiiiiiniie et 17
8. Step-by-step Guidance on How to Determine the Risk of Wetter or Drier Conditions ............... 19
8.1 Short-Term Climate ANAlYSIS ............ooocuiiiiiiiiie e e et e e e et e e e e e aee e e s erraeeeeans 19
8.1.1 Steps for analysing short-term rainfall data....................c.ooooi i, 20
8.1.2 Steps for analysing short-term temperature data...............ccooeeeiiiiiiciiiieeee e, 26
8.1.3 Determining short-term climate change related risks .............cccccccovviiiiiiiiiiniieecie, 29
8.14 SCENANIO L.t 30
8.2 Long-term Climate ANAlYSiS...........coouiiiiiiiiiieeee ettt et e e e e e e abe e e e e abe e e e eabeee e eares 36
8.2.1 Steps for analysing long-term rainfall data..................cccco i, 37
8.2.2 Plotting graphs for projected rainfall................ccooiriiii i 43
8.2.3 Steps for analysing long-term temperature data.............ccccoeeiiviii e, 47
8.24 Plotting graphs for projected temperature ...............cccooeciiei e 53
8.2.6 SCONANIO 2.ttt ettt s e bt e e s b e e st e e n e e e s b et e sar e s b et e re e e sreeennneas 58
9.  Water Safety PIANNING ...........cooouiiiiiiie ettt e e e et a e e e e ata e e e e eatb e e e e nnbeeeeannaaeaas 65
9.1 Module 1: Assembling the WSP team...........cccuviiiiiiiiiiiiec et 66
9.1.1 Assembling the WSP teaminthe Portal ..............ccccoo i 66
9.2 Module 2 — Water SUPPIY SYStEM ... e e e s e e e e e e e e e e eanees 67
9.2.1 Water Supply System inthe Portal ...............cooooiii e 68
9.3 Module 3 — Hazards and RiSKS............ccoiiiiiiiiiie e e s 71
9.3.1 Hazards and Risks inthe Portal ...............ccocoiiiiiiniieee e 71
9.4  Module 4 — Control IMEASUIES...........c.cceriiiiiiiiieiierie ettt sttt et e st sae e st s s n e reesnees 74
9.4.1 Control Measures in the Portal ...............coooiiiiiiiiiie e 74
9.4.2 Hazards and hazardous events and their control measures in the risk matrix ................ 75
9.5 Module 5 = IMProvemMent PIan..............cooiiiiiiiiiiicceee et s s ee e e aee e s ra e e e e arae e s e arns 79
9.5.1 Improvement Planinthe Portal...............ccoooriiii e 79



& UN@ _ = 1WA

gef environment Water association
9.6 Module 6 — Monitoring of cONtrol MEASUIES..............cooviiiiiiiiiiiic e 80
9.6.1 Monitoring control measures in the portal ..............cccccooviiiiiiiiii 80
9.7 Module 7 — Verification of the WSP ..ot 83
9.7.1 Verification of the WSP inthe Portal ................cocooiiiiiiniii e, 83
9.8 Module 8 = Management ProCeUrES.................coooiuiiiiiiiiiiieecieee et e escree e e ire e e e sbae e e e sraee e e nares 85
9.8.1 Management Procedures in the Portal.............c..ccooviiiiiiiiii e 86
9.9 Module 9 — SUPPOrting Programmes ...........cooccuviiiiiiiiiiiiiieeeesite e esree e sree e s sree e s sabee e s ssabeeessnres 87
9.9.1 Supporting Programmes inthe Portal ................ccooei i 87
9.10 Module 10 - Periodic Review of the WSP in the Portal ...............cociniiiiiniineneeeeeeee, 88
9.10.1 Periodic Review of the WSP in the Portal .............cccccooiiiiiiiiiiieeeee, 88
9.11 Module 11 — Revision After an INCIdeNnt..............cccooiiiiiiiiiiii e 91
9.11.1  Revision after an incidentinthe Portal ................cccoooiiiiiiii e, 91
10. ConclUdING REMANKS .......oooeeriiieeee ettt e et e e e e et e e e e e bte e e e sateeeesntaaeesans 92
LiSt OF REFEIENCES ...ttt ettt e s bt e s bt e st st e st e e b e e sbeesbeesaeesaneenreens 93
Appendix A: List of Possible Hazards and Hazardous Events...............cccccooeeiiiieee e, 94
Appendix B: List of Possible CONtrol IMEASUIES ..............cooviuiiiiiiiiiiieiiiiee et e e e s bee e e 96



gef environment Water assueiation
List of Figures
(S T=q0 ] I R I T4 1 T Yol 1= T= o DO PP OO PPPTPROPPR 7
Figure 2: Utility registration fOrM. ... ..o i are e e e e abae e e et e e e s e aaaee e enrees 7
Figure 3: Basic functionality of the Flood and Drought Portal...........cccocvieeiiiiiii e 8
Figure 4: Data and information application with no datasets added ........ccccocoeiriviiiiiiiiiiee e 8
Figure 5: FAVOUrite data didlog......ccviei ittt ettt e e e e et ee e s e earae e e esabaeeeennees 12
Figure 6: Overview of data functionality and Rainfall distribution for the Volta Basin .........cccccceevveeennee. 13
Figure 7: The graph at the top indicates the rainfall for the entire TRMM, while the graph at the bottom
iNdicates @ ZOOME IN SECHION ...uiiiiii ettt e s te e e bte e sabeeesateesabeesaeeesbeeenseeas 14
Figure 8: Monthly time series graph with averages/ means displayed in red. .......ccccccevveveeveeniesieenenn, 15
Figure 9: Monthly averages/means in tabular format. ........ccoceeiiiiiiiicccee e 15
Figure 10: Data and map View in the POrtal ... e 16
Figure 11: List of spatial scales that data can be viewed at within the Portal. .........cccoceeiiiiieiiiiiene, 17
Figure 12: Rainfall (TRMM) 1able data .......cooouiiiiiee ettt e e e 20
Figure 13: Data appearing in ONE COIUMN ...ttt etee e e e e e e e sabee e s sabaeeeenrees 21
Figure 14: Data separated into individual COIUMNS..........eeiiiiiiiiice e 22
Figure 15: Table displaying short-term data .........ccceeieiiie et 23
Figure 16: Final table with all calculations for rainfall..........ccccceeiiiiiii i 23
Figure 17: An example of a rainfall deviation in raster format...........ccccoceiieeiii e 25
Figure 18: Temperature data in tabular fOrmat........cooociei i 26
Figure 19: Table with short-term temperature data........cccoeecieiiieiie e 27
Figure 20: Final table with all calculations for teMPEerature .......ccceeeeccie e 28
Figure 21: An example of a temperature deviation in raster format........ccccococieiiiiiiicci e, 29
Figure 22: The effects increased flows had on drinking water quality (Photo courtesy: MWAUWASA water
011 1Y) PO R UURRPN 30
Figure 23:Rainfall (CRU) dataset in table fOrmat .......ccccueeecieiiiee e 37
Figure 24: Rainfall CRU data appearing in 0Nne COIUMN ........ccuiiiiiiiiie ettt 38
Figure 25: Rainfall CRU data separated into individual columns ...........ccceiieiiiicciiee e 39
Figure 26: Precip. RCP45 time series data......ccciiiciiie ittt e e e e vee e s e avae e e 39
Figure 27: Transposed RCP45 data. Note that dates and members have switched positions after applying
R[S =Y o T Y= {0 g Yo o Y o I USSP 40
Figure 28: Expanded table wherein long-term data will be processed.........cccccveeviieiiiicieieccciee e 41
Figure 29: The Equation as it should be entered when performing calculations to determine projected
(ol a T [0 T= LTSS 42
Figure 30: Table with climate ProjECtioNS ......cvi i e e e e e e e e enrrre e e e e e e e e e annes 42
Figure 31: Projected data with monthly projected averages........ccoeveeecieeiiciiee e 43
Figure 32: Table with percentiles and Median ..........cooociiiiieiie e e e 44
Figure 33: Graph indicating the percentiles and the median........ccccoooeciiieei e 44
Figure 34: Graph indicating the long-term averages versus the monthly projected averages................... 45
Figure 35: Delta change table with percent of normal calculated...........cccooeiiieeiiiiicciee e, 46
Figure 36: Final table for long-term rainfall analysis.........cccooouiiieciiii i 47
Figure 37: Temperature (CRU) dataset in tabular format........c.ccccveeiieieciei i 47
Figure 38: Temperature (CRU) data appearing in one ColumN .........cccoocieiiieiiieecciiee et 48
Figure 39: Temperature (CRU) data separated into individual columns...........ccccveevieiiiieicieecee e 49
Figure 40: Transposed RCP45 data. Note that dates and members have switched positions after applying
the tranSPOSE FUNCLION c.....eeeeeeeee e e e e e e e e e et e e e e e e e e e s anbraaeeeaeeeesnnrraaees 50
Figure 41: Expanded table wherein long-term data will be processed..........cccceeeiieeieccieeeccciee e 51


file:///C:/Users/Student/Desktop/IWA/Guidance%20document%20with%20reviewer%20comments/Linking%20Climate%20Data%20to%20WSP%20-%20DRAFT%20Guideline%20amended%20with%20Reviewer%20comments%20v04.07.docx%23_Toc530562880
file:///C:/Users/Student/Desktop/IWA/Guidance%20document%20with%20reviewer%20comments/Linking%20Climate%20Data%20to%20WSP%20-%20DRAFT%20Guideline%20amended%20with%20Reviewer%20comments%20v04.07.docx%23_Toc530562886
file:///C:/Users/Student/Desktop/IWA/Guidance%20document%20with%20reviewer%20comments/Linking%20Climate%20Data%20to%20WSP%20-%20DRAFT%20Guideline%20amended%20with%20Reviewer%20comments%20v04.07.docx%23_Toc530562890

& UN@ _ 5 WA
gef environment Water assueiation

Figure 42: The Equation as it should be entered when performing calculations to determine projected
(o] a1 0T~ 52
Figure 43: Table with climate ProjJECtioNS ........eii i e e e e bre e e e ae e e enees 52
Figure 44: Projected data with monthly projected averages.......occveeiecieiiieciei e 53
Figure 45: Table with percentiles and Median ..........cooociiiiiciie e 54
Figure 46: Graph indicating the percentiles and median.........cccoociiiiicii e 54
Figure 47: Long-term monthly averages vs Projected monthly averages........ccccocvevivvceiiiccencceciec e, 55
Figure 48: Delta change table with temperature deviations calculated...........cccoocvveiiiieiicciee e, 56
Figure 49: Final table for long-term temperature analysis ......ccccoecveeiiiiiee i 57
Figure 50: The effects increased flows had on the water quality and infrastructure. Large material such as
boulders may cause damage to the infrastructure as seen in the above image (circled in red). ............... 58
Figure 51: Flood and Drought Portal hOme Page ......ccoeeuieiiieiiee et 65
Figure 52: Water Safety Planning application assembling the team .........cccccoeieeiiie e, 66
Figure 53: pop-up to be completed when adding WSP team members........cccceeecvieeeeciieeeccciee e 67
Figure 54: Water Safety Planning application Water supply system, adding different process steps ....... 68
Figure 55: The different component types available for each "Area" in the water system ....................... 69
Figure 56: Adding different components to the water supply system. The coordinates are added by
finding the component location on the map and clicking on it. .......cooociiiiicciiie e, 69
Figure 57: Water Safety Planning application Water supply system, adding different connections.......... 70
Figure 58: Different process steps and the connections between each process step......ccceevvevevvvveeennnen. 70
Figure 59: Water safety Planning application Hazards and RisKs..........ccoceeieeiiiiiecciiee et 71
Figure 60: Adding hazards and risks in the POrtal .........cccceiiiiei i 72
= U N N B O U =T o | T = [ o= PRSP 73
Figure 62: Future climate change risk Fating.........ccoeeieiiiie et e e e e e neeas 73
Figure 63: Water safety planning application Control Measures..........ccceeeeecieeecciiee e 75
Figure 64: Control measure already iN PlaCe.......coccuueeiicciie e re e et e e e earee e e 75
Figure 65: Water safety planning application Improvement plan .........ccccoeecieeieciieecccciee e 79
Figure 66: Improvement pPlan dialog .....cc.veiiiiiiiiiiee e e 79
Figure 67: Monitoring control measures application..........ccccueiieeiiii i 80
Figure 68: Eiting CONtIOl MEASUIES.....c.viiii ittt e e ee e e e eabee e e e sabe e e s esabae e e enaraeeeennnees 81
Figure 69: Four activities for verifying the effectiveness of the WSP ........ccocoviiiiiiii i 83
Figure 70: Upload documents for compliance monitoring. ........coccveieeeiiieicciiee et 84
Figure 71: Auditing allows the user to upload their internal or external audits. A template is also
AV Y11 o] F= {o T alte [o XYY o1 o o FSN S 84
Figure 72: Management procedures in the POrtal ...t 86
Figure 73: Supporting programmes in the Portal.........ccoei oo e 87
Figure 74: Periodic review of the WSP in the Portal ...t 89
Figure 75: Revising the WSP after an incident in the Portal ........ccccceeeivieiiicic e 91



gef Er{iru'nm'er"lt Dﬁ M

List of Tables

Table 1: list of hazards and hazardoUs BVENTS........c.uuiiieciiiiice e s ree e e 5
Table 2: Categorised hazards and hazardous BVENTS .........eeeeciiiii i e e e e 6
LI o] TSR B NI o e - - 1Y =Y PRSPPI 9
Table 4: List of selected datasets for short or long-term climate analysis........ccccccoeeeeeiieiieccee e, 17
Table 5: List of datasets for short-term climate analysis .......cccceeeeieiiicciee e 19
Table 6: Range of dry and wet spells expressed as a percentage (%) (Table adapted from Awange et al.,
P00 7 T PSPPSRI 24
Table 7: Range of deviations in teMPerature (*C) ......cocueeicieieiiie e ecee e eee e e esee e ste e seeeesateeeraeesareeens 28
Table 8: CUrreNT RISK IMATIiX . .cuveiiiieiiiieiieesite et esite ettt e st ste e et e e s be e e sbaeessteesbeesssbeesbeeensteesnsaeesaseenns 31
Table 9: Likelihood for rainfall and tEMPEratuUre .........cccuviieeciie e e e 33
Table 10: Determining the overall change factor for likelihood ...........cccceiieiiiiiciii e, 33
Table 11: Severity for rainfall and tEMPEratUIE........ccoiiviii e e e 34
Table 12: Determining the overall change factor for seVerity .......cocccvvveei e 34
Table 13: Adding change factors to current likelihood and severity........ccccceeeeeeeicciiiiieeee e, 35
I Lo T R N L A T S = 4 [T~ TSP 35
Table 15: List of datasets for long-term climate analySiS.......cccceeeiiiiiiiciie i 36
Table 16: CUITENt RiSK IMAtIX . ..eiicueeeiieesiieeeiieeeieesstte st e st e e steesteeesaeeesbeesssaeessseeesseesssseesnseeenssessnseeesssensns 59
Table 17: LIKeliIhood Change faCtor ......ccueiii ittt e e e e e e e e e e e e ree e e e nnes 61
Table 18: Determining the overall change factor for likelihood ...........cccceiieiiiiicii e, 61
Table 19: Severity Change faCtor ... ...t e e e bee e e e be e e e e abee e e e abeeaeenanees 62
Table 20: Determining the overall change factor for SeVerity .......cccccoveceiiiccie e 62
Table 21: adding change factors to current likelihood and severity........ccccoecveiiiciiei e, 63
Table 22: Risk Matrix considering climate ChanGe ........ccueeeeciiii e e 63
Table 23: Hazards and hazardous events before climate change consideration..........ccccceeecieiiiccieeecnee, 76
Table 24: Hazards and hazardous events after climate change consideration...........ccccoceeeecieeeeccieeeenee. 77



T,

& UN® 5 WA

gef environment o
List of Acronyms

CO; — Carbon Dioxide

CRU - Climatic Research Unit

GCM - General Circulation Model

GEF - Global Environment Facility

GIS — Geographical Information System

GPM - Global Precipitation Measurement

IW — International Waters

IWA — International Water Association

IWRM - Integrated Water Resources Management
RCP — Representative Concentration Pathways
SDG — Sustainable Development Goal

SOP - Standard Operating Procedures

TRMM - Tropical Rains Measuring Mission

UN - United Nations

WHO — World Health Organization

WQA — Water Quality Assurance

WSP — Water Safety Plan



(S,

& UN® <

gef environment i rmosteny

1. Introduction

This serves as a guidance document to assist water utilities to analyse climate related data and incorporate
those findings into their water safety planning processes. Methods of analysis include frequency analysis
and simple averaging to determine if the physical condition within the water utility is wetter or drier. The
analysis is not intended to be too intensive or complex, so as to encourage water utilities to use the Flood
and Drought Portal and the methods of analysis presented within this guidance document. The Portal
provides water utilities with access to an array of tools (e.g. Data and Information, Drought Assessment,
Flood Assessment, Water Safety Planning) to assist with decision-making. The aim is to identify the changes
in likelihood and severity of the hazards and hazardous events associated with floods and droughts, and
subsequently mitigate these. Detailed instructions have been provided within this guidance document to
facilitate conclusions which can be used within water safety planning processes. This will help utilities to
review and amend current risks by considering the impacts of climate change, and subsequently prioritize
these risks. Incorporating the new risk ratings in the water safety plan is discussed in detail within this
guidance document. Subsequently, if identified actions are implemented, the water utility will be more

resilient to climate change impacts, including that associated with floods and droughts.

2. Background

Climate change is an atmospheric phenomenon that can either be the result of natural causes or, as
observed over the last few decades, induced by human activities that increase atmospheric carbon dioxide
(CO2) and other greenhouse gases (Narimisa and Narimisa, 2018). The United Nations Framework
Convention on Climate Change (1992) defines climate change as “change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global atmosphere and which is
in addition to natural climate variability observed over comparable time periods”. The most notable effect
of the change in atmospheric composition is global warming due to increases in CO; and other greenhouse
gases. Carbon dioxide acts as a blanket over the atmosphere of the Earth, trapping heat and increasing

surface temperatures (Ramanathan and Feng, 2009).

Temperature affects weather conditions; therefore, an increase in surface temperatures will cause
changes in climate. Evidence of the effects of climate change include glacier retreat (Kaser et. al, 2003),
changes in streamflow records (Leith and Whitfield, 1998), increased frequency of flooding and prolonged
droughts (Spence et al. 2011; Rankoana, 2018). Even though climate change is a global phenomenon, the
impact to regions will vary spatially and temporally. It is expected that wet regions will get wetter, whereas

dry regions will get drier (WHO, 2017).
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The changes that occur in meteorological variables is one of the more profound impacts of climate change
(including, for example, the changes seen in precipitation frequency, event extent and intensity). These
changes in precipitation frequency and intensity occur as a result of increased surface temperatures which
increase the vapour holding capacity of the atmosphere (WHO, 2017). Therefore, more water can be
evaporated due to the increased holding capacity of the atmosphere. This results in changes in
precipitation frequency, event extent such as rainfall or snowmelt, and intensity which may affect the
water storage of an area. High rainfall intensities or rapid snowmelt may lead to flooding, consequently if

rainfall or snowmelt becomes infrequent, this may lead to the occurrence of droughts.

Climate change can have a major impact on water utilities, and as a result some water utilities may not be
ready for the changes in occurrence of floods and droughts. Floods and droughts affect the ability of water
utilities to both supply water and maintain the appropriate water quality. It is therefore necessary for
water utilities to be prepared for floods and droughts, by anticipating and predicting the changes in
likelihood and severity of hazards and hazardous events and incorporating these findings into their

planning and amending daily operations.

Many organizations have developed climate change, flood and/or drought related tools. These tools are
generally aimed at assessing the impact of climate change and the risk of floods, droughts and other
events, while also indicating which areas are prone to disasters at a global, country, local or water utility
scale. These scales of assessment vary between climate models. Climate tools use various sources of data
such as environmental, climate projections, disaster risk, socio-economic and historical datasets. These
tools aim to educate various stakeholders (such as policy makers, researchers, water utilities and the
media) about climate change and an improved understanding of vulnerabilities, adaptation needs and
climate readiness, thereby informing decision making and aiding utility resilience. There is a large focus
within climate change models on assessing the impacts of climate change on both water quality and
guantity. The outputs may be displayed on maps, charts or in tables. Climate tools also exist in various
platforms including web-based, spreadsheet-based models, or various software such as MIKE from DHI

and others.

3. Flood and Drought Portal

A number of land and water managers have recognised the impacts of climate change, the changes in the
predictability of floods and droughts, and the need to develop climate resilience and adaptation within
river basins and water management plans. In order to address this, the Flood and Drought Portal was
developed through the Flood and Drought Management Tools project by the Global Environment Facility
(GEF), International Waters (IW) and implemented by UN Environment (together with the International

Water Association (IWA) and DHI as the executing agencies).
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The Portalprovides water utilities with access to a “methodology with tools to facilitate the inclusion of
information on floods and droughts, and future scenarios into Integrated Water Resources Management
(IWRM) planning, and Water Safety Planning (WSP). The approaches are used to support planning from
the transboundary basin to water utility level” (Flood and Drought Management Tools, 2018). The Flood
and Drought Portal is expected to be used globally, and was piloted in three basins, namely Lake Victoria
Basin (East Africa), Volta Basin (West Africa) and the Chao Phraya Basin (Thailand). These basins were
selected as they are prone to both floods and droughts, have varied levels of technical capacity, and

different approaches to decision making.

The Flood and Drought Portal is a freely available web-portal source with a number of applications. The
Portal uses a variety of data types and sources which are accessible through the data and information
application. The types of data include different climate variables, climate forecast data, climate change
data, and drought related indices and flood related data. The Portal provides water utilities with a platform
to access different types of data that are spatially and temporally distributed. Datasets are updated in near
real time (from 48 hours) and can be downloaded, so that users have the option of analysing the data using
their own techniques and tools. This will assist decision makers and planners to both improve flood and
drought related planning and readiness, and to assist with the recovery following such events. According
to the Global Status Report on Water Safety plans (2017), there is need for an increased attention to water
supply system management that focuses on improved and safe supplies. As a result, policy and planning
has to take into account “monitoring data showing unsafe drinking-water” (Global Status Report on Water
Safety plans, 2017). Water safety planning is therefore a useful tool for policy-makers and practitioners.
Water Safety Planning is seen as a tool for implementation of Sustainable Development Goal 6 (SDG 6).
Sustainable Development Goal 6, seeks to ensure the availability and sustainable management of water
and sanitation for all. The Flood and Drought Portal assists in improving water safety plans which will

ultimately assist countries to report on SDG 6.

4. Guideline Purpose

The purpose of this guideline is to provide water utilities with a simple methodology that they can use to
access and use datasets, and incorporate findings from these datasets into their water safety planning
activities. The availability of near real-time data, allows water utilities to do baseline assessments which

can facilitate impact assessments and planning.
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The benefits of using flood and drought data include:

e Early detection especially in the case of droughts where the onset is not always clear

e Planning for disasters, early awareness and response time

e Protection of water infrastructure

e Improved risk management (hazard identification, prevention and mitigation of risks
associated with floods and droughts)

e Early warning to specific areas that may be affected by a disaster, requisite incident
management protocol activated

5. Identifying Hazards Associated with Wet and Dry Conditions

An Important step for using this guidance document, is a review of the hazards and hazardous events as
identified in the water utility’s current WSP. This is required as the methodology for amending the risk and
risk rating of hazards and hazardous events, only considers those hazards and hazardous events that are
affected by either wetter conditions, drier conditions or both. In some cases, hazards and hazardous events
may not be affected by either wetter or drier conditions, and need not be amended using the methodology

presented in this guidance document.

The WSP team should do a literature review to identify hazards and hazardous events that the water utility
may become susceptible to under the effects climate change. The literature review will further assist the
WSP team to develop a climate resilient WSP with a comprehensive list of hazards and hazardous events,
that takes into account the effects of climate change. The hazards and hazardous events should be
categorised into those hazards and hazardous events that are affected by i) wetter, ii) drier, iii) both wetter
and drier conditions or iv) neither wetter and drier conditions. Categorising hazards and hazardous events
requires knowledge from the WSP team and in some cases may require expert advice from consultants or
academics, in order to understand the physical conditions under which the identified hazards and
hazardous events occur. A basic example of how to categorise hazards and hazardous events is presented

below:

e Review your current WSP
e Look at your current hazards/hazardous events

o Will these events be affected by climatic conditions being ‘drier’ or ‘wetter’?

Affected by wet conditions?

Affected by dry conditions?

Affected by both wet and dry conditions?

— Unaffected by either wet or dry conditions?
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o Is my list of events comprehensive?
— Literature review — e.g. WHO
o Does my list of events consider climate resiliency?
— Amend/expand current list of events
Hazards and hazardous events should be described using the below method:

X happens (to the water supply) because of Y

X = What can happen to the water supply

Y = How it can happen (i.e. cause)

Examples

the international
water association

— Source water becomes faecally contaminated (X), because of discharge of untreated domestic waste

from households (Y)

— Water in the pipe network becomes contaminated (X), because of unsanitary pipeline repair practices

(Y)

— Water over- or under-dosed with chlorine (X), because of insufficient operator training (Y)

Table 1 provides examples of hazards and hazardous events

Table 1: list of hazards and hazardous events

Hazardous event |Hazard type
Increases in temperature and shifting of precipitation patterns will alter seasonal runoff and storage of water as 5
. [ . . . Physical
snow. Earlier peak runoff flows may strain the capacity of reservoirs to hold large earlier peak flow volumes.
Increases in temperature and decreases in mean annual precipitation, Physical
leads to reduced runoff and higher loss of water through evapotranspiration. Y
Under wetter conditions - Projected sea level rise will increase inundation and salinity in coastal areas. n
- e - . : . : Physical and
Under drier conditions - Over abstraction of groundwater in coastal areas especially during dry periods, leads to A
Chemical
reduced groundwater table.
The building size is not according to legislation for the chlorine content being kept in the chlorine building. Chemical
Intense precipitation events may occur more frequently, concentrating the annual total Physical
rainfall into episodes that challenge current infrastructure for water management and flood control. Y
Under wet conditions - Reduced energy production due to increased flows and rises in water levels. .
" ; ; Physical
Under dry conditions - Due to reduced water levels, energy production may not be possible.
Increased animal activity at open reservoirs. Increased animal activity and leads to faecal . .
D, . > . Microbial
contamination due to droppings of birds and other small animals such as frogs etc.
Lower precipitation will lead to lower streamflow in many locations, which may lead to diminished water quality . .
. . ] Microbial
due to little flushing of pollutants taking place.
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e The WSP team should categorise each hazard and hazardous event into one of four categories which

include (Table 2):
o hazards affected by wet conditions
hazards affected by dry conditions

o
o hazards affected by both wet and dry conditions
o hazards affected by neither wet or dry conditions

Table 2: Categorised hazards and hazardous events

Hazardous event

i DA

the International
water association

|Physical Conditions

Increases in temperature and shifting of precipitation patterns will alter
seasonal runoff and storage of water as snow. Earlier peak runoff flows

leads to reduced runoff and higher loss of water through evapotranspiration.

: ; - q Physical Wetter
may strain the capacity of reservoirs to hold large earlier peak flow Y
volumes.
Increases in temperature and decreases in mean annual precipitation, . .
Physical Drier

Under wetter conditions - Projected sea level rise will increase inundation
and salinity in coastal areas.

Under drier conditions - Over abstraction of groundwater in coastal areas
especially during dry periods, leads to reduced groundwater table.

Physical and Chemical

Wetter or Drier

The building size is not according to legislation for the chlorine content
being kept in the chlorine building.

Chemical

Unaffected by wetter or drier conditions

Intense precipitation events may occur more frequently, concentrating the
annual total rainfall into episodes that challenge current infrastructure for
water management and flood control.

Physical

Wetter

Under wet conditions - Reduced energy production due to increased flows
and rises in water levels.

Under dry conditions - Due to reduced water levels, energy production may
not be possible.

Physical

Wetter or Drier

Increased animal activity at open reservoirs. Increased animal activity and
leads to faecal contamination due to droppings of birds and other small
animals such as frogs etc.

Microbial

Unaffected by wetter or drier conditions

Lower precipitation will lead to lower streamflow in many locations, which
may lead to diminished water quality due to little flushing of pollutants taking
place.

Microbial

Drier

6. Getting Started with the Flood and Drought Portal

6.1 Register and Login

Access the Flood and Drought Portal using the following URL: http://www.flooddroughtmonitor.com. In

order to use the Portal and access the datasets the user will be required to register and setup login

information. Click login in the top right corner of the screen, this should bring up a login dialog (Figure 1).
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e In the login dialog click on the dropdown Login X
(under select user-group) Username
e Choose water-utility, and click register Password

Password recovery
A

& Demo + Login

Registration for new users

Select User-Group| Default v &+ Register

Figure 1: Login screen

The user should complete the registration dialog, and click register (Figure 2). The user should receive a
registration email from the DHI-group. It should be noted that if the requested basin is unavailable, the
user may need to wait up to three (3) days for the basin and information to become available. When the
basin and information becomes available the user will be notified via email. For more information on

logging in and registration the user can find more info at: User guide

Registration X

Name
Organisation
Username

User Group

Email
Password
Retype password

Filter by continent

Africa v

Focus arez
Volta (Operational basin) v
+ Register

Figure 2: Utility registration form

6.2 Data Review
When the user has logged in, a menu will appear displaying various tools within the Portal. Each of these
tools allows the user to conduct different assessments. For the purposes of this guideline, only the use of

the “Data and Information” and “water Safety Planning” tools are described (Figure 3).


http://www.flooddroughtmonitor.com/handler/extradocumenthandler.ashx?request=user_guide&file=User_guide.pdf
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Area:Volta @& ?

Workgroup: Private

About the DataPortal

The Flood & Drought portal is developed as part of the
Flood and Drought Management Tools project. For more
information on the project please visit the project home

page at: hitp:/fdmtiwlearn.ors/en

The Flood & Drought portal provides access to a number
of apps supporting decision makers at basin and local
level. The aim is to support existing planning processes as

N, L] ’
o Y
Q £ 7V

ISSUE ANALYSIS

Causal Chain analysis and
'WRIAM. Understand and

WATER INDICATOR

Identify water related indicators
tosupport management and

DATA AND
INFORMATION

Access to near real-time data.

DROUGHT ASSESSMENT

Locate and identify hazards,
estimate impacts and provide

CROP APPLICATION

Visualise crop calendar, estimate

crop water requirement and
cropyleld.

TDA/SAP and IWRM 3t basin scale and Water Safety risk assessment.
Planning at local scale through the technical apps. The

apps could be used individually or in connection.

prioritise the causes behind dedision-making Flood and drought indices.
issues. Climate forecast and climate
change data.

Please visit the use
on the use of the apps and their intended support for the 000 ey

different stages within basin and local level planning. 0.0 % @
Knowledge portal with discussion forum and upcomming 7N - .. ()
online courses: Select the "Knowledge portal® in the ? ~ o [ )

WATER SAFETY
PLANNING

de for more indepth information

Va

REPORTING

menu or use the link - KnowledgePortal

For video tutorials and overview: YouTube

RDM TOOL
Robust Decision Making Tool

FLOOD ASSESSMENT BASIN PLANNING

Create and evaluate basin plans. User configured templates
Linkage to water resource Support water safety plannin providing linkage to overview
model. e Mt reports or bulletins. Specific
templates for TDA/SAP, IWRM
an

(Under development).

For technical exercises (pdf files) : Dropbox

For technical questions please contact:

Figure 3: Basic functionality of the Flood and Drought Portal

Select the “Data and information” tool. This will show the water utility region and basin of interest
highlighted in green, and the dataset dialog to the left (Figure 4). Above the dataset dialog two options are
available “Status” and “GIS layers”. “Status” indicates the last time step of all datasets (i.e. when datasets

were last updated). “GIS layers” will download the available shapefiles for your basin which are accessible

using a GIS (ARCGIS, QGIS, Whitebox etc.).

User: iwa_test ~ Workgroup: Public ~ Area: Volta @& ?

M v DATA AND INFORMATION

Select Tab
nda §
al N ‘\\ ./
,,,,,, I Selected Basin
{ Zaria” *
\ 5
LY ) Kaduns
A 3 Bau
{ /) 2 ¢ %
( Nigeria
L/ 4 -
- Abuja
Ogbomdiha, ~
=t
i'lvoire ( Ibadan : =
Yefussoukis '." A ) ‘,’
B Liverio® \ ST o \ <,/
Abidjan 5 warl 280 % Cameroon |
T unL'- Bt o 800 ,
RN Y S e L\

Figure 4: Data and information application with no datasets added
In order to view the list of datasets:

e C(Click “Select” above the dataset dialog, this opens the “Favourite Data” dialog.

e The “Favourite Data” dialog shows a list of the various datasets (as listed in Table 3).

NOTE: Available datasets may change as new datasets come online and other
datasets are retired.




Table 3: List of datasets

Name
Rainfall (CHIRPS)

Rainfall (TRMM)

Rainfall (GPM)

Rainfall (PERSIAN)

Rainfall (CRU)
Rainfall (GHCN)

Rainfall forecast

Chlorophyll

Lakes and reservoirs

Medium Range
Rainfall Forecast

Description
Historical ensemble

Monthly mean

Historical ensemble (TRMM)
Monthly mean (TRMM)

SPI 1 month
SPI 3 month
SPI 6 month

Rainfall deviation 30-day

(TRMM)

Effective drought Index (EDI)

Effective flood Index (EFI)
Rainfall deviation 30-day

(GPM)

SPI'1 month
SPI 3 month
SPI 6 month

Monthly mean (PERSIAN)

SPI 1 month
SPI 3 month
SPl 6 month

Rainfall (mm/month) (CRU)

Rainfall daily (GHCN)

Rainfall monthly (GHCN)

Seasonal forecast

e Forecasted SPI 1 month

(Raw)

e  Forecasted SPI 3 month

(Raw)
Seasonal forecast
(Corrected)

e Forecasted SPI 1

month

e Forecasted SPI 3

month
Chlorophyll
JASON
GFS025
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Name
Vegetation NDVI
(5600 m)

Soil water index
(swi)

Vegetation Health
Index (VHI)
Agricultural Stress
Index (ASI)

Combined Drought
Index (CDI)
Evapotranspiration

Evapotranspiration

Temperature

Temperature

Climate change

\l‘,‘np
Y DHI

the international
water association

Description
NDVI deviation rel. (5600 m)

NDVI deviation (5600 m)
Vegetation Condition Index (VCI)
SWI percentile

SWI percentile change (10-day)
SWI percentile change (20-day)
SWI percentile change (30-day)
VHI

AS| Seasonal (season 1)

AS| Seasonal (season 2)

ASI| Seasonal (season 3)

ASI Annual (season 1)
ASI Annual (season 2)
ASI Annual (season 3)
CDlI

PET (0.1mm/8day)

ET (0.1mm/8day)

CRU PET mm/day
Temperature deviation
Temperature Condition Index
(Tcn)

CRU Temperature C

PET rcp45 2016-2035
PET rcp85 2016-2035
PET rcp45 2081-2100
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Description

Global Surface
Water

Flood Index

Physical and socio-
economic data

Physical and socio-
economic data

Physical and socio-
economic data

Physical and socio-
economic data

EGFS10

Maximum water extent
(1984 -2015)

Water seasonality

Annual water recurrence
(1984-2015

Water occurrence (1984-
2015

Water occurrence change
Water transitions

HAND

Socio-economic

e Population (A1B1)

e  Gross Domestic Product

e Night Light (2006)

e Night Light (2010)

e  Drought Mortality Risk

e Flood Mortality Risk

e Infant Mortality Rate
(2000)

e Urban expansion (2030)

e  Child under weight
(percentage)

Agriculture

e Irrigated areas

e Crop Dominance

e Crop Mask
e Soil Map
e  Pasture

Drought related

e  Drought exposure
economic

e  Drought exposure
physical

e  Drought Mortality Risk
(2000)

Flood related

e Flood Hazard 25yrp

e Flood Hazard 50yrp

e Flood Hazard 100yrp

e Flood Exposure
economic

Climate Change

(continued)

PET rcp85 2081-2100
TEMP rcp45 2016-2035

TEMP rcp85 2016-2035
TEMP rcp45 2081-2100

TEMP rcp85 2081-2100

Precip. rcp45 2016-2035
Precip. rcp85 2016-2035
Precip. rcp45 2081-2100
Precip. rcp85 2081-2100

Dry days/month rcp45 2016-
2035

Dry days/month rcp85 2016-
2035

Dry days/month rcp45 2081-
2100

Dry days/month rcp85 2081-
2100

10
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River discharge

River Discharge

Flash Flood

Flash Flood Potential Index
(FFPI)

Water Bodies

Water Body (10 day)

11
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In order to get a feel for using the Data and Information tool, a brief example using the “Rainfall TRMM”

dataset is presented below.

Example 1: Making a dataset part of your favourites

In the “Favourite data” dialog click on the “Rainfall TRMM” and view the dataset description (Figure
5).

e View the Descriptions of other datasets to get an understanding of the various datasets available.

e After viewing the various dataset descriptions, add the dataset “Rainfall TRMM” by checking the box

next to it.

e Click on “Update” at the bottom right corner of the “Favourite data” dialog.

Favourite data X
Select and update favourite data

Rainfall (CHIRPS)
O Rainfall (CHIRPS)
O Historic
) Monthly mean
Rainfall (TRMM)
& Rainfall (TRMM|

Dataset

=, o ] | e Tropical Rainfall Measuring Mission (TRMM) is the first Earth
O Monthly mea Science mission dedicated to studying tropical and subtropical

O SPI 1 month rainfall. It measures precipitation that falls within 35 degrees

O SPI 3 month north and 35 degrees south of the equator. - -
O SPI 6 month Spatial resolution: 0.25 degree < Dataset Descri ptlon

O Rainfall deviaffi Temporal resolution: resampled to daily rainfall product from
2 2000 to present

Source:

Rainfall (GPM)
O Rainfall (GPM)
O Rainfall deviation 30-day (GPM)
O SPI 1 month
O SPI 3 month
O SPI 6 month

Rainfall (PERSIAN)
O Rainfall (PERSIAN)
O Monthly mean (PERSIAN) Update Button

O SPI 1 month
O SPI3 month \
O SP1 6 month -~

v Update

Figure 5: Favourite data dialog

e The dataset will appear in the dataset dialog.

e Select the dataset “Rainfall TRMM” in the dataset dialog, this will load the data on the map with the

legend and below the dataset dialog (Figure 6).

12



gef environment T e
G P
‘g?; une TR Dﬁ Flood and Drought Portal MIKE"

Arexz:Volta @& ?

Rainfall !RMM A

# v DATA AND INFORMATION User: iwa_test  Workgroup: Public

Data Dacument 2 0

Select Status GliSlayers || . mnig
Rainfall (TRMM) / gt
& Rainfall (TRMM)

Tool —

O Time series

O Time series (monthly)
O Table

O Raster file

5t

Selégtxea?a Basin With"f: ’,7
raster data loaded A

z 7 B Gome]
¢ L

{ Nigeria

8wz

®
Abuja

/ s/ Cofe d'Ivoire

L ahssoua
e
Jgorovia Viberia \‘, 2

“Abidjan

Opacity %

00

) ocoe

@
} 2013062 | 4 W \/

\17,38037, 355128 : 2001 2003 2005 2007 2009 2011 2013 2015 2017 . Nociondl Terms of Use

Figure 6: Overview of data functionality and Rainfall distribution for the Volta Basin

e A tools dialog will appear: these tools include time series data, table data and raster files which are
available for download and can be processed in excel or a GIS.

e The tools for data types may vary between datasets, as some datasets may include additional tools
such as envelope plots and others may only include raster files.

e The map generated shows the last time step available for each dataset, however the “time step”

slider, at the bottom of the screen, can be moved to see the weather conditions of a basin over time.
Example 2: Viewing the data — Part 1

e Select the dataset “Rainfall TRMM”.

e The tools dialog should open.

e Inthe tools dialog select “Time Series”.

e The graph displaying the rainfall data will appear (Figure 7) (Note: this graph is specifically for the
Volta basin).

e Zoom into a specific year or time step by dragging your mouse over the period on the graph, this will

display data for that year/time step in more detail.

13
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Chart

im ém 1y All Zoom: click-drag  Pan: shift-click-drag

Rainfall (TRMM) - All focus area — Volta
45.00
40.00
35.00
30.00
25.00

20.00

15.00

10.00

5.00

0.00
2000

1im 6m om: click-drag ~ Pan: shift-click-drag

Rainfall (TRMM) - All focus area — Volta

mm

2016 ] 2017

Figure 7: The graph at the top indicates the rainfall for the entire TRMM, while the graph at the bottom indicates a zoomed in

section
Example 3: Viewing data — Part 2

e Select the “Time Series (monthly)” in the tools menu.

e (Click “New Chart”.

e The graph generated shows a monthly time series plot (in black) and the long-term average/mean for
the dataset (in red) (Figure 8). This graph is useful as it indicates the months where rainfall exceeded

the mean.
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Chart X
1m 6m 1y All Zoom: click-drag ~ Pan:shift-click-drag
Rainfall (TRMM) - All focus area — Volta
— Mean
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Figure 8: Monthly time series graph with averages/ means displayed in red.
o ” H H
e Select the “Table” option, the dataset (Figure 9)
Table
Rainfall (TRMM) - All focus area - Monthly accumulated values
Time Jan. Feb. March April May June July Aug. Sept. Oct. Now. Dec. Ave. Min. Max
2000 29.7 66.7 121.3 157.5 129.9 2754 1521 77.9 3.9 15 101.6 15 2754
2001 3.7 10.0 315 54.5 109.1 154.5 166.9 188.0 146.2 362 5.0 28 757 2.8 188.0
2002 53 45 253 441 102.4 133.9 194.4 2102 1310 92.6 8.2 4.0 813 4.0 210.2
2003 7.5 36.5 23.0 80.1 99.9 189.1 156.7 293.0 169.0 78.2 18.9 3.9 96.3 3.9 293.0
2004 118 18.2 26.7 714 1011 103.4 209.9 263.2 154.8 70.4 29.4 3.8 0.4 3.8 263.2
2005 113 240 42.0 754 4.0 152.3 187.8 182.0 151.9 85.0 6.7 4.0 4.7 4.0 187.8
2006 22.3 16.7 28.2 47.1 118.1 164.2 168.8 2125 193.1 122.8 2.9 1.7 ?1.5 1.7 2125
2007 2.9 71 228 105.1 1015 126.7 188.6 308.0 185.9 84.1 17.6 5.5 6.3 2.9 308.0
2008 3.2 48 50.3 42.6 132.5 141.0 2247 3275 191.3 110.5 24 50 103.0 24 327.5
2009 1.8 253 35.3 69.3 90.6 168.7 2114 2955 194.9 109.6 15.9 54 102.0 18 295.5
2010 1.3 244 235 81.1 116.5 1521 158.0 307.4 228.5 170.0 14.0 0.8 106.5 0.8 307.4
2011 1.7 249 482 498 1101 144.9 1994 283.6 167.8 103.6 1.9 0.5 947 0.5 283.6
2012 14 274 225 81.6 127.2 166.8 2216 2264 196.4 136.7 204 34 102.7 14 2264
2013 23 208 542 65.5 117.0 1512 190.1 2159 157.0 91.5 19.5 33 0.7 2.3 215.9
2014 85 21 48.9 70.8 815 149.6 170.0 2414 198.0 91.3 30.3 0.3 91.7 0.8 2414
2015 21 219 341 26.7 98.7 1244 178.9 265.4 186.2 132.8 6.2 0.5 89.8 0.5 2654
IN1A c1 oa an1 Ara 1122 16821 N5 N QAET 4 1701 ToK5 70 24 o924 24 FET 4

Figure 9: Monthly averages/means in tabular format.

The datasets can be downloaded and viewed in Excel. There is also an option to download the raster data

which the user may view using a GIS. The user is strongly encouraged to spend some time looking at the

other datasets available within the Portal, and using the available data tools to view them. To assist the

user further, the Portal also provides a quick overview of a basin (Figure 10).
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Figure 10: Data and map view in the Portal

More information on the datasets and the different data tools can be found in the IWA guiding documents.

These documents are found by following the link: Flood and Drought Portal Documents.

Example 4: Viewing data — Part 3

When viewing a dataset in the Portal, the default spatial scale is at the basin scale. However, the user can

view the datasets at different spatial scales. These scales are described below:

o All focus area: Weighted time values for the whole basin

o User location: Weighted values for a user specified location

o Subarea layer: Weighted values for a selected sub-basin

o Point layer: Weighted values for a selected station (point location)
In order to view data for different spatial scales:

e Select Rainfall TRMM in the Data dialog

e  When the tool dialog appears select the “Tool” of choice either Time series, Table and Envelope plot

(where available)
e When the “Tool” is selected, another dialog will appear called “Area”

e Inthe “Area” dialog select the spatial scale that is useful to the water utility (Figure 11).
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User location

Subarea layer
Point layer

e The different spatial scales will appear differently on the map

e When selecting “Subarea layer”, the different sub-basins will appear
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e When selecting “Point layer”, different points on the map will appear with in the basin

e In both cases the “Subarea” and “Point layer” can be selected by, i) clicking on the subareas or

points on the map, or ii) from the list that is generated when choosing the spatial scale

7. Overview of

Selected Datasets

For the purposes of this guidance document, six (6) datasets were selected to determine if physical

conditions are expected to be wetter or drier. Two (2) datasets were selected for a short-term analysis,

while four (4) datasets were selected for a long-term analysis. These datasets were selected based on (1)

feasibility of use, and (2) ease of use/understanding and applicability to utilities for data analysis. Datasets

which (1) do not provide a clear indication of how the graphs/data can be read, (2) produce graphs/data

with too much information (cluttered), or (3) provide insufficient data (data gaps or only provide raster

files) were firstly eliminated (Table 4).

1.  Rainfall (TRMM)

2. | Temperature (MOD11A1)

Short-Term Datasets

Table 4: List of selected datasets for short or long-term climate analysis

Rainfall (CRU) — Rainfall (mm/month) (CRU)

Precip. RCP45 2016-2035

Temperature — CRU Temperature C

> iy

TEMP RCP45 2016-2035

e Rainfall (TRMM) - The preferred data for rainfall is the Tropical Rains Measuring Mission (TRMM). It

provides the probable rainfall changes for 1 month, 3 months and 6 months, taking into account the
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historical rainfall. It is recommended that the historical ensemble data be downloaded and evaluated

in Excel, as the graphs on the Portal can be confusing for novice users.

Note: The user should note that although Rainfall (TRMM) dataset is still available, there
is currently a project to reprocess the TRMM-era multi-satellite datasets (TMPA) with
GPM-era algorithms to create a continuous record with the GPM IMERG multi-satellite
dataset that will cover 1998 to the present. This reprocessing is currently scheduled to

take place in April to June 2018.
More information can be found at the following links:

How to Access TRMM & GPM Precipitation Data

OR

PPS is Reprocessing TRMM PR Data as TRMM GPM

e Temperature (MOD11A1) - Temperature is one of the first indicators of a drought, with prolonged
periods of high temperatures exceeding the mean indicating drought conditions. The dataset is based
on the 1 km MOD11A1 product. The product is resampled to a 5 km resolution with an 8-day temporal

resolution.
Long-Term Datasets

e Rainfall (CRU) Rainfall (mm/month) (CRU) - CRU rainfall data covers the period 1901-2013, and covers
all land areas except Antarctica at a resolution of 0.5°. The dataset indicates month-by-month climate
variations.

e Temperature CRU Temperature C — CRU temperature data covers the period 1901-2015, and covers
all land areas except Antarctica at a resolution of 0.5°. The dataset indicates month-by-month climate
variations.

e TEMP, Precip.RCP45 2016 to 2035 - RCP datasets consist of a range of possible changes in future
anthropogenic greenhouse gas emissions and aims to represent their atmospheric concentrations. The
RCP values are consistent with certain socio-economic assumptions, providing flexible descriptions of
possible futures. The datasets provide predictions of temperature and precipitation, where the
estimations are for the medium radiation forcing scenario RCP45 and the extreme radiation forcing
scenario RCP85. The recommended RCP dataset is RCP45, which estimates that the CO,-emissions will
peak around the year 2040, and then decline, due to less usage of fossil fuels. The data provides various

change factor outputs, indicating if there is an increase or decrease in temperature and precipitation.
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8. Step-by-step Guidance on How to Determine the Risk of Wetter or

Drier Conditions

The following section is divided into two parts, namely short-term analysis and long-term analysis. Various
methods will be used to determine whether the utility will be experiencing wetter or drier conditions in
the short- and long-term. This will include downloading of relevant datasets, and processing the data using
a spreadsheet (e.g. Excel). The information that this analysis yields will be incorporated into the water
safety planning process. The short-term analysis should be done every six months, whereas the long-
term analysis should be done annually, e.g. Water utilities should do the analysis before the financial
cycle so that the water utility may secure the necessary funding to implement control measures. To
assist the user with analysing the datasets, worked examples have been prepared. These are available as
an accompanying Excel file named “Short-term analysis for rain/temperature” and “Long-term analysis for

rain/temperature”.

8.1 Short-Term Climate Analysis
A short-term analysis of climate data can assist utilities in determining immediate risks and addressing

noted concerns through appropriate immediate/short-term interventions. In order to perform a short-
term analysis, the utility will have to download and process the required datasets and use the Portal to
determine if they are experiencing wetter or drier conditions. This analysis is not intended to indicate
whether the utility is experiencing floods or droughts, but rather to determine whether the utility is
experiencing a wetting or drying trend. This will be based on the analysis of recent data for a 1-year period
and determining whether rainfall or temperature is above or below the average. Analysis of climate data
can assist in short-term planning and implementation of control measures that may reduce the impacts of

climate related disasters to the utility. The datasets required for a short-term analysis include (Table 5):

Table 5: List of datasets for short-term climate analysis

Short-Term
Climate Analysis Datasets
1. Rainfall (TRMM)
2. Temperature (MOD11A1)

The datasets listed in Table 5 should be added to the dataset dialog (as explained in Section 2.2: Data
review). To get a general idea of what the basin data looks like, the user should view the graphs, maps and

tables for each dataset.
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The purpose of the following analysis is to determine if the amount of rainfall in the year is above or below

the long-term mean, and therefore to indicate if conditions are wetter or drier than normal.

Note: The analysis conducted should not be interpreted as a weather forecast and are only
intended to be used to facilitate improved planning.

8.1.1 Steps for analysing short-term rainfall data

e Inthe dataset dialog select the Rainfall (TRMM).

e Inthe “Tool” dialog select the “Table” option and download the table data for the dataset (Figure 12),

the downloaded data will be in “.csv” format and can be accessed using Microsoft excel.

& uNe A
] UN® m e Flood and Drought Portal MIKE"
# v DATA AND INFORMATIO| |Table X
Datal |l Dochment Rainfall (TRMM) - All focus area - Monthly accumulated values
Time Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Avg. Min. Max. o
Select 200> o P U T YHU[ I5Z0 | Loro | 1oZU|  15Ly 3.0 o7 U o7 U 1070
Rainfall (CHIRPS) 2006 223 167 282 474 1181| 1642 1688 2125 1931| 1228 29 17 915 17 2125
O Rainfall (CHIRPS) 2007 29 71 228 1051| 1015 1267| 1886 3080 1859 84.1 17.6 55 96.3 29 308.0
Rai RMM 2008 32 48 503 426| 1325 1410 2247| 3275 1913 1105 24 50| 1030 24 3275
mb]e REIN) 2009 1.8 253 353 693 90.6| 1687| 2114 2955 1949| 1096 159 54| 1020 18 2955
O Monthly mean (TRMM) 2010 13 244 235 811| 1165 1521 1580| 3074 2285 1700 140 08| 1065 08 307.4
O SPI 1 month 2011 17 249 482 498| 1101| 1449 1994 2836 167.8| 1036 19 05 947 05 2836
O 5P13 month 2012 14 274 225 816| 1272 1668 2216| 2264 1964 1367 204 34| 1027 14 2264
Tool 2013 23 208 542 655 1170 1512 1901| 2159| 1570 915 195 33 50.7 23 2159
O Time series 2014 85 9.1 489 708 81.5| 1496, 1700| 2414| 1980 913 303 08 917 08 2414
C.lime series (monthly) 2015 21 219 341 267 987| 1244| 1789 2654 1862| 1328 62 05 89.8 0.5 2654
" 2016 51 9.8 40.1 638| 1182 1521 2050| 257.4| 1791 795 79 34 93.4 34 2574
2017 33 7.6 233 764| 1149 1633 1710| 2549| 1405 739 113 53 87.1 33 2549
Area 2018 12 406 439 603| 1166 525 12 1166
All focus area Ave. 54 185 344 670/ 1090 1498 1852| 2560| 1735 97.0 124 31
Max. 223 406 542 1051| 1325 189.1| 2247| 3275 2285 1700 30.3 55
Min. 12 45 225 26.7 815/ 1034 1299 1820| 1310 36.2 1.9 0.5

Figure 12: Rainfall (TRMM) table data

on your computer.

Note: When opening the downloaded files, the data may appear in one single column. It is
very important that the data be separated, before the analysis starts (Figure 13). This may

not always occur and it is largely dependent on the Version of the Microsoft Office software
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REN 2008,3.2,4.8,50.3,42.6,132.5,141.0,224.7,327.5,191.3,110.5,2.4,5.0,103.0,2.4,327.5
REY 2005, 1.8,25.3,35.3,69.3,90.6,168.7,211.4,295.5,194.9,109.6,15.9,5.4,102.0,1.8,295.5
§EJ 2010,1.3,24.4,23.5,81.1,116.5,152.1,158.0,307.4,228.5,170.0,14.0,0.8,106.5,0.8,307.4
iy 2011,1.7,24.9,48.2,49.8,110.1,144.9,199.4,283.6,167.8,103.6,1.9,0.5,94.7,0.5,283.6
i) 2012,1.4,27.4,22.5,81.6,127.2,166.8,221.6,226.4,196.4,136.7,20.4,3.4,102.7,1.4,226.4
i3 2013,2.3,20.8,54.2,65.5,117.0,151.2,190.1,215.9,157.0,91.5,19.5,3.3,90.7,2.3,215.9
Rl 2014,8.5,9.1,48.9,70.8,81.5,149.6,170.0,241.4,198.0,91.3,30.3,0.8,91.7,0.8,241.4
REY 2015,2.1,21.9,34.1,26.7,98.7,124.4,178.9,265.4,186.2,132.8,6.2,0.5,89.8,0.5,265.4
RE} 2016,5.1,9.8,40.1,63.8,118.2,152.1,205.0,257.4,179.1,79.5,7.9,3.4,93.4,3.4,257.4
g 2017,3.3,7.6,23.3,76.4,114.9,163.3,171.0,254.9,140.5,73.9,11.3,5.3,87.1,3.3,254.9
EAl 2018,1.2,40.6,43.9,60.3,116.6,167.6,210.3, , , , , ,91.5,1.2,210.3

ekl Avg.,5.4,18.5,34.4,67.0,109.0,150.7,186.5,256.0,173.5,97.0,12.4,3.1, , ,

Figure 13: Data appearing in one column

If your data appears in one column, the data can be separated into multiple columns using the following

steps:

e  Select column A in the spreadsheet then click the “Data” tab in excel.

e Inthe data tools Select “Text to Columns”.

e Inthe Window that opens choose “Delimited”, then click next.

e In delimiters check the box marked “Comma” and uncheck the “Tab” box.

e  Click “Finished”.

The data should be separated into individual columns (Figure 14).
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1 Time Jan. Feb. March  April May June July Aug. Sept. Oct. Nov. Dec. Avg. Min. Max.
72 2000 29.7 66.7 1213 157.8 1299 275.4 1521 7789 39 15 101.6 15 275.4
3 2001 3.7 100 315 545 109.1 1545 166.9 188.0 1462 36.2 5.0 238 75.7 238 188.0
4 2002 5.3 45 253 64.1 102.4 133.9 1844 210.2 1310 926 8.2 4.0 813 4.0 210.2
5 2003 7.5 36.5 23.0 80.1 999 189.1 156.7 293.0 169.0 78.2 189 39 96.3 39 293.0
6 2004 118 18.2 26.7 914 1011 103.4 2099 263.2 1548 704 294 3.8 S0.4 38 263.2
7 2005 113 240 420 75.4 840 1523 1878 182.0 1519 85.0 6.7 40 847 40 1878
8 2006 223 16.7 28.2 47.1 1181 1642 168.8 2125 193.1 1228 28 17 915 17 2125
‘9 2007 2.9 i 3 228 105.1 1015 126.7 1886 308.0 1859 841 17.6 5.5 96.3 29 308.0
10 2008 3.2 48 50.3 426 1325 1410 2247 3275 1913 1105 2.4 5.0 103.0 24 3275
1 2009 1.8 253 353 69.3 90.6 168.7 2114 2955 1849 109.6 159 5.4 102.0 18 2955
JZ 201013 244 235 81.1 1165 152.1 158.0 307.4 2285 1700 140 0.8 106.5 0.8 3074
13 201117 2498 482 498 1101 1449 1994 2836 167.8 103.6 19 0.5 947 05 283.6
4 2012 1.4 27.4 225 816 127.2 166.8 2216 226.4 196.4 136.7 204 3.4 102.7 14 226.4
15 2013 2.3 208 542 65.5 1170 151.2 190.1 2159 157.0 915 195 33 80.7 23 2159
16 2014 85 9.1 489 70.8 815 1496 1700 2414 198.0 913 303 0.8 917 0.8 2414
17 2015 2.1 219 341 26.7 98.7 1244 1789 265.4 186.2 13238 6.2 0.5 89.8 0.5 265.4
713 2016 5.1 9.8 40.1 63.8 1182 152.1 205.0 257.4 179.1 795 79 3.4 834 3.4 257.4
19 2017 3.3 7.6 233 76.4 1149 163.3 1710 2549 1405 739 113 5.3 87.1 33 2549

Figure 14: Data separated into individual columns
Steps for analysing short-term rainfall data:

e  Download the TRMM rainfall data for short-term rainfall analysis (Figure 14)

e  The datasets will download in “.csv” format, which can be accessed using Excel.

e  Data will appear in columns A to P of your spreadsheet.

e  Before the data is processed, add the following headings (we suggest starting from column “R1” to

Column “U1”):

R1 - Month and year

S1 — Rainfall total for month (mm/month)
T1 — Average monthly rainfall (mm/month)
U1 - Percent of normal (%)

e  Select the cells starting from “R1” to “R13” and “U1” to U13” and add borders to create a table (Figure
15). To add a border, go to the “Home” tab and under “font” click the drop-down arrow next to
“borders” and choose “all borders”.

e Inthe “month and year” column add the dates for the previous 12 months (e.g. see Figure 15 — data
downloaded in June 2018). In the “rainfall total for month” column, copy the data for previous 12
months from the long-term data and paste it next to the corresponding month in the table.

e  Thelong-term average monthly rainfall for the dataset should be copied and added to the table (Note:
when copying the average values make sure to paste it in the correct cell i.e. paste the average for

June next to the recorded value for June).
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Rainfall total for month (mm/month) Average monthly rainfall (mm/month) Percent of normal (%)
Jun 17 163.3 149.8
Jul 17 171 185.2
Aug 17 254.9 256
Sep 17 140.5 173.5
Oct 17| 73.9 97
Nov 17 11.3 12.4
Dec17 5.3 3.1
Jan 18 1.2] 5.4
Feb 18 40.6 18.5
Mar 18 43.9 34.4
Apr 18! 60.3 67
May 18 116.6 109
Average Percent of Normal for previous 12 months (%)

Figure 15: Table displaying short-term data

In order to determine the likelihood of conditions being more or less than the average, the number of
times the projected conditions are above or below the long-term monthly average should be counted.
However, the user has to determine the number of times the observed monthly average is above the long-

IM

term monthly average/mean. In order to do this the “percent of normal” should be calculated.

IM

The “percent of normal” will be calculated for each month. This will indicate to the user if observed
monthly rainfall was more than, less than or equal to the long-term monthly average/mean (the long-term

average monthly rainfall in this case is considered “normal rainfall”). The average percent (%) of normal of

the 12 months will be determined to get an overall idea of what the rainfall was like during that period.

= (§2/T2) * 100

In order to calculate the “percent of normal” insert the following equation into excel:

o where S2 is the recorded rainfall total for the month, and T2 is the long-term average

monthly rainfall. Multiplying by 100 will give the answer as a percentage.

e (Calculate the average of the “Percent of normal” for the last 12 months using the equation below:
= Average (U2:U13)
Where U2:U13 is the range of percent of normal calculated for January to December.
e The final table should then look as per Figure 17.

Month and year | Rainfall total for month (mm/month) Average monthly rainfall (mm/month) Percent of normal (%)

Jun17 163.3 149.8 109.01
Jul 17| 171 185.2 92.33
Aug17 254.9 256 99.57|
Sep 17| 140.5 173.5 80.98
Oct 17 73.9 97| 76.19
Nov 17| 11.3 12.4 91.13
Dec17 5.3 3.1 170.97|
Jan 18 1.2 5.4] 22.22
Feb 18 40.6 18.5 219.46
Mar 18! 43.9 34.4 127.62
Apr 18 60.3 67 90.00
May 18 116.6 109 106.97
Average Percent of Normal for previous 12 months (%) 107.20

Figure 16: Final table with all calculations for rainfall
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The “Percent of normal (%)” calculates the percentage increase or decrease observed in rainfall relative to
the and long-term average monthly rainfall. In the case of the above example, rainfall has increased to
107.2% of average/mean. Values below 100% indicate that rainfall was less than the average/mean, while
values above 100% indicate that rainfall was more than the average/mean. In the above example, the
observed rainfall during the analysis period increased (i.e. 107.2%). Using table 6 below, the physical

conditions experienced by the water utility can be determined.

Is there information on changes in rainfall intensity in the system?

The Portal does not have any indicator related to rainfall intensity. The main reason is that
rainfall data within the Portal focuses on daily rainfall where the intensity is not as relevant. It
is possible to look at half-hourly and 3-hourly rainfall for some of the rainfall products (e.g.
TRMM) and in that case the intensity would be a very relevant parameter. It should be noted
that, the Portal will not include rainfall products with datasets related to rainfall intensity on a

global scale, due to the large data size of these products.

Table 6: Range of dry and wet spells expressed as a percentage (%) (Table adapted from Awange et al., 2007).

Percentage of rainfall relative to
Physical conditions
average/mean (%)

>175 Extremely Wet
150-175 Very Wet
125 -150 Moderately Wet
100 -125 Mildly Wet ‘
100 Normal
75-100 Mildly Dry
50-75 Moderately Dry
25-50 Very Dry
<25 Extremely Dry

o I MILDLY WET

Considering the above Table 6, we can see that the utility in the example experienced a “Percentage of

rainfall relative to average/mean” rainfall between 100-125, indicating “mildly wet” physical conditions.
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Note: In the Portal and within the Rainfall (TRMM) dataset, there is a sub-dataset called “Rainfall
deviation 30-day (TRMM)”. The dataset provides the user with the deviation in rainfall for the
last 30 days. The deviation is calculated as the difference between accumulated TRMM rainfall
and the long-term mean. The data is only available in raster format. This dataset is particularly
useful to see how rainfall has deviated from the long-term mean for the entire basin, and which
parts of the basin experienced rainfall conditions either above or below the mean. An example
is the below map for the Volta basin (Figure 17). Based on the below image, most of the Volta
basin experienced conditions that exceeded the mean (blue cells), whereas areas mostly the
eastern parts of the basin experienced conditions below the mean (red cells). Only some parts
of the basin experienced conditions that were equal to the mean (empty cells). The categories
used in table 6 differ from the categories used in the Portal (Figure 17). This is because the

categories in table 6 are in percentage (%), and the categories in Figure 17 are in millimetres

(mm).
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Figure 17: An example of a rainfall deviation in raster format
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8.1.2 Steps for analysing short-term temperature data
e Inthe dataset dialog select the Temperature (MOD11A1).
o Inthe “Tool” dialog select the “Table” option and download the table data for the dataset (Figure 18),

the downloaded data will be in “.csv” format and can be accessed using Microsoft excel.

-
Data x | Document Table

Select

Temperature - All focus area - Monthly average values

Temperature Time Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Avg. Min. Max.
& Temperature 200> SZI SR SO o7 SRR SLY 270 SLU SULy So.0 S50.Z S50.7 o%.Z zvo o570
Ul Temperature deviation

2006 3538 390 384 410 39.3 317 3038 290 29.9 341 35.9 351 350 290 410
O Temperature Condition Index( 2007 333 381 385 39.2 347 329 309 295 313 342 350 350 344 29.5 39.2
Jemgeratore 2008 334 37.1 39.3 390 38.5 326 311 294 29.2 324 356 3438 344 29.2 39.3
O CRU Temperature C

Gihe e 2009 3338 365 386 394 360 325 3038 303 29.6 335 340 374 344 29.6 39.4
) DET von©E 2044 202E 2010 384 396 356 364 334 326 287 289 303 316 346 353 338 287 39.6
Tool 2011 3338 387 383 416 366 318 306 325 332 364 347 353 306 416
O Time <eries 2012 353 358 365 355 342 31.2 29.8 292 311 339 35.1 347 335 292 365
2013 351 385 416 375 356 323 317 300 313 340 37.3 3438 350 300 416
el 2014 358 376 405 409 374 321 312 294 317 343 35.4 349 35.1 29.4 409
Area 2015 342 385 378 37.9 381 326 330 298 308 333 355 323 345 298 385
Alifocusares 2016 345 383 403 389 349 323 303 311 308 340 355 339 34.6 303 403
2017 356 367 412 37.3 349 320 310 29.9 305 334 35.9 333 343 29.9 412
&0 2018 333 386 37.9 a7.3 343 30.7 35.3 307 386

Avs. 3438 37.8 389 387 361 323 309 300 307 335 355 352

Max. 384 396 423 416 393 341 330 320 325 351 37.3 37.8

Min. 321 353 355 355 334 30.6 287 289 292 316 340 323

Figure 18: Temperature data in tabular format

e  The datasets will download in “.csv” format which can be accessed using Excel.

e The data may need to be separated, use the same steps as described above to separate the data (see
short-term rainfall analysis).

e  Expandthe table using the same steps as described earlier (see short-term rainfall analysis). The labels

for each column should be as follows:

R1 - Month and year

S1 — Average temperature for the month (°C)
T1 - Average monthly temperature (°C)

U1 — Deviation (°C)

e Select the cells starting from “R1” to “R13” and “U1” to “U13” and add borders to create a table
(Figure 19). To add a border, go to the “Home” tab and under “font” click the drop-down arrow
next to “borders” and choose “all borders”.

e In the “month and year” column add the dates for the previous 12 months (e.g. see Figure 19 —
data downloaded in June 2018). In the “Average temperature for the month” column, copy the
data for previous 12 months from the long-term data and paste it next to the corresponding month

in the table months (Figure 19).
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e The long-term average monthly temperature for the dataset should be copied and added to the
table (Note: when copying the average values make sure to paste it in the correct cell i.e. paste

the average for June next to the recorded value for June):

A R S T u
1 Month and year |Average Temperature for the month (*C) |Average monthly temperature (°C) Deviation (*C)
=] Jun 17 32 32.3
3| Jul 17 31 30.9
4 Aug 17 29.9 30
i Sep 17 305 30.7
6 | Oct 17 334 33.5
=4 Nov 17 35.9 35.5
8 | Dec 17 333 35.2
9 Jan 18 33.3 348
10 Feb 18 38.6 37.8
Mar 18 37.9 389
Apr 18 37.3 387
May 18 343 36.1
Average Temperature Deviation (°C)

Figure 19: Table with short-term temperature data

In order to determine the likelihood of conditions being more than or less than the average, the number
of times the projected conditions are above or below the long-term monthly average should be counted.
However, the user has to determine the number of times the observed monthly average is above the long-

term monthly average/mean. In order to do this the “temperature deviation” should be calculated.

The “temperature deviation” will be calculated for each month. This will indicate to the user if the observed
average monthly temperature was more than, less than or equal to the long-term monthly average/mean
(the average monthly long-term temperature in this case is considered “normal temperature”). The
average of the 12 months will be determined to get an overall idea of what the rainfall was like during that

period.

e |norder to calculate the “Deviation °C” insert the following equation into excel:
=(52-T2)
e where S2 is the average for the month, and T2 is the long-term monthly average.
e  (alculate the overall average temperature deviation for the last 12 months using the equation below:
= Average (U2:U13)
Where U2:U13 is the range of temperature deviations calculated for the January to December.

e The final table should look as indicated in (Figure 20).
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Month and year |Average Temperature for the month (*C) |Average monthly temperature (°C) Deviation (°C)

Jun 17 32 32.3 -0.3
Jul 17 31 30.9 0.1
Aug 17 29.9 30 -0.1
Sep 17 305 30.7 -0.2
Oct 17 33.4 33.5 -0.1
Nov 17 35.9 35.5 0.4
Dec17 333 35.2 -19
Jan 18 33.3 348 -15
Feb 18 38.6 378 0.8
Mar 18 37.9 38.9 -1
Apr 18 37.3 38.7 -1.4
May 18 343 36.1 -18
Average Temperature Deviation (°C) -0.58

Figure 20: Final table with all calculations for temperature

The temperature deviation (°C) is the difference between the observed average temperature for the
month and the monthly long-term average temperature. Negative values indicate that temperature was
less than the average/mean, while positive values indicate temperatures were more than the
average/mean. In the above example, the observed temperature during the analysis period decreased {(i.e.

-0.58°C). Using table 7 below, the physical conditions experienced by the water utility can be determined.

Table 7: Range of deviations in temperature (°C)

Temperature deviation (°C) Physical conditions
3to5 Major increase
2to3 Moderate Increase
1to2 Minor increase
Oto1l Near normal
0 Normal
Oto-1 Near normal h
-1to-2 Minor decrease
-2to-3 Moderate decrease
-3to-5 Major decrease

_> I Near Normal

Considering the above table 7, we can see that the utility in the example experienced temperature

II’

deviations between 0 to -1 °C, indicating “near normal” physical conditions.
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Note: In the Portal within the Temperature (MOD11A1) dataset, there is a sub-dataset called
“Temperature deviation”. The dataset is used as a drought index and describes the deviation of
the temperature from the long-term mean. The data is available in time series, column chart
and raster formats. This dataset is particularly useful to see how temperature has deviated from
the long-term mean (can be viewed at different spatial scales), and which parts of the basin
experienced temperature conditions either above or below the mean. An example is the below
map for the Volta basin (Figure 21). Based on the below image, most of the Volta basin
experienced conditions that equalled the mean (empty cells), whereas large areas of the basin
experienced conditions that were below the mean (Blue cells). Very small parts of the basin
experienced conditions that were above the mean (red cells). The categories used in table 7
differ from the categories used in the Portal (Figure 21). This is because the Portal has a
category that indicates increases in temperatures greater than 5°C (>5 °C) above the mean,
and decreases in temperature of 5°C (<5°C) below the mean (Figure 21).
~e DAnsongo-Men [B
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Figure 21: An example of a temperature deviation in raster format

8.1.3 Determining short-term climate change related risks
Considering the previously presented examples, an analysis of the Rainfall (TRMM) and Temperature
(MOD11A1) datasets indicates that conditions within the water utility are expected to be wetter than
normal as follows:
e Rainfall

e Likelihood: 5 out of 12 months had rainfall that exceeded the average/mean.

e Severity: mildly wet
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e  Temperature
e Likelihood: 3 out of 12 month experienced conditions that exceeded the average/mean.

e Severity: near normal

Note: The below methodology can be applied to both hazards and hazardous events associated wetter
or drier conditions. The example of the specific hazard in the below scenario, was used as conditions
based on the above analysis that determined conditions were wetter than normal. Further examples of

hazards and hazardous events, associated with wetter and drier conditions are listed in appendix A.

8.1.4 Scenariol
The water utility has completed the analysis, and has determined that the physical conditions are mildly

wet. The mildly wet conditions are an issue of concern to the water utility, because in the past increased
rainfall and increased flows (flooding) has caused damage to their infrastructure. The damage to the
infrastructure affected their ability to provide water of an adequate quantity and quality (Figure 22). The
water utility would like to determine if there is an increased risk of damage to infrastructure and reduced
water quality as a result of mildly wet conditions, so that they may implement the necessary actions to

avoid damage to their infrastructure occurring again.

Figure 22: The effects increased flows had on drinking water quality (Photo courtesy: MWAUWASA water utility).
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In order to determine if there will be a change in the risk rating, the water utility should use the following

steps

e The user should determine their water utility’s current risk rating for the hazard and hazardous event
in question (this should be in the water utility’s current WSP), and in particular know both the
likelihood and severity for a climate change related hazard/hazardous event (see Table 8).

e By way of example and considering a typical 5 x 5 matrix used for water safety planning risk
assessments, if the water utility’s current risk rating for the hazard and hazardous event is “medium”
with likelihood categorised as “unlikely”, and the severity categorised as “moderate”, then the risk

rating is calculated as 6 (see the circled values in the table 8 below).

Table 8: Current Risk Matrix

Almost Certain
5 10 15
5
Likely
4 8 12
4
Moderate
3 6 9
3
o
3
K]
=
= Rare
1 2 3 4 5
1
Insignificant
Mild or \
or no Moderate 3 Major Catastrophic
minor
impact 4 5
2
1
Severity
Risk Score <6 6-9 10-15 >15
Risk rating Low Medium High Very High

Considering the previous example: In the above example

e  Forrainfall,

o Likelihood: 5 months were above the average/mean, and 7 were below the average/mean

o Severity: mildly wet
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° For temperature,
o Likelihood: 3 months were above the average/mean, and 9 months with below the
average/mean temperature (°C)

o Severity: near normal

The tables that follow can be used to determine the possible changes to likelihood and severity (Table 9,

Table 10, Table 11 and Table 12).

What if my utility uses a risk matrix different from the one described in the example?

The user should note that in the examples below change factors are presented for both likelihood
and severity. These change factors are the suggested approach developed for this guidance
document and is designed to be used with the 5x5 risk matrix found in the WHO/IWA WSP
manual. However, not all water utilities use the 5x5 risk matrix as described in the Water Safety
Planning manual. Water utilities may be using a simpler risk matrix such as a 3x3 risk matrix, or
another risk matrix that is required by the law within their country. Should the user’s water utility
be using a different risk matrix, the user may amend the change factors to suit their own needs.
In the case of the 3x3 risk matrix the maximum change factor should not exceed +2. Furthermore,
the applicability of the approach should be tested on a case-by-case basis, and amended as
required (e.g. Is the suggested approach too sensitive for our utility? Should we adjust the

change factors and make them more conservative?).

When determining the likelihood of wetter or drier conditions the water utility should count the number

|ll Ill

of months’ rainfall was higher than “normal” and how many times it was lower than “normal”. The water

utility may get a combination of for e.g. 8 months wetter than “normal” and 4 months drier than “normal”

|”

or, the water utility may get a combination of 8 months drier than “normal” and 4 months wetter than
“normal”. In the case of the example presented above, the combination is 7 months below average/mean
and 5 months above average/mean for rainfall (Table 9). The same should be done for temperature, the
water utility should count the number of months whereby temperature deviations were above or below
the mean. The water utility may get a combination of 10 months above the mean and 2 months below the
mean or, the utility may get a combination of 10 months below the mean and 2 months above the mean.
In the case of the example presented above, the combination is 9 months below average/mean and 3

months above average/mean for rainfall (Table 9). Considering these combinations of likelihood for rainfall

and temperature, table 10 can be used to determine the likelihood change factor. The water utility should
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look for each combination in table 10, and find the point where they intersect. In the case of the example

presented above, the likelihood change factor is +1 (Table 10).

Table 9: Likelihood for rainfall and temperature

‘ Number of observations above or below mean

12 months and 0 months
11 months and 1 month
10 months and 2 months

( 9 months and 3 months

8 months and 4 months

G months and 5 monthD

6 months and 6 months

Table 10: Determining the overall change factor for likelihood

12
months
and 0
months
11
months
and 1
month
10

months
and 2 1 +1 +1 +1 +1 +2 +2
months
9 months
and 3 0 0 +1 +1 +1 +1 +2
months
8 months +1
and 4 0 0 +1 +1 +1 +1

months

7 months
and 5 0 0 0 +1 +1 +1
months

6 months
and 6 0 0 0 0 0 +1 +1

months

+1 +1 +2 +2 +2 +2 +2

+1 +1 +1 +1 +2 +2 +2

Rain

6 months and 6 7 monthsand5 8 monthsand4 9 months and 3 10 months and 2 11 months and 1 12 months and
months months months months months month 0 months

Temperature

The change factor for severity is determined using the physical conditions determined when doing the
short-term analysis for rainfall and temperature. In this case rainfall was “mildly wet” and temperature
was “Near normal” (Table 11). Considering these physical conditions for rainfall and temperature, table 12

can be used to determine the severity change factor. The water utility should look for the severity for both

33



gn 3
Wewy

gef environment

i DA

the international
water association

rainfall and temperature, and find the point where they intersect. In the case of the example presented

above, the severity change factor is 0 (Table 12).

Table 11: Severity for rainfall and temperature

Severity as per the physical conditions

Rainfall Temperature
Extremely wet/dry Major increase/decrease
Very wet/dry Moderate Increase/ decrease
Moderately wet/dry Minor increase/ decrease
q/lildly wet/er
Normal Normal
Table 12: Determining the overall change factor for severity
E"“’;::e'y >175 +2 +2 +2 +1 +1 +1 +2 +2 +2
Very Wet 1;‘35' +2 +2 +1 +1 +1 +1 +1 +2 +2
M°‘:;j‘e'y 112550_ +1 +1 +1 0 0 0 +1 +1 +1
Mildly Wet lfgs' +1 +1 0 @ 0 0 0 +1 +1
Normal = 100 +1 +1 0 0 0 0 0 +1 +1
-E Mildly ory 7> +1 +1 0 0 0 0 0 +1 +1
M°d;::te'y 50-75  +1 +1 +1 0 0 0 +1 +1 +1
Very Dry 25-50 +2 +2 +1 +1 +1 +1 +1 +2 +2
E"‘;’:;‘e'y <25 +2 +2 +2 +1 +1 +1 +2 +2 +2
-3to-5 -2to-3 -1to-2 Oto-1 0 Oto1l 1to2 2to3 3to5
Major Moderate Minor Near Near Minor Moderate Major
decrease decrease decrease normal LCliaE] normal increase Increase increase
Temperature

The change factors should be added to the current value for likelihood and severity (Table 13). As
conditions are mildly wet, the water utility should focus on the hazards and hazardous events associated
with wet conditions. These aspects will be discussed in further detail in Section 9 of this guideline. If the
water utility has a current Likelihood of 2 for the hazard and the change factor for likelihood was
determined to be +1, then the new likelihood changes to 3 (moderate). If the water utility has a current

severity of 3 and a change factor of 0, then severity rating remains the same (Table 13).

34



2

s
=

%

& UNG
gef elr{'ironmé‘nt Dﬁ Vet hesteiatian

Table 13: Adding change factors to current likelihood and severity

Likelihood Severity

Current Change Factor Current Change Factor
2 +1 3 0
Amended Likelihood: Amended Severity:
2 + 1 =3 (Moderate) 3 + 0 = 3 (Moderate)

The amended risk rating will be as below (Table 14).

Table 14: New risk rating

Almost Certain
5 10 15
5
Likely
4 8 12
4
Moderate
3 6 9
3
Unlikely
<]
£ 2 4 Csj 8 10
K]
=
= Rare
1 2 3 4 5
1
Insignificant / —
Mild or Mai
orno { Moderate 3 ajor Catastrophic
minor ) 4
impact 5
2
1
Severity
Risk Score <6 6-9 10-15 >15
Risk rating Low Medium High Very High

After the change factors were added to the likelihood and severity, the risk score increased from 6 to 9
(i.e. Medium). This is indicating that the risk is medium, and the water utility should consider taking action
in order to mitigate the risk. These actions should be recorded in the water safety plan and, mitigating
measures must be implemented in the current year to reduce the risk of failure should a hazard and

hazardous event occur (i.e. in the short-term).

35



e

& UN@ _ = 1WA

g ef environment Waiar pesueiation

Note: The water utility should note in some instances, after applying the change
factors to likelihood and severity, the “new” likelihood or severity may exceed the
maximum category as presented in the risk matrix. By way of example:

Likelihood:

e f the initial condition for likelihood was 4, and
e the change factor for likelihood is for +2
e the new likelihood will be 6

OR
Severity:

e if the initial condition for severity was 5, and
e the change factor for severity is for +2
o the new severity will be 7

In these instances, the water utility should use the maximum category for
likelihood and severity used in the risk matrix. In the case of the above example,
the maximum category is 5 for both likelihood and severity.

8.2 Long-term Climate Analysis

Long-term analysis of climatic variables is necessary for utilities in order to facilitate planning for disasters
associated with climate change and to anticipate future changes in likelihood and severity of hazardous
events. This is because climate change may have an impact on a water utility’s “normal operations”, and
their ability to respond during emergency situations. Water utilities may experience wetter or drier
conditions as a result of increases or decreases in precipitation, temperature and evapotranspiration.
Long-term planning and implementation of control measures may reduce the impacts of climate related
disasters on the water utility. The Flood and Drought Portal provides climate change datasets as well
datasets of relevant climatic variables. The climate change and climatic variables datasets include (Table
15):

Table 15: List of datasets for long-term climate analysis

1  Rainfall (CRU) — Rainfall (mm/month) (CRU)
Precip. RCP45 2016-2035

Temperature — CRU Temperature C

A w N

TEMP RCP45 2016-2035
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radiative forcing target level” (Wayne, 2013).

There are four Representative Concentration Pathways (RCP), each consisting of a set of
numbers in table format. Each RCP presents a concentration trajectory for greenhouse
gases. The RCP45 climate scenario presents “a stabilization scenario in which the total

radiative forcing is stabilized shortly after 2100, without overshooting the long-run

These datasets listed in Table 15 should be added if not done thus far, as explained under Section 2: Data

overview. The user may view the graphs, maps and tables for each dataset, to get a general idea of what

the basin data looks like.

8.2.1 Steps for analysing long-term rainfall data

e Inthe dataset dialog select the Rainfall (CRU).

e Inthe “Tool” dialog select the “Table” option and download the table data for the dataset (Figure 23),

the downloaded data will be in “.csv” format and can be accessed using Microsoft excel.

S C | O www.tlooddroughtmonitor.com/data

& une 1WA

environment

gef

€=

2 v DATA AND INFORMATIC

Data x | Document
Select
Rainfall (TRMM)

O Rainfall (TRMM)
O Rainfall deviation 30-day (T

Rainfall (CRU)
infall (i

Climate change
O Precip. rcp45 2016-2035

Tool
i £5
& Table
O Raster tile
Area

Alifocus area

ocia
Table

Figure 23:Rainfall (CRU) dataset in table format

o 37 J :
AN Flood and Drought Portal M|K§f<
onai ™ Bl

‘|

Rainfall (mm/month) (CRU) - All focus area - Monthly average values L

Time Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Aveg. Min. Max. r
1901 4.4 237 228 77.9 1148 1457 1304 2253 1723 1110 15.0 37 87.2 3.7 2253
1902 14 115 60.2 1236 138.8 108.9 182.8 1844 1233 637 124 5.6 84.7 14 1844
1903 20 70 215 68.0 142.9 1129 1153 2344 1251 65.1 293 6.0 77.5 20 2344
1904 3.0 51 242 492 1258 1474 157.6 156.0 1454 80.8 13.7 9.7 765 3.0 157.6
1905 18 43 34.2 527 1034 135.0 1452 239.7 189.7 66.5 205 5.8 83.2 18 239.7
1906 44 62 18.1 99.7 1405 1533 1536 2271 188.0 1241 44.7 5.0 97.1 44 227.1
1907 3.5 7.3 27.6 49.5 97.3 130.6 1225 145.1 170.3 82.2 13.7 4.9 71.2 3.5 1703
1908 22 6.9 27.6 623 106.1 1523 2044 173.6 189.0 750 135 34 84.7 22 204.4
1909 8.3 17.5 412 96.0 1144 1527 1794 2624 196.6 106.5 16.1 74 99.9 74 2624

1910 0.0 42 18.3 821 107.8 1236 206.2 2723 203.5 64.5 54 55 911 0.0 2723 ’
1911 15 5.0 75.5 66.7 120.1 109.1 170.2 195.8 158.3 591 223 58 825 15 195.8

1912 25 124 194 68.8 717 124.0 146.4 194.2 169.1 68.5 6.9 9.6 745 25 194.2 ’

1913 22 18.1 9.5 69.4 911 105.5 156.6 249.1 183.7 54.9 72 3.8 793 22 2491 [

1914 18 6.6 222 457 80.1 1185 1207 175.0 182.2 101.9 225 48 735 18 182.2 t
1915 0.3 31 63.0 58.1 136.2 129.7 171.0 169.7 1513 74.6 14.2 48 813 0.3 171.0
1916 0.1 1.9 338 63.0 96.7 155.3 169.4 246.9 1518 785 34.4 15 86.1 0.1 246.9

1017 na 174 240 705 1929 1050 1024 2020 2414 A& M4 70 VY 70 ELERY b
- E— = : o

computer.

Note: When opening the downloaded files, the data may appear in one single column. It is very
important that the data be separated, before the analysis starts (Figure 24). This may not always

occur and it is largely dependent on the Version of the Microsoft Office software on your
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1902,1.4,11.5,60.2,123.6,138.8,108.9,182.8,184.4,123.3,63.7,12.4,5.6,84.7,1.4,184.4
1903,2.0,7.0,21.5,68.0,142.9,112.9,115.3,234.4,125.1,65.1,29.3,6.0,77.5,2.0,234.4
1904,3.0,5.1,24.2,49.2,125.8,147.4,157.6,156.0,145.4,80.8,13.7,9.7,76.5,3.0,157.6
1905,1.8,4.3,34.2,52.7,103.4,135.0,145.2,239.7,189.7,66.5,20.5,5.8,83.2,1.8,239.7
1906,4.4,6.2,18.1,99.7,140.5,153.3,153.6,227.1,188.0,124.1,44.7,5.0,97.1,4.4,227.1

gk 1913,2.2,18.1,5.5,65.4,91.1,105.5,156.6,249.1,183.7,54.5,7.2,3.8,79.3,2.2,245.1
gl:j 1514,1.8,6.6,22.2,45.7,80.1,118.5,120.7,175.0,182.2,101.9,22.5,4.8,73.5,1.8,182.2
¥y 1915,0.3,3.1,63.0,58.1,136.2,129.7,171.0,169.7,151.3,74.6,14.2,4.8,81.3,0.3,171.0
=8 1916,0.1,1.9,33.8,63.0,96.7,155.3,165.4,246.9,151.8,78.5,34.4,1.5,86.1,0.1,246.9
g4 15917,10.3,17.4,24.5,39.5,128.2,105.9,193.4,298.9,241.4,66.2,22.6,7.0,36.3,7.0,258.9
) 1918,0.3,2.4,46.7,55.8,120.1,163.6,193.5,184.5,156.1,85.1,35.4,19.2,88.5,0.3,193.5
4l 1915,2.2,6.6,459.3,50.6,123.3,124.4,132.6,131.5,178.5,81.8,13.3,0.8,74.6,0.8,178.5
8 1920,0.2,11.2,15.2,64.7,96.7,121.2,160.9,186.7,175.5,53.3,26.5,2.0,76.2,0.2,186.7
=) 1921,0.5,11.9,29.2,45.3,82.1,119.0,170.6,223.7,206.9,62.8,26.0,2.2,82.0,0.5,223.7
253 1922,0.9,10.4,15.4,92.5,98.4,104.3,138.6,178.1,236.8,102.1,33.2,5.7,84.7,0.5,236.8
5 1923,6.3,5.4,45.0,87.5,79.5,120.5,152.7,155.6,186.3,76.8,20.6,5.9,78.8,5.9,186.3

292
s

Figure 24: Rainfall CRU data appearing in one column

If your data appears in one column, the data can be separated into multiple columns using the following

steps:

e  Select column A in the spreadsheet then click the “Data” tab in excel.

e |n the data tools Select “Text to Columns”.

e Inthe Window that opens choose “Delimited”, then click next.

e |n delimiters check the box marked “Comma” and uncheck the “Tab” box.

e  Then click “Finished”.

The data should be separated into individual columns (Figure 25).
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Time Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Avg. Min. Max.

3 | 1901 4.4 23.7 22.8 77.9 114.8 145.7 130.4 225.3 172.3 111.0 15.0 3.7 87.2 3.7 225.3
4 | 1902 1.4 11.5 60.2 123.6 138.8 108.9 182.8 184.4 123.3 63.7 124 5.6 B84.7 1.4 184.4
EN 1903 2.0 7.0 21.5 63.0 142.9 112.9 115.3 234.4 125.1 65.1 29.3 6.0 71.5 2.0 2344
6 | 1904 3.0 5.1 24.2 49.2 125.8 1474 157.6 156.0 145.4 80.8 13.7 9.7 76.5 3.0 157.6
7] 1905 1.8 4.3 34.2 52.7 103.4 135.0 145.2 239.7 189.7 66.5 20.5 5.8 83.2 1.5 239.7
8 | 1906 4.4 6.2 181 99.7 140.5 153.3 153.6 2271 188.0 1241 44.7 5.0 97.1 4.4 2271
9 | 1307 3.5 7.3 27.6 49.5 97.3 130.6 122.5 145.1 170.3 B82.2 13.7 4.9 71.2 3.5 170.3
10 | 1908 2.2 6.9 27.6 62.3 106.1 152.3 204.4 1736 189.0 75.0 13.5 3.4 B84.7 2.2 204.4
11| 1909 8.3 17.5 41.2 96.0 114.4 152.7 1794 262.4 136.6 106.5 16.1 7.4 99.9 7.4 262.4
12 | 1910 0.0 4.2 18.3 821 107.8 123.6 206.2 272.3 203.5 64.5 5.4 5.5 91.1 0.0 272.3
13 | 1911 1.5 5.0 75.5 66.7 120.1 109.1 170.2 195.8 158.3 59.1 22,3 5.8 B82.5 1.5 185.8
14 | 1912 2.5 12.4 15.4 68.8 71.7 124.0 146.4 194.2 169.1 68.5 6.9 9.6 74.5 2.5 154.2
15 | 1913 2.2 13.1 9.5 69.4 911 105.5 156.6 245.1 183.7 54.9 7.2 3.8 79.3 2.2 249.1
16 | 19514 1.8 6.6 22.2 45.7 80.1 118.5 120.7 175.0 182.2 1019 22,5 4.8 73.5 1.8 182.2
17 | 1915 0.3 3.1 63.0 38.1 136.2 129.7 171.0 169.7 151.3 74.6 14.2 4.8 B81.3 0.3 171.0
18 | 1916 0.1 1.9 33.8 63.0 96.7 155.3 169.4 246.9 151.8 78.5 34.4 1.5 86.1 0.1 246.9
19 | 1917 10.3 17.4 24.9 39.5 128.2 105.9 193.4 2938.9 241.4 66.2 22.6 7.0 96.3 7.0 293.9
20 | 1918 0.3 2.4 46.7 59.8 120.1 163.6 193.5 184.9 156.1 85.1 354 19.2 88.9 0.3 193.5
21 | 1919 2.2 6.6 438.5 30.6 123.3 1244 132.6 131.5 178.5 818 13.3 0.8 74.6 0.8 178.5
22 | 1920 0.2 11.2 15.2 64.7 96.7 121.2 160.9 186.7 175.5 53.3 26.5 2.0 76.2 0.2 186.7
23 | 1921 0.5 11.9 29.2 49.3 82.1 119.0 170.6 223.7 206.9 62.8 26.0 2.2 82.0 0.5 223.7
24 | 1922 0.9 10.4 15.4 92.9 98.4 104.3 138.6 178.1 236.8 102.1 33.2 5.7 84.7 0.9 236.8
25 | 1923 6.3 9.4 45.0 87.5 79.5 120.5 152.7 155.6 186.3 76.8 20.6 5.9 78.8 5.9 136.3
26 | 1924 4.0 13.1 47.5 71.4 84.8 165.6 182.7 158.6 210.2 84.0 13.7 5.9 86.8 4.0 210.3
27 | 1925 0.0 8.2 42.5 64.3 114.8 137.5 163.6 212.5 220.1 132.5 36.4 1.7 94.5 0.0 220.1

Figure 25: Rainfall CRU data separated into individual columns

e  Next select the “Precip. RCP45 2016-2035” dataset and in the “Tool” dialog select and download
“Time series” option. The downloaded datasets will download in “.csv” format which can be accessed

using Microsoft Excel (Figure 26).

= waler

Chart
# v DATA AND INFORMATIC
Data x | Document 1m ém 1y All Zoom: click-drag ~ Pan: shift-click-drag
Select Precip. rcp45 2016-2035 - All focus area — member_1
— member_2
Rainfall (TRMM) — member_3
O Rainfall (TRMM) 4.00 faerco
O Rainfall deviation 30-day (TH member_é
Rainfall (CRU) 350 ~members
emRanalinnmeni) CRU — member_9
Climate change 3.00 — member_10
& Precip.rcp45 2016-2035
8 2.50
Tool 8
& 2.00
:
e ya £ 150
O Raster file . |
Area ey E
Allfocus area 0.50
& Down| 0.00
Feb . Apr . Jun . Aug . Oct . Dec

Figure 26: Precip. RCP45 time series data

The dataset “Precip. RCP45 2016-2035” is delta change factors. The delta change factor is the ratio
between General Circulation Models (GCM) simulations of future and current climate. It is used to obtain

future regional conditions by multiplying the delta change factor by the corresponding average
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precipitation for each month. For example, if delta change is 3 in February for “Precip. RCP45 2016-2035",

this means that there is a possibility that current average rainfall will be 3 times the volume in February.

e  The data should be separated into columns (if not automatically done).

e In order to separate the data, follow the same steps as described above. It should be noted that the
RCP45 should be transposed so that the months appear at the top of the data and the “member” on
the left of the data. To transpose the data:

e Select all the data in the RCP45 dataset

e Right click and copy the data

e Select the place in the spreadsheet where you want the transposed data placed and right
click, under the paste options choose transpose. The data should be transposed (Figure

27).

Time member_1 member_2 member_3 member_d member_5 member_& member_7 member_& member_3 member_10§
2026-01-16 00:00:§ 0.043 0.904 3.038 .91 1255 1567 1945 0.1 0.536 0.178
2026-02-15 00:00) 0. 433 1.834 1465 0.605 171 1287 2433 0.523 0.633
2026-03-16 00:00) 1.174 1317 0.725 0.733 1243 0572 0.E6S 0. 765 0584
2026-04-16 00:00)1.071 114 . 1.083 1M 1074 1106 0.930 0.869
2026-05-15 00:00 0.973 1112 1.002 1.056 0.952 0.5580 0.344 1026
2026-06-15 00:00) 1046 0.960 1165 0.330 0.3430 0.3a7 1065
2026-07-16 00:00) 1. 1.003 1.003 0.965 1126 1013 1067 1.021
2026-08-15 00:00) 1. 0.966 1.036 0.932 1305 1.035 1.00% 1074
2026-03-16 00:00) 1. 0.39zz2 1105 0.963 1208 1.041 0.9m 0539
2026-10-16 00:00:4 1. 0.658 1314 0.758 1133 0.599 1157 0.E62
2026-11-16 00: 00: 0.563 3.543 1233 0.647 1.257 0.364 0.495
2026-12-16 00:00; 2481 0722 0.476 0.515 0.212 3.862 2.502

Time 2026-01-1 2026-02-" 2026-03-" 2025-0d~ 2026-05-" 2026-06-" 2026-07-" 2026-05-" 2026-09-" 2026-10-16 2025-11- 2026-12-1600:00:00 |
member_1 0.043 0.453 1174 107 0.530 0.550 1.047 1032 103 1077 0470 3628
member_& 0.304 18534 1817 114 0.373 0.310 0.335 1.060 1146 1519 0.3 0154
member_3 3.035 1465 0.725 1.280 0.333 0.365 1.001 1.036 0.331 0.813 2051 1M
member_d 0an 1423 0.737 110 11z 1.046 1.003 0.566 0.3zz2 0.655 0563 24581
member_5 1256 0.605 0.735 1.083 1002 0.360 1.003 1.036 1105 1314 3545 0722
member_f 1567 1714 1.243 1171 1.056 1168 0.365 0.932 0.365 0.758 12393 0476
member_7 1345 1287 0.572 1014 0.352 0.830 1126 1.305 1208 1133 0647 0515
member_& 0.621 2439 0.665 1106 0.480 0.330 1013 1.035 1041 0.5633 1257 0212
member_3 0.886 0.523 0.765 0.330 0.344 0.337 1.067 1.005 031 1157 0.964 3862
member_10 0.175 0.633 0.883 0.869 1026 1.065 1021 1.074 0.333 0.662 0435 2502

Figure 27: Transposed RCP45 data. Note that dates and members have switched positions after applying the transpose

function

e  The transposed RCP45 data should be copied and moved to the spreadsheet containing the sorted
Rainfall (CRU) data. Paste the transposed data in columns “R” to “AD”. This step should be done as

predicted changes in precipitation are calculated using both the datasets.
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referred to as ensemble members.

What are members, and why is the data described to me as members?

The RCP45 2016-2035 datasets form part of an ensemble of delta change factors. Instead of
doing a single forecast, the forecast is done 10 times for each month. Each forecast has
slightly different starting conditions, because the delta change factors vary. The complete

set of forecasts is referred to as the ensemble, and the individual forecasts within it are

e Expand the table using the same steps as described earlier (see short-term rainfall analysis). The

labels for each column should be as follows:

Al121 -Time

A122 to A131 — add the labels “member_1" to “member_10"

B121 to M121- Add the months from January to December

A132 — Monthly projected average rainfall (mm/month)

A133 - 25" percentile
A134 — 75" percentile
A135 — Median

A136 — Percent of normal (%)

The processed data will be done in this table (Figure 28).

121 i January

February

March

April

May

June

July

August

September

October

November

December

g member_1
aPEl member_2

2
2] member_3
g5} member_4
8 member_5
P4 member 6
2

gt member_7
g member_8

il member_3

jE3E member_10

472 Monthly projected average rainfall (mm/month)

QEE] 25th percentile

4=LY 75th percentile
iER Median

Percent of normal (%)

Figure 28: Expanded table wherein long-term data will be processed

The downloaded Rainfall (CRU) data contains the annual averages, maximums and minimums and the long-

term monthly averages, maximums and minimum. The statistic of interest in this instance is the long-term

monthly averages. The steps and equations are as follows:

e  Select the cell B122 (under the label January) in the spreadsheet
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e  Enter the following formula:
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Where SB$114 is the long-term average for January and S2 is the RCP45 value for “member_1” for January.

for January (Figure 29).

Note: that the “S” symbol is required as it ensures that the equation always uses the

value in cell B114 as the long-term average value when calculating projected changes

Time

member 1

Janu

ary

=52*$BS114

Figure 29: The Equation as it should be entered when performing calculations to determine projected changes

e Perform this calculation from member_1 to member_10 in the month of January to

determine the projected changes for the month of January

e Next apply this method for the rest of the months using the corresponding long-term monthly average

and members for each month.

The table with the calculated climate projections should look as below (Figure 30).

1 January |February |March April May June July August  |September |October [November [December
g4 member_1 0.13 4.69 38.74 71.22 94.43 115.46| 175.06 211.04 198.34 89.39 7.57 19.59
L=5] member_2 2.35 18.37, 59.96 75.88 103.87| 119.39 166.36 216.77| 208.34 126.08 14.51 0.99
g2 member_3 7.90 14.21 23.93 85.12 98.99| 126.61| 167.37| 211.86 172.89 67.48 33.02] 6.00
45 member_4 2.37 13.86 24.32 73.82 117.98| 137.24] 168.70 197.55 167.62 54.61 9.16 13.40
g member 5 3.27| 5.87| 26.33 72.02 106.31 125.95 168.70 211.86 200.89 109.06 57.14 3.90]
127 member_6 4.07] 16.63 41.22] 77.87 112.04] 153.24] 161.35 202.86! 175.98 62.91 20.82 2.57
gi2:] member_7 5.06] 12.48 18.88 67.43| 102.07| 122.02| 188.27| 266.87 219.61 94.54 10.42 2.78
§&] member 8 1.61 23.66 22.04 73.55 93.37 129.89 169.37| 211.66! 189.25 74.62 20.24 1.14]
gy member 9 2.30 5.13 25.25 65.84 100.16 129.49 178.40 205.52 165.62] 96.03 15.52 20.85
il member_10 0.46 6.14 29.34 57.79 108.86 139.73 170.71 219.63 170.71 54.95 7.97 13.51
{24 Monthly projected average rainfall (mm/month)

REE] 25th percentile

gEL] 75th percentile

LR Median

gld Percent of normal (%)

Figure 30: Table with climate projections

e  Finally determine the projected average for each month using the average function in excel. In cell

B132 insert the following formula:

= Average (B122: B131)

Where the range B122:B131 is the projected values for January for all the members for the month of

January (Figure 31).
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g8l Time January |February |March April May June July August [September [October |November |December
= member_1 0.13 4.69 38.74 71.22 94.43 115.46 175.06 211.04 198.34 89.39 7.57 19.59
123} member_2 2.35 18.37, 59.96 75.88 103.87 119.39 166.36 216.77| 208.34 126.08 14.51 0.99
124 member_3 7.90] 14.21 23.93 85.12 98.99 126.61 167.37| 211.86 172.89 67.48 33.02 6.00
{5 member_4 2.37 13.86 24.32 73.82 117.98 137.24 168.70, 197.55 167.62 54.61 9.16 13.40
g member_5 3.27] 5.87, 26.33 72.02 106.31 125.95 168.70, 211.86 200.89 109.06 57.14 3.90
44 member_6 4.07| 16.63 41.22] 77.87 112.04] 153.24 161.35 202.86 175.98 62.91 20.82 2.57
il member_7 5.06 12.48 18.88 67.43 102.07| 122.02 188.27| 266.87| 219.61 94.54 10.42 2.78
gzl member_8 1.61 23.66 22.04 73.55 93.37 129.89 169.37| 211.66! 189.25! 74.62 20.24 1.14
gl member 9 2.30] 5.13 25.25 65.84 100.16 129.43 178.40| 205.52! 165.62 96.03 15.52 20.85
gEil member_10 0.46 6.14 29.34 57.79 108.86 139.73 170.71 219.63 170.71 54.95 7.97 13.51
g2 Monthly projected average rainfall (mm/month) 2.95 12.10 31.00 72.05| 103.81| 129.90| 171.43| 215.56! 186.93 82.97| 19.64 8.47
LEE] 25th percentile

QL) 75th percentile

LEE] Median

L3 Percent of normal (%)

Figure 31: Projected data with monthly projected averages

The data in the above table shows the range of possibilities of rainfall volume in the future under the

RCP45 climate scenario, and each projection is equally likely to occur.

8.2.2 Plotting graphs for projected rainfall

The data has to be plotted into two graphs. The first graph will indicate the 25" and 75" percentiles and

the median. This graph is important as it will give the user an idea of the uncertainty around the median.

It is important to know that there is some uncertainty as these are climate projections and not actual

estimates. The second graph will indicate the monthly average of the observed data over the long-term,

and the monthly average of the projected data. This will be a graphical indication as to what projected

conditions may look like on a monthly basis.

Before the graph can be plotted the 25" and 75" percentiles and the median of the projected data have

to be determined

e Determine the 25" percentile for each month using the below formula

= PERCENTILE(B122: B131;0.25)
Where the range B122:B131 is the projections for the month, and 0.25 is the 25" percentile

e Determine 75" percentile for each month using the below formula

= PERCENTILE(B122:B131;0.75)
Where the range B122:B131 is the projections for the month, and 0.75 is the 75 percentile

e Determine the Median for each month using the below formula

= MEDIAN (B122:B131)
Where the range B122:B131 is the projected median for the month

The table should look as below (Figure 32).
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January |February |March August October |November |December
0.13 4.69 38.74 71.22 94.43 115.46 175.06 211.04 198.34 89.39 7.57| 19.59
2.35] 18.37, 59.96 75.88 103.87| 119.39 166.36 216.77 208.34 126.08 14.51 0.99
7.90] 14.21 23.93 85.12] 98.99 126.61 167.37| 211.86 172.89 67.48 33.02 6.00|
2.37] 13.86) 24.32 73.82 117.98 137.24 168.70 197.55! 167.62) 54.61 9.16] 13.40
3.27 5.87] 26.33 72.02 106.31 125.95 168.70 211.86 200.89 109.06 57.14] 3.90
4.07| 16.63 41.22] 77.87 112.04 153.24 161.35 202.86 175.98 62.91 20.82 2.57
5.06! 12.48 18.88 67.43 102.07, 122.02 188.27| 266.87| 219.61 94.54 10.42 2.78
1.61 23.66 22.04 73.55 93.37| 129.89 169.37| 211.66 189.25 74.62 20.24 1.14]
2.30] 5.13 25.25 65.84 100.16, 129.43 178.40 205.52 165.62 96.03 15.52 20.85
0.46/ 6.14] 29.34 57.79 108.86 139.73 170.71] 219.63 170.71 54.95 7.97| 13.51
E7d Monthly projected average rainfall (mm/month) 2.95 12.10) 31.00 72.05 103.81| 129.90| 171.43 215.56 186.93 82.97 19.64 8.47,
1.96 6.00] 24.12 69.33 99.57| 123.98 168.04 208.28 171.80 65.20 9.79 2.68
3.67 15.42 34.87 74.85 107.59 133.57 173.24 216.17| 199.62 95.28 20.53 13.45
2.37| 12.48 26.33 72.05 103.81 129.49 169.37 211.86 186.93 82.97 15.52 6.00

Figure 32: Table with percentiles and median

The percentiles and median have to put into a graph.

e Select the data and labels for the 25 percentile, 75" percentile and the median

e Gotoinsert, and under “Charts” select “Line”

e This should generate the graph. However, the graph will not have the months added
e To add the montbhs, right click on the graph, and choose select data

e Inthe “Horizontal (Category) Axis Labels” click edit

e Select the months as the “Axis label range”

e The final graph should be as below (Figure 33)

Percentiles and Median
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Figure 33: Graph indicating the percentiles and the median.
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The above graph indicates that there is very little uncertainty in the months from March to July. Whereas,

the months from August to November have the most uncertainty.

In order to plot graph long-term averages with the projected averages follow the below steps:

e Select the long-term averages for the Rainfall (CRU) dataset

e Gotoinsert, and under “Charts” select “Line”

e This should generate the graph. However, the graph will not have the monthly projected averages
added nor the months

e To add the monthly projected averages, right click on the graph and click select data

e Inthe Legend Entries (Series) click add

e Select the monthly projected averages as the data range

e To add the montbhs, right click on the graph, and choose select data

e Inthe “Horizontal (Category) Axis Labels click edit

e Select the months as the “Axis label range”

e The final graph should be as below (Figure 34)

Long-term monthly averages vs Projected monthly averages
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Figure 34: Graph indicating the long-term averages versus the monthly projected averages

Based on a visual analysis the above graph indicates the projected monthly rainfall is expected to be
variable, with the months from July to September December indicated projected monthly rainfall to be
above the long-term mean. However, the visual analysis should only be used to get a general idea as to

the expected future conditions. The user should note that the data presented in Figure 34 only provides
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information on monthly projections and possible extremes that could be experienced during each month.

The data presented in Figure 34 does not provide information for days or periods with extremes.

In order to determine the likelihood of conditions increasing or decreasing, the number of times the
projected conditions are above or below the long-term average should be counted. However, the user has
to determine the number of times the monthly projected average is above the long-term mean. In order

III

to do this the “percent of normal” should be calculated.

The “percent of normal” will be calculated for each month. This will indicate to the user if the projected
rainfall is expected to be more than, less than or equal to the long-term average/mean (the average

monthly long-term rainfall in this case is considered “normal rainfall”).

III

e |norder to calculate the “percent of normal” insert the following equation into excel:

= (B132/B114) 100

where B132 is the monthly projected rainfall for the month, and B114 is the monthly long-term average.
Multiplying by 100 will give the answer as a percentage. In order to determine the overall percent of

normal for the projected monthly rainfall, the average of the percent of normal should be calculated.

The “Percent of normal (%)” calculates the percentage increase or decrease observed in rainfall relative to

the average/mean.

e If the percent of normal is greater than 100 then projected rainfall for that month is expected to
exceed the mean, if the percent of normal is less than 100 then projected rainfall for that month is
expected to be less than the mean

e Count the number of times the percent of normal exceeds 100, and count the number of times the

percent of normal is less than 100 (Figure 35)

iFal Time January [February |March April May June July August |September |October [November |December

g4 member_1 0.13 4.69 38.74 71.22 94.43 115.46 175.06 211.04] 198.34/ 89.39 7.57 19.59
& member 2 2.35 18.37| 59.96 75.88 103.87| 119.39 166.36 216.77| 208.34 126.08| 14.51 0.99
2 member_3 7.90 14.21 23.93 85.12 98.99 126.61 167.37| 211.86 172.89 67.48 33.02 6.00
i8] member_4 2.37| 13.86 24.32 73.82 117.98 137.24 168.70 197.55 167.62 54.61 9.16 13.40
g member_5 3.27] 5.87] 26.33 72.02 106.31 125.95 168.70! 211.86 200.89! 109.06 57.14 3.90
244 member_6 4.07| 16.63 41.22 77.87 112.04| 153.24 161.35 202.86 175.98 62.91 20.82 2.57
2 member_7 5.06 12.48 18.88 67.43 102.07| 122.02 188.27| 266.87, 219.61 94.54 10.42 2.78
gl member_8 1.61 23.66 22.04 73.55 93.37 129.89 169.37| 211.66 189.25 74.62 20.24] 1.14
gl member_9 2.30 5.13 25.25 65.84 100.16 129.49 178.40! 205.52] 165.62! 96.03 15.52 20.85
131 member_10 0.46 6.14 29.34 57.79 108.86 139.73 170.71] 219.63 170.71 54.95 7.97 13.51
4EE Monthly projected average rainfall (mm/month) 2.95 12.10 31.00! 72.05 103.81 129.90 171.43 215.56 186.93 82.97 19.64 8.47|
REE] 25th percentile 1.96 6.00 24.12 69.33 99.57 123.98 168.04/ 208.28| 171.80! 65.20 9.79 2.68
gL1 75th percentile 3.67 15.42 34.87| 74.85 107.59 133.57| 173.24 216.17| 199.62! 95.28 20.53 13.45
135 Median 2.37 12.48 26.33 72.05 103.81 129.49 169.37| 211.86 186.93 82.97 15.52 6.00/
i3 Percent of normal (%) 113.57, 124.78 93.94 108.35 97.84 99.01 102.53 105.41 102.82 99.96 121.96 156.93

Figure 35: Delta change table with percent of normal calculated
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= Average(B136: M136)

Where the range B136:M136 is the percent of normal for projected monthly values for January to

December

(Figure 36)

This will indicate to the user if the overall projected rainfall is expected to be above or below the mean

EAl Time January |February |March  |April May June July August  |September |October |November [December
24 member 1 0.13 4.69 38.74] 71.22 94.43 115.46 175.06 211.04] 198.34/ 89.39 7.57 19.59
gPE] member 2 2.35 18.37 59.96/ 75.88| 103.87| 119.39| 166.36] 216.77 208.34|  126.08] 14.51 0.99
2 member 3 7.90] 14.21 23.93 85.12 98.99 126.61 167.37| 211.86| 172.89 67.48 33.02 6.00
45 member 4 2.37 13.86 24.32 73.82| 117.98| 137.24| 168.70| 197.55 167.62 54.61] 9.16 13.40
126 member_5 3.27| 5.87 26.33 72.02 106.31 125.95 168.70 211.86| 200.89 109.06 57.14 3.90
1744 member 6 4.07 16.63 41.22 77.87| 112.04] 153.24| 161.35| 202.86 175.98 62.91 20.82 2.57|
g2 member_7 5.06 12.48 18.88 67.43 102.07) 122.02| 188.27| 266.87| 219.61 94.54 10.42 2.78
sl member 8 1.61 23.66 22.04 73.55 93.37 129.89 169.37| 211.66 189.25 74.62 20.24 1.14]
il member 9 2.30 5.13 25.25 65.84| 100.16] 129.49| 178.40| 205.52 165.62 96.03 15.52 20.85
131 member_10 0.46 6.14] 29.34 57.79 108.86| 139.73 170.71 219.63 170.71 54.95 7.97| 13.51
LR Monthly projected average rainfall (mm/month) 2.95 12.10 31.00 72.05| 103.81| 129.90] 171.43| 215.56| 186.93 82.97 19.64] 8.47|
LEE] 25th percentile 1.96 6.00 24.12 69.33 99.57| 123.98| 168.04| 208.28 171.80] 65.20 9.79 2.68
Rl 75th percentile 3.67 15.42 34.87| 74.85 107.59 133.57| 173.24] 216.17| 199.62! 95.28 20.53 13.45
LR Median 2.37| 12.48 26.33 72.05 103.81) 129.49 169.37| 211.86 186.93 82.97 15.52 6.00
1[5 Percent of normal (%) 113.57 124.78 93.94 108.35 97.84 99.01 102.53 105.41 102.82 99.96 121.96 156.93
Average of percent of normal % 110.59

Figure 36: Final table for long-term rainfall analysis

In the case of the above example the projected likelihood indicates that 8 of the projected points are above

the average/mean. The rainfall amount has increased to 110.59% of average/mean, using table 6 the

severity was determined to be mildly wet.

8.2.3 Steps for analysing long-term temperature data

e Inthe dataset dialog select the Temperature (CRU).
o n H o ” H H
e Inthe “Tool” dialog select the “Table” option and download the table data for the dataset (Figure 37),
H H “" 27 H H
the downloaded data will be in “.csv” format and can be accessed using Microsoft excel.
T
Data x | Document S Table
Select MI CRU Temperature C - All focus area - Monthly average values
RDai"fa" (TRMM) Time Jan. Feb. March = April May June July Aug. Sept. Oct. Nov. Dec. Ave. Min. Max.
Rainfall (TRMM) - -
01 Rainfall deviation 30-day (TRMM) 1901 234 283 288 30.0 280 280 265 259 265 27.9 276 239 271 234 30.0
ove——— 1902 243 279 298 3.9 303 261| 266 262 261 259 280| 259 274 243 319
& CRU Tempersture C 1903 261 287 302 308 297 278 289 255 289 283 272| 259 277 255 303
1904 257 274| 304 306 301 283 263 259 268 283 277| 264 278 257 3046
U TEMP rep45 2016-2035 1905 250 256 289 310 29.7 27.1 265 251 261 278 283 267 273 250 310
— 1906 253 274| 306 328 299 281| 258 248 271 280| 276| 265 278 248 328
: 1907  256| 261| 288 298| 303 275 272| 254| 267 295| 277| 249 275 249 303
Time series 1908  258| 275 296 312 308 288| 271 252 266  27.5| 267| 253 277 252 312
1909 260 297| 327 308 294 261| 251 240| 264 265 278| 260 276 240 327
1910 243| 285 304 304| 299 293 270| 260| 268 274 277| 264 278 243 30.1
Area 1911 255| 278| 296 306 290  263| 265 253 260 270 27| 245 274 245 3046
Allfocus ares 1912 25.9 286 300 316 298 27.9 27.3 262 270 27.4 261 259 278 259 316
& Downloal 1913 264 283 28.0 303 30.2 294 28.5 278 282 271 244 242 277 242 30.3
1914 286 279 295 304 31.2 294 276 255 26.6 28.0 287 255 282 255 31.2
1915 232 264 314 291 29.6 260 266 257 255 26.2 262 244 267 232 314
1916 230 251 297 28.6 28.1 263 266 241 240 253 240 262 259 230 297
1017|  okal  om7| o7l omal o974l &4 oac|  osol  aazl szl  oenl ozl szl s2a ona

Figure 37: Temperature (CRU) dataset in tabular format
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Time,Jan.,Feb..March,April,May,June, July,Aug., Sept.,Oct., Nov.,Dec., Avg., Min.,Ma
1501,23.4,28.3,28.8,30.0,28.0,28.0,26.5,25.9,26.5,27.9,27.6,23.5,27.1,23.4,30.0
15902,24.3,27.9,29.8,31.9,30.3,26.1,26.6,26.2,26.1,25.9,28.0,25.5,27.4,24.3,31.9
1903,26.1,28.7,30.2,30.8,29.7,27.8,25.9,25.5,25.9,28.3,27.2,25.9,27.7,25.5,30.8

BEY 1911,25.5,27.8,29.6,30.6,29.0,26.3,26.5,25.3,26.0,27.0,27.1,24.5,27.1,24.5,30.6
B2 1912,25.9,22.6,30.0,31.6,29.8,27.9,27.3,26.2,27.0,27.4,26.1,25.9,27.8,25.9,3L6
1) 1913,26.4,28.3,28.0,30.3,30.2,29.4,28.5,27.8,28.2,27.1,24.4,24.2,27.7,24.2,30.3
NI 1914,28.6,27.9,29.5,30.4,31.2,29.4,27.6,25.5,26.6,28.0,28.7,25.5,28.2,25.5,31.2
Wl 1915,23.2,26.4,31.4,29.1,29.6,26.0,26.6,25.7,25.5,26.2,26.2,24.4,26.7,23.2,31.4
3 1916,23.0,25.1,29.7,28.6,28.1,26.3,26.6,24.1,24.0,25.3,24.0,26.2,25.9,23.0,29.7
REN 1917,26.4,28.7,27.5,28.8,27.4,26.1,26.5,25.9,24.3,25.5,23.0,25.2,26.3,23.0,28.8

1918,24.5,23.9,26.0,29.1,27.9,27.8,26.2,23.3,24.0,20.7,25.9,26.0,26.0,23.3,29.1

el 1919,26.3,28.9,30.2,30.5,29.6,27.8,26.2,25.8,26.2,27.8,27.6,26.3,27.8,25.8,30.5
M 1920,26.3,28.9,30.4,30.7,29.8,27.9,26.3,25.8,26.3,27.8,27.4,26.2,27.8,25.8,30.7
PE 1921,26.2,28.8,30.5,30.6,29.5,27.6,26.4,25.9,26.4,28.0,27.5,26.2,27.8,25.9,30.6
e 1922,26.4,28.9,30.6,30.6,29.8,28.0,26.4,23.5,23.5,26.0,25.9,24.8,27.0,23.5,30.6

Figure 38: Temperature (CRU) data appearing in one column

the international
water association

If your data appears in one column, the data can be separated into multiple columns using the following

steps:

e  Select column A in the spreadsheet then click the “Data” tab in excel.

e Under the data tools Select “Text to Columns”.

e Inthe Window that opens choose “Delimited”, then click next.

e  Under delimiters check the box marked “Comma” and uncheck the “Tab” box.

e  Then click “Finished”.

The data should be separated into individual columns (Figure 39)
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1

) Time Jan. Feb.
3 1901 23.4 28.3
4 1902 24.3 27.9
5 1903 26.1 23.7
6 1504 25.7 274
7 1505 25.0 25.6
8 1906 25.3 274
9 1907 25.6 26.1
[ 1908 25.8 27.5
1 1509 26.0 29.7
2 1510 24.3 28.5
3 1911 25.5 27.8
4 1912 25.9 23.6
5 1913 26.4 23.3
6 1514 28.6 27.9
7 1915 23.2 26.4
8 1916 23.0 25.1
9 1917 26.4 23.7
20 1918 24.5 23.9
1 1919 26.3 238.9
2 1920 26.3 23.9
3 1921 26.2 28.8
4 1922 26.4 23.9
5 1923 25.8 27.6
6 15924 25.7 30.0
7 1925 23.2 27.9
8 1926 25.8 28.3
29 1927 24.1 27.7

March

28.8
29.8
30.2
30.4
28.9
30.6
28.8
29.6
327
30.1
29.6
30.0
28.0
29.5
314
29.7
27.5
26.0
30.3
30.4
30.5
30.6
29.7
311
30.7
30.0
28.7

April May
30.0 28.0
319 30.3
30.8 29.7
30.6 30.1
310 29.7
32.8 23.9
29.8 30.3
31.2 30.8
30.8 234
30.1 29.9
30.6 23.0
316 29.8
303 30.2
304 312
29.1 29.6
28.6 28.1
28.8 27.4
29.1 27.9
305 29.6
30.7 29.8
30.6 23.5
30.6 29.8
28.7 28.8
30.2 234
31.2 29.8
30.2 23.1
30.4 28.8

June
28.0
26.1
27.8
28.3
271
28.1
27.5
28.8
26.1
29.3
26.3
27.9
29.4
294
26.0
26.3
26.1
27.8
27.8
27.9
27.6
28.0
27.6
274
27.0
26.8
26.6

July
26.5
26.6
25.9
26.3
26.5
25.8
27.2
27.1
25.1
27.0
26.5
27.3
28.5
27.6
26.6
26.6
26.5
26.2
26.2
26.3
26.4
26.4
26.0
25.7
26.3
25.6
25.9

26.2
25.5
259
25.1
24.8
25.4
25.2
24.0
26.0
25.3
26.2
27.8
25.5
25.7
24.1
25.9
23.3
25.8
25.8
25.9
23.5
25.0
25.3
25.7
26.2
24.4

Sept. Oct. Nov. Dec.
26.5 27.9 27.6 23.9
26.1 25.9 28.0 25.9
25.9 28.3 27.2 25.9
26.8 28.3 27.7 26.4
26.1 27.8 28.3 26.7
27.1 28.0 27.6 26.5
26.7 29.5 27.7 24.9
26.6 27.5 26.7 25.3
26.4 26.5 27.8 26.0
26.8 27.4 27.7 26.4
26.0 270 27.1 24.5
27.0 27.4 26.1 25.9
28.2 27.1 24.4 24.2
26.6 28.0 28.7 25.5
25.5 26.2 26.2 24.4
24.0 25.3 24.0 26.2
24.3 25.5 23.0 25.2
24.0 26.7 25.9 26.0
26.2 27.8 27.6 26.3
26.3 27.8 274 26.2
260.4 28.0 27.5 26.2
23.5 26.0 25.9 24.8
25.8 27.5 27.2 26.6
25.9 27.7 27.3 25.5
26.1 26.9 27.2 254
26.8 28.2 27.2 26.3
25.8 26.9 26.7 25.2

Figure 39: Temperature (CRU) data separated into individual columns

Avg.

271
27.4
27.7
27.8
27.3
27.8
27.5
27.7
27.6
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e Nextselectthe “TEMP. RCP45 2016-2035” dataset and in the “Tool” dialog select and download “Time

series” option. The downloaded datasets will download in “.csv” format which can be accessed using

Microsoft Excel.

e

Data x | Document

Select

Rainfall (TRMM)
O Rainfall (TRMM)
O Rainfall deviation 30-day (TR

Temperature
O CRU Temperature C

Climate change
& TEMP rcp45 2016-2035

Tool

U Envelope plot
O Rasterfile

Area

Allfocus area

& Downlc

Chart
Im 6m 1y All Zoom: click-drag  Pan: shift-click-drag
TEMP rcp45 2016-2035 - All focus area — member_1
— member_2
— member_3
2.20 — member_4
— member_5
member_é
200 — member_7
— member_8
1.80 — member_9
— member_10)|
1.60
]
] 140
&
o 1.20
=
£
3} 1.00
0.80
0.60
- —
040
Feb Apr Jun Aug Oct Dec
e

The dataset “Temp. RCP45 2016-2035"

IS

delta change factors. The delta change factor is the ratio between

GCM simulations of future and current climate. It is used to obtain future regional conditions by

multiplying the delta change factor by the corresponding average temperature for each month. For
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example, if delta change is 2 in March for “Temp. RCP45 2016-2035"”, this means that there is a possibility

that current average temperature will be 2 times higher in March.

£
)Y
‘ls‘ 14

e The data should be separated into columns (if not automatically done).

T

the international
water association

e In order to separate the data, follow the same steps as above. It should be noted that the RCP45

should be transposed so that the months appear at the top of the data and the “member” on the left

of the data. To transpose the data:

Time

o Select all the data in the RCP45 dataset

o Right click and copy the data

o Select the place in the spreadsheet where you want the data placed and right click, under

the paste options choose transpose. The data should be transposed (Figure 40).

member_1 member_2 member_3 member_¢ member_S member_& member_7 member_5 member_3 member_10

2026-01-16 00: 00
2026-02-16 00: 00l
2026-03-16 00: 0l
2026-04-16 00: 00l
Z2026-05-16 00: 00

Z2026-03-16 00: 00
2026-10-16 00: 00
2026-11-16 00:00:
2026-12-16 00: 00

2026-06-16 00: 00§ 1
Z20Z26-07-16 00:00f1.
Z2026-03-16 00: 00y,

1033
1257
1520
1167

1173
1270
1264
1062

1637

175
923
1447
1.001

0.706
0.858
0.833
0.837
0.365
1453
2137

1823

0.533
0.975
1.004
0.636
0.637
1078
0.974
0.585
0.533
0.621
0.535
0.551

1535
1055
1526
1345
1241
113

1143
1164
1138
1265
1235
1121

0.953
1053
1655
1185
1.004
112
1127
0.653
0.807
1043
1141
16T

1683
1370
1025
0.304
1325
1213

1034
0.925
1062
1401

1269
0.307

0.975
0.652
0.936
0.857
1347
1028
0.542
0.633
0.852
0.776
0.755
1436

0.412
0.585
117

1238
0.545
0.685
0.7
0.543
0.581
0.956
1308
0.780

Time 2026-01-1 2026-02-1 2026-03-12026-04-1 2026-05-1 2025-06-1 2026-07-1f 2025-05-1 2025-03-1 2026-10-15 2026-11- 2025-12-15 00:00:00 |
member_1 1033 1257 1520 1187 1443 1234 1047 1047 0.831 0.520 1106 1613
member_2 11ra 1270 1.264 1.062 1.254 1135 141 1032 0.a01 0.516 0474 1104
member_3 1637 0.537 0.555 0.739 0.732 0.7z0 0.585 0.563 0.713 0.853 1250  0.880
member_d 1075 0.523 1447 1.001 0. 706 0.855 0.5585 0.837 0.965 1453 2137 1823
member_5 0.533 0.575 1.004 0.636 0.637 1075 0.974 0.585 0.533 0.621 0538 0.551
member_{ 1535 1055 1526 1.345 1241 113 1143 1164 1138 1268 1238 1121
member_7 0.953 1053 1655 1185 1.004 12 1127 0.653 0.807 1043 1141 1617
member_g 1683 1370 1.028 0.304 1325 1213 1.034 0.925 1062 1401 1263 0,307
member_3 0.973 0.682 0.936 0.857 1347 1028 0.542 0.633 0.852 0.776 0.738 1436
member_10 0.412 0.585 1171 1235 0.545 0.655 0.701 0.543 0.651 0.556 1306  0.780

Figure 40: Transposed RCP45 data. Note that dates and members have switched positions after applying the transpose function

e The transposed RCP45 data should be copied and moved to the spreadsheet containing the sorted

Temperature (CRU) data. Paste the transposed data in columns “R” to “AD”. This step should be done

as predicted changes in temperature are calculated using both the datasets.

referred to as ensemble members.

What are members, and why is the data described as members?

The RCP45 2016-2035 datasets form part of an ensemble of delta change factors. Instead
of doing a single forecast, the forecast is done 10 times for each month. Each forecast has
slightly different starting conditions, because the delta change factors vary. The complete

set of forecasts is referred to as the ensemble, and the individual forecasts within it are
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e  Expandthe table using the same steps as described earlier (see short-term rainfall analysis). The labels

for each column should be as follows:

A122 —Time

A123 to A132 — add the labels “member_1" to “member_10"
B122 to M122 - Add the months from January to December
A133 — Monthly projected average temperature (°C)

A134 - 25" percentile

A135 — 75" percentile

A136 — Median

A137 —Deviation (°C)

The processed data will be done in this table (Figure 41).

24 Time January February |March April May June July August  |September [October [November December

gE1l member 9

j=24 member_10

§EE] Monthly projected average temperature (°C)
gEL1 25th percentile

4] 75th percentile

LEL] Median

jEg4 Deviation (°C)

Figure 41: Expanded table wherein long-term data will be processed

The downloaded Temperature (CRU) data contains the annual averages, maximums and minimums and
the long-term monthly averages, maximums and minimum. The statistic of interest in this instance is the

long-term monthly averages. The steps and equations are as follows:

e Select the cell B123 (under the label January) in the

e Enter the following formula:

=52 x $B$117

Where $BS117 is the long-term average for January and S2 is the RCP45 value for “member_1”" for January.
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(Figure 42).

Note: that the “S” symbol is required as it ensures that the equation always uses the value in

cell B116 as the long-term average value when calculating projected changes for January

Time

January

member_1

=52*SBS117

Figure 42: The Equation as it should be entered when performing calculations to determine projected changes

o Perform this calculation from member_1 to member_10 in the month of January to

determine the projected changes for the month of January

e Next apply this method for the rest of the months using the corresponding long-term monthly average

and members for each month.

The table with the calculated climate projections should look as below (Figure 43).

4P Time January February [March April May June July August  |September |October |November December
&) member_1 26.90 35.83 39.57] 30.90] 37.57| 33.69 27.26] 27.26] 23.20] 21.35 28.80] 42.15
§#Z3 member_2 30.70 36.20 38.42] 32.73 37.42] 31.63 37.37| 26.58] 21.11] 14.31 13.04] 28.81
5] member_3 44.18 26.71 25.99 22.78 21.84] 20.07| 15.57| 14.65 18.95 23.65 34.40| 22.96)
i member 4 27.99 26.31 43.98 30.85 21.07| 23.91 23.52] 23.10] 25.44 40.29 58.81 47.73
44 member_5 13.88 27.79 30.52 19.60 20.80 30.05 25.80 22.79 15.63 17.22 16.46 14.38
]28 member_6 39.96 30.07 46.38 41.46 37.03 31.52] 30.43 29.97 30.00 35.16 34.07 29.25
gl member_7 24.97| 30.01 50.30 36.52] 29.96 31.83 29.85 16.82] 21.27, 28.92 31.40] 42.04
gkl member_8 43.82 39.05 31.25 27.86 39.53 33.98] 27.39 23.82] 27.99] 38.84| 34.92] 23.67|
gEl member 9 25.46 19.44] 28.45 26.42] 40.19 28.65 22.30] 17.97| 22.46] 21.52 21.69 39.04
g2 member_10 10.73 25.22] 35.59 38.16 25.21] 19.09 18.57| 14.14 23.22 26.51 36.00| 20.35
4EE] Monthly projected average temperature (°C)

jE2] 25th percentile

gEE] 75th percentile

LEE] Median

4E¥4 Deviation (°C)

Figure 43: Table with climate projections

e Finally determine the monthly projected average for each month using the average function in excel:

= Average (B123: B132)

Where the range B123:B132 is the projected values for January for all the members for the month of

January (Figure 44).
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e Time January February [March April May June July August  |September |October |November December
g} member_1 26.90 35.83 39.57] 30.90, 37.57, 33.69 27.26 27.26 23.20 21.35 28.80 42.15
2 member_2 30.70 36.20 38.42 32.73 37.42 31.63 37.37, 26.58 21.11 14.31 13.04 28.81
gF5] member_3 44.18 26.71 25.99 22.78, 21.84] 20.07] 15.57, 14.65 18.95 23.65 34.40 22.96
= member_4 27.99 26.31] 43.98 30.85 21.07| 23.91 23.52] 23.10 25.44 40.29 58.81 47.73
g4 member_5 13.88 27.79 30.52] 19.60 20.80] 30.05 25.80, 22.79 15.63 17.22 16.46 14.38
2 member_6 39.96 30.07, 46.38 41.46 37.03 31.52 30.43 29.97 30.00 35.16 34.07 29.25
g} member_7 24.97] 30.01 50.30 36.52 29.96 31.83 29.85 16.82] 21.27, 28.92 31.40 42.04
il member_8 43.82 39.05 31.25 27.86 39.53 33.98 27.39 23.82] 27.99 38.84 34.92 23.67,
gl member 9 25.46 15.44 28.45 26.42 40.19 28.65 22.30, 17.97 22.46 21.52 21.69 39.04
gEE member_10 10.73 25.22] 35.59 38.16 25.21 19.09 18.57, 14.14] 23.22 26.51 36.00 20.35
gEEl Monthly projected average temperature (°C) 28.86 29.66| 37.05 30.73 31.06) 28.44 25.81] 21.71 22.93 26.78 30.96 31.04
g2 25th percentile
gEE] 75th percentile
L1 Median
g4 Deviation (°C)

Figure 44: Projected data with monthly projected averages

The data in the above table shows the range of possibilities of temperature (°C) in the future under the

RCP45 climate scenario, and each projection is equally likely to occur.

8.2.4 Plotting graphs for projected temperature

The data has to be plotted into two graphs. The first graph will indicate the 25" and 75" percentiles and
the median. This graph is important as it will give the user an idea of the uncertainty around the median.
It is important to know that there is some uncertainty as these are climate projections and not actual
estimates. The second graph will indicate the monthly average of the observed data over the long-term,
and the monthly average of the projected data. This will be a graphical indication as to what projected

conditions may look like on a monthly basis.

Before the graph can be plotted the 25" and 75" percentiles and the median of the projected data have

to be determined

e Determine the 25" percentile for each month using the below formula

= PERCENTILE(B123: B132;0.25)
Where the range B123:B132 is the projections for the month, and 0.25 is the 25" percentile

e Determine 75" percentile for each month using the below formula

= PERCENTILE(B123:B132;0.75)

Where the range B123:B132 is the projections for the month, and 0.75 is the 75 percentile

e Determine the Median for each month using the below formula

= MEDIAN (B123:B132)

Where the range B123:B132 is the projected median for the month, the above steps to determine the

percentiles and median should be repeated for each month.
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Delta change factors
January February |March April May June July August p b October |November December
26.90 35.83 39.57 30.90 37.57 33.69 27.26 27.26 23.20 21.35 28.80 42.15
30.70 36.20 38.42 32.73 37.42 31.63 37.37] 26.58 21.11 14.31 13.04 28.81)
44.18 26.71 25.99 22.78 21.84 20.07 15.57 14.65 18.95 23.65 34.40 22.96
27.99 26.31] 43.98 30.85] 21.07] 23.91] 23.52] 23.10! 25.44) 40.29 58.81 47.73
13.88 27.79 30.52 19.60 20.80 30.05 25.80 22.79 15.63 17.22 16.46 14.38
39.96 30.07 46.38| 41.46) 37.03 31.52 30.43 29.97 30.00 35.16 34.07| 29.25
24.97 30.01 50.30| 36.52 29.96 31.83 29.85 16.82 21.27 28.92 31.40 42.04
43.82 39.05 31.25 27.86 39.53 33.98 27.39 23.82 27.99 38.84 34.92 23.67|
25.46 19.44 28.45 26.42 40.19 28.65 22.30 17.97 22.46 21.52 21.69 39.04
10.73 25.22] 35.59 38.16 25.21 19.09 18.57 14.14 23.22] 26.51 36.00 20.35
Monthly projected average temperature (°C) 28.86) 29.66) 37.05 30.73 31.06 28.44] 25.81] 21.71] 22.93 26.78] 30.96 31.04]
134 25th percentile 25.09 26.41| 30.70 26.78 22.68 25.10 22.61 17.11 21.15 21.39 23.46 23.14
75th percentile 37.65 30.06 42.59| 35.58 37.32 31.61 29.24 23.64 24.88 33.60] 34.79 37.04]
edian 27.44 28.90 37.01 30.88 33.49 30.78 26.53 22.94 22.83 25.08 32.74 29.03
Q¥4 Deviation (°C)
Figure 45: Table with percentiles and median
The percentiles and median have to put into a graph.
e Select the data and labels for the 25 percentile, 75" percentile and the median
e Go toinsert, and under “Charts” select “Line”
e This should generate the graph. However, the graph will not have the months added
e To add the montbhs, right click on the graph, and choose select data
e Inthe “Horizontal (Category) Axis Labels click edit
e Select the months as the “Axis label range”
e The final graph should be as below (Figure 46)
Percentiles and Median
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Figure 46: Graph indicating the percentiles and median

54



gef environment e tarana
The above graph indicates that there is a lot of uncertainty in temperature projections. The months of
February, June, August and November indicate that median temperatures are closer to the 75" percentile.

Whereas, the other points all fall closer to the middle of both the 25 percentile and 75 percentile.

In order to plot graph long-term averages with the projected averages follow the below steps:

e Select the long-term averages for the Temperature (CRU) dataset

e Gotoinsert, and under “Charts” select “Line”

e This should generate the graph. However, the graph will not have the monthly projected averages
added nor the months

e To add the monthly projected averages, right click on the graph and click select data

e Inthe Legend Entries (Series) click add

e Select the monthly projected averages as the data range

e To add the montbhs, right click on the graph, and choose select data

e Inthe “Horizontal (Category) Axis Labels click edit

e Select the months as the “Axis label range”

The final graph should be as below (Figure 47).

Long-term monthly averages vs Projected monthly averages

40
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Figure 47: Long-term monthly averages vs Projected monthly averages

Based on a visual analysis the above graph indicates the projected monthly temperature is expected to be

variable, with the months January, February, March, May, November and December indicated projected
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monthly temperature to be above the long-term mean. However, the visual analysis should only be used
to get a general idea as to the expected future conditions. The user should note that the data presented
in Figure 47 only provides information on monthly projections and possible extremes that could be
experienced during each month. The data presented in Figure 47 does not provide information for days or

periods with extremes.

In order to determine the likelihood of conditions increasing or decreasing, the number of times the
projected conditions are above or below the long-term average should be counted. However, the user has
to determine the number of times the monthly projected average is above the long-term mean. In order

to do this the “temperature deviation” should be calculated.

The “temperature deviation” will be calculated for each month. This will indicate to the user if the

projected temperature is expected to be more than, less than or equal to the long-term average/mean.
e In order to calculate the “temperature deviation” insert the following equation into excel:
= B133 - B117

where B133 is the monthly projected temperature for the month, and B117 is the monthly long-term
average. In order to determine the overall deviation for the projected monthly temperature, the average

of the of the “temperature deviation” should be calculated.

e If the temperature deviation is positive then projected temperature for that month is expected to
exceeded the mean, if the temperature deviation is negative then projected temperature for that
month is expected to be less than the mean

e Count the number of times the temperature deviation is positive, and count the number of times the

temperature deviation is negative (Figure 48)

¥ Time January February |March April May June July August  |September |October [November December

gPE] member 1 26.90] 35.83 39.57, 30.90 37.57] 33.69 27.26 27.26 23.20 21.35 28.80 42.15
124 member_2 30.70, 36.20, 38.42 32.73 37.42 31.63 37.37] 26.58 21.11 14.31 13.04 28.81
g5 member_3 44.18] 26.71 25.99 22.78 21.84) 20.07| 15.57| 14.65) 18.95 23.65 34.40] 22.96
126} member_4 27.99 26.31] 43.98 30.85 21.07| 23.91 23.52 23.10 25.44] 40.29 58.81 47.73
gP24 member_5 13.88 27.79 30.52 19.60 20.80 30.05 25.80 22.79 15.63 17.22 16.46 14.38
128 member_6 39.96 30.07, 46.38 41.46 37.03 31.52 30.43 29.97] 30.00 35.16 34.07] 29.25
§P2) member_7 24.97 30.01] 50.30] 36.52] 29.96 31.83 29.85] 16.82 21.27, 28.92 31.40] 42.04]
ik member_8 43.82 39.05) 31.25 27.86) 39.53 33.98 27.39 23.82] 27.99 38.84 34.92 23.67]
131 member_9 25.46| 19.44] 28.45 26.42) 40.19 28.65 22.30 17.97] 22.46 21.52] 21.69 39.04]
g2 member_10 10.73 25.22 35.59] 38.16 25.21 13.09] 18.57| 14.14 23.22 26.51 36.00] 20.35
REE] Monthly projected average temperature (°C) 28.86) 29.66 37.05 30.73 31.06 28.44 25.81 21.71 22.93 26.78] 30.96 31.04
gEL] 25th percentile 25.09 26.41) 30.70 26.78) 22.68 25.10 22.61 17.11 21.15 21.39] 23.46 23.14]
135] 75th percentile 37.65 30.06 42.59 35.58 37.32 31.61 29.24 23.64 24.88 33.60 34.79 37.04]
Median 27.44 28.90 37.01 30.88 33.49 30.78 26.53 22.94 22.83 25.08 32.74 29.03
jEx Deviation (°C) 2.82 1.16 6.65 -0.09 1.22 0.57] -0.68 -4.04 -3.43 -0.95 3.44 4.94]

Figure 48: Delta change table with temperature deviations calculated
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e To get the severity calculate the average “temperature deviation”

= Average(B137:M137)
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Where the range B137:M137 is the temperature deviation for projected monthly values for January to

December

e This will indicate to the user if the overall projected temperature is expected to be above or below

the mean (Figure 49)

122} January February |March April May June July August  |September |October |November December
Q=] member_1 26.90] 35.83 39.57] 30.90 37.57] 33.69 27.26 27.26 23.20] 21.35 28.80] 42.15
g2 member_2 30.70, 36.20 38.42 32.73 37.42 31.63 37.37| 26.58 21.11 14.31 13.04] 28.81
Q5] member_3 44.18 26.71 25.99 22.78 21.84] 20.07] 15.57| 14.65 18.95 23.65 34.40] 22.96)
g member_4 27.99 26.31 43.98 30.85 21.07] 23.91 23.52] 23.10] 25.44] 40.29 58.81 47.73
24 member_5 13.88, 27.79 30.52 19.60 20.80 30.05 25.80] 22.79 15.63 17.22 16.46 14.38
g#4: member_6 39.96 30.07] 46.38 41.46 37.03 31.52] 30.43 29.97| 30.00] 35.16 34.07| 29.25
] member_7 24.97| 30.01 50.30; 36.52 29.96 31.83 29.85 16.82] 21.27| 28.92 31.40] 42.04
130] member_8 43.82 39.05 31.25 27.86 39.53 33.98 27.39 23.82 27.99 38.84 34.92 23.67
QEL member_9 25.46] 19.44 28.45 26.42 40.19 28.65 22.30 17.97| 22.46] 21.52 21.69 39.04
L2 member_10 10.73 25.22 35.59 38.16 25.21 19.09 18.57] 14.14] 23.22] 26.51 36.00| 20.35
LEE] Monthly projected average temperature (°C) 28.86] 29.66 37.05 30.73 31.06 28.44| 25.81 21.71 22.93 26.78 30.96| 31.04
RS 25th percentile 25.09 26.41 30.70 26.78 22.68 25.10 22.61] 17.11] 21.15 21.39 23.46] 23.14
Q5] 75th percentile 37.65 30.06 42.59 35.58 37.32] 31.61 29.24] 23.64| 24.88] 33.60 34.79 37.04
136 Median 27.44 28.90 37.01 30.88 33.49 30.78 26.53 22.94 22.83 25.08 32.74 29.03
Rz Deviation (°C) 2.82 1.16 6.65 -0.09 1.22] 0.57| -0.68| -4.04 -3.43 -0.95' 3.44 4.94
Average of temperature deviations (°C) 0.97|

Figure 49: Final table for long-term temperature analysis

In the case of the above example the projected likelihood indicates that 7 of the projected points are above

the average/mean, and 5 of the projected points are below the average/mean. The temperature has

deviated by 0.97 °C of average/mean, using table 7 the severity was determined to be near normal.

8.2.5 Determining long-term climate change related risks

Considering the previously presented examples, an analysis of the Rainfall (CRU) — Rainfall (mm/month)

(CRU) and Temperature — CRU Temperature C datasets indicates that conditions within the water utility

are expected to be wetter than normal as follows:

e Rainfall

o Likelihood: 8 out of 12 projected points (members of the climate model ensemble) had

rainfall that exceeded the average/mean.

e Severity: mildly wet

e Temperature

o Likelihood: 7 out of 12 projected points (members of the climate model ensemble)

experienced conditions that exceeded the average/mean.

e Severity: near normal
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Note: The below methodology can be applied to both hazards and hazardous events
associated wetter or drier conditions. The example of the specific hazard in the below
scenario, was used as conditions based on the above analysis that determined conditions
were wetter than normal. Further examples of hazards and hazardous events, associated

with wetter and drier conditions are listed in appendix A.

8.2.6 Scenario 2
The water utility has completed the analysis, and has determined that the physical conditions are expected

to be mildly wet, under climate change conditions. The mildly wet conditions are an issue of concern to
the water utility, as they are not prepared for the effects these types of hazards and hazardous events
could have on their water utility’s infrastructure and operations. Based on the water utility’s past
experience, periods with increased rainfall conditions may lead to increased erosion, which could result in
damage to their infrastructure. The Water utility has noted that intense precipitation events may occur
more frequently under the effects of climate change, concentrating the annual total rainfall into episodes
that challenge current infrastructure for water management and flood control. When the protections fail,
inundation may disrupt service and damage infrastructure such as treatment plants, intake facilities and
water conveyance and distribution systems. The damage to the infrastructure may affect their operations
by reducing their ability to provide water of an adequate quantity and quality. The water utility would like
to determine if there is an increased risk of damage to infrastructure and reduced water quality as a result

of mildly wet conditions (Figure 50), so that they may implement the necessary actions to avoid damage

to their infrastructure occurring in future.

Figure 50: The effects increased flows had on the water quality and infrastructure. Large material such as boulders may cause
damage to the infrastructure as seen in the above image (circled in red).
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In order to determine if there will be a change in the risk rating, the utility should use the following steps
e The user should determine their water utility’s current risk rating (this should be in the water utility’s
current WSP), and in particular know both the likelihood and severity for a climate change related
hazard/hazardous event (see Table 16).
e By way of example and considering a typical 5 x 5 matrix used for water safety planning risk
assessments, if the water utility’s current risk rating is “Low” with likelihood categorised as “unlikely”,

and the severity categorised as “mild or minor”, then the risk rating is calculated as 4 (see the circled

value in table 16 below).

Table 16: Current Risk Matrix

Almost Certain
5 10 15
5
Likely
4 8 12
4
Moderate
3 6 9
3
Ne] .
3
K]
=
= Rare
1 2 3 4 5
1
Insignificant Mild or
or no . Major Catastrophic
minor Moderate 3
impact 4 5
2
1
Severity
Risk Score <6 6-9 10-15 >15
Risk rating Low Medium High Very High

Considering the previous example: In the above example

e  Forrainfall,

o Likelihood: 8 months were above the average/mean, and 4 were below the average/mean
o Severity: mildly wet

° For temperature,
o Likelihood: 7 months were above the average/mean, and 5 months with below the

average/mean temperature (°C)
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o Severity: near normal

The tables that follow can be used to determine the possible changes to likelihood and severity (Table 17,

Table 18, Table 19 and Table 20).

Note: The user should note that in the below examples change factors are presented for both
likelihood and severity. These change factors are the suggested approach developed for this
guidance document and is designed to be used with the 5x5 risk matrix found in the WHO/IWA
WSP manual. If the user’s water utility is using a different risk matrix, the user may amend the
change factors to suit their own needs. Furthermore, the applicability of the approach should be
tested on a case-by-case basis, and amended as required (e.g. Is the suggested approach to

sensitive for our utility? Should we adjust the change factors and make them more conservative?)

When determining the likelihood of wetter or drier conditions the water utility should count the number
of months’ rainfall was higher than “normal” and how many times it was lower than “normal”. The water

|”

utility may get a combination of for e.g. 7 months wetter than “normal” and 5 months drier than “norma

|”

or, the water utility may get a combination of 7 months drier than “normal” and 5 months wetter than
“normal”. In the case of the example presented above the combination is 4 months below average/mean
and 8 months above average/mean for rainfall (Table 17). The same should be done for temperature, the
water utility should count the number of months where temperature deviations were above or below the
mean. The water utility may get a combination of 10 months above the mean and 2 months below the
mean or, the utility may get a combination of 10 months below the mean and 2 months above the mean.
In the case of the example presented above the combination is 5 months below average/mean and 7
months above average/mean for rainfall (Table 17). Considering these combinations of likelihood for
rainfall and temperature, table 18 can be used to determine the likelihood change factor. The water utility

should look for each combination in table 18, and see where they meet up in the table. In the case of the

example presented above, the likelihood change factor is 0 (Table 18).

60



Y

& UN@ 5% A

!1’-<v“
=

g ef environment Wator hesoiation

%

Table 17: Likelihood change factor

Number of ensemble members above or below mean

12 months and 0 months
11 months and 1 month
10 months and 2 months

9 months and 3 months

8 months and 4 months

7 months and 5 months

6 months and 6 months

Table 18: Determining the overall change factor for likelihood

12
months
and 0
months
11
months
and 1
month
10
months
and 2
months
9 months
and 3 0 0 +1 +1 +1 +1 +2

months

8 months
and 4 0 +1 +1 +1 +1 +1
months

7 months

and5 0 0 0 +1 +1 +1 +1

months
6 months

and 6 0 0 0 0 0 +1 +1

months

+1 +1 +2 +2 +2 +2 +2

+1 +1 +1 +1 +2 +2 +2

1 +1 +1 +1 +1 +2 +2

Rain

6 months and 6 7 months and 5. 8 monthsand 4 9 months and 3 10 months and 2 11 months and 1 12 months and
months months months months months month 0 months

Temperature

The change factor for severity is determined using the physical conditions determined when doing the
long-term analysis for rainfall and temperature. In this case rainfall was “mildly wet” and temperature was
“Near normal” (Table 19). Considering these physical conditions for rainfall and temperature, table 20 can
be used to determine the severity change factor. The water utility should look for the severity for both
rainfall and temperature, and see where they meet up in the table. In the case of the example presented

above, the severity change factor is 0 (Table 20).

61



Table 19: Severity change factor

!r’-<\_“

& UN® 5 WA

g ef environment Wator hesoiation

Severity as per the physical conditions

Rainfall
Extremely wet/dry
Very wet/dry
Moderately wet/dry

< !Yiildly wet7ary>

Normal

Table 20: Determining the overall change factor for severity

Extremely
- >175 +2 +2 +2
150 -
Very Wet 175 +2 +2 +1
Moderately 125-
m—_— e +1 +1 +1
. 100 -
Mildly Wet - +1 +1 0
Normal 100 +1 +1
‘G  Mildly Dry 75-100 +1 +1
o
Moderately 55_75 41 +1 +1
Dry
VeryDry  25-50 +2 +2 +1
E
xtremely <25 2 +2 2
Dry
-3to-5 -2to-3 -1to-2
Major Moderate Minor
decrease decrease decrease

Temperature
Major increase/decrease
Moderate Increase/decrease

Minor increase/decrease

Near normal

Normal
+1 +1 +1 +2 +2 +2
+1 +1 +1 +1 +2 +2
0 0 0 +1 +1 +1
0 0 @ 0 +1 +1
0 0 0 0 +1 +1
0 0 +1 +1
0 0 0 +1 +1 +1
+1 +1 +1 +1 +2 +2
+1 +1 +1 +2 +2 +2
0to-1 0 Oto1l 1to2 2t03 3to5
sormal MO L nrese Imremse | increase
Temperature

The change factors should be added to the current value for likelihood and severity (Table 21). As

conditions are mildly wet, the water utility should focus on the hazards and hazardous events associated

with wet conditions. These aspects will be discussed in further detail in Section 9 of this guideline. If the

water utility has a current Likelihood of 2 for the hazard and the change factor for likelihood was

determined to be 0, then the likelihood remains the same. If the water utility has a current severity of 2

and a change factor of 0, then severity rating remains the same (Table 21).
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Table 21: adding change factors to current likelihood and severity.

Likelihood Severity

Current Change Factor Current Change Factor
2 0 2 0
Amended Likelihood: Amended Severity:
2 + 0 = 2 (Unlikely) 2+ 0 = 2 (Moderate)

The amended risk rating will be as below (Table 22).

Table 22: Risk Matrix considering climate change

Almost Certain
5 5 10 15
Likely
4 4 8 12
Moderate

3 3 6 9
Ne]
S Unlikely
<
3 2 2 4y ) = 8 10
=
= Rare

1 1 3 4 5

Insignificant
orno Moderate Major Catastrophic
impact 3 4 5
1
Severity
Risk Score <6 6-9 10-15 >15
Risk rating Low Medium High Very High

After the change factors were added to the likelihood and severity, risk rating and risk score remained at
4 (i.e. Low). Low risks may not require immediate action and the water utility should focus on those risks
with higher risk ratings. The long-term analysis should be done annually to determine if, the long-term
conditions are expected to change and if there are changes in likelihood and severity of the hazards and

hazardous events.
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Note: The water utility should note in some instances, after applying the change
factors to likelihood and severity, the “new” likelihood or severity may exceed the
maximum category as presented in the risk matrix. By way of example:

Likelihood:

e if the initial condition for likelihood was 4, and
e the change factor for likelihood is for +2
e the new likelihood will be 6

OR
Severity:

e if the initial condition for severity was 5, and
e the change factor for severity is for +2
e the new severity will be 7

In these instances, the water utility should use the maximum category for
likelihood and severity used in the risk matrix. In the case of the above risk matrix
used above, the maximum category is 5 for both likelihood and severity

What if the Short-Term and Long-Term Risk Assessment findings differ?

When the analyses for short-term climate change risks and long-term climate change risks have been

completed, the situation may arise whereby calculated risks differ. By way of example:

e Short-term risk may have gone from 6 (Low) = 12 (High) and;

e Long-term risk may have gone from 6 (Low) = 16 (Very high)

In this situation the user should consider the implications of both short and long-term calculated
risks in deciding the appropriateness of both existing control measures and potential corrective

actions. By way of example:

The utility might decide that in the next 12 months they might implement a) actions to address the

short-term identified impacts, and b) first step actions to address long-term identified impacts.

It is important for water utilities to cross reference the data in the Portal with in-situ data and should
not only rely on satellite data. In terms of climate projections, the methodology can provide some
information on expected conditions. The methodology only provides the water utility with a starting

point, and the water utility is encouraged to get further input and analysis from climate scientists.
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9. Water Safety Planning

This section provides guidance on (1) how to develop a Water Safety Plan for your utility in the Flood and
Drought Portal, and (2) how to incorporate climate change data into your WSP, with a particular focus on

amending your risk assessment and associated control measures/mitigation.

A Water Safety Plan (WSP) consists of 11 modules. The Water Safety Planning tool on the Portal considers
all 11 modules and provides step-by-step guidance to developing a WSP. Full details of each module can
be found in the WHO/IWA Water Safety Plan Manual, which can be accessed by following the link: Water

Safety Plan Manual. To start developing a WSP via the Portal, go to the home page and select the Water

Safety Planning tool (Figure 51).

Flood and Drought Portal

User: iwa_test  Worksroup: Public

About the DataPortal
SN
77’r\.\ Y
Y

[}

DROUGHT ASSESSMENT CROP APPLICATION
Lo ards, Visy

The Flood & Drought portal is developed as part of the
Flood and Drought Management Tools project. For more
information on the project please visit the project home
page at: http:/fdmt.iwlearn.oraler

&,

The Flood & Drought portal provides access to a number ISSUE ANALYSIS
of apps supporting decision makers at basin and local
level. The aimis to support existing planning processes as
TDA/SAP and IWRM at basin scale and Water Safety
Planning at local scale through the technical apps. The
apps could be used individually or in connection.

DATA AND
INFORMATION

WATER INDICATOR

Please visit the user guide for more indepth Information

on the use of the apps and their Intended support for the 000 P

different stages within basin and local level planning. 0.0 a3 [ ) —
o0

Knowledge portal with discussion forum and upcomming N = ... M

online courses: Select the "Knowledge portal® in the 2 -~ [ )

menu or use the link - KnowledgePortal L o —

For video tutorials and overview: YouTube BASIN PLANNING WATER SAFETY RDM TOOL REPORTING

PLANNING obust Decision Making Tool
For technical exercises (pdf files) : Dropbox . Robust Decisior &
Support water safety pisnning

For technical questions please contact:

luf Jessen (Project manager) or Bertrand Rich

Figure 51: Flood and Drought Portal home page
The following step-by-step process for developing WSP will be described:

e Module 1: Assembling the WSP team

e Module 2: Describe the water supply system

e Module 3: Identify hazards and hazardous events

e Module 4: Determine and validate control measures, reassess and prioritize the risks

e Module 5: Develop, implement and maintain an improvement/upgrade plan

e Module 6:
e Module 7:
e  Module 8:
e Module9:

Define monitoring and control measures
Verify the effectiveness of the WSP
Prepare management procedures

Develop supporting programmes

e Module 10: Plan and carry out periodic review of the WSP

e Module 11: Revise the WSP following an incident
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Establishment of a qualified, dedicated team is a prerequisite to securing the technical expertise needed

to develop a WSP. Establish a qualified team with the expertise to understand the water supply systems,

identify hazards, determine control measures and ensure relevance of the WSP. Appoint a strong team

leader and define the responsibilities for each team member. Be sure to engage the senior management

to secure financial and resource support (WHO & IWA, 2018).

The WSP team may include the following persons:

e Water systems operator

e Engineers

e Water quality operators

e Managers and technical specialists

e Representatives of the health and environmental sectors

e Additional support to help obtain and interpret climate related information

e Public health or water quality specialist provide inset on health impacts

e Emergency planning or civil protection expert to advise on disaster risk reduction

e Water planner

e Consultants/Extra-ordinary members of the team may include climatologists or hydrologists,

specialising in impacts and adaptation planning.

9.1.1 Assembling the WSP team in the Portal

e Inthe WSP application select module 1. At the far right end there is an option to “Add”. Click on this

option (Figure 52).

T v e 7 RESEIVE Fartent
» Module 1: The WSPteam || § s
The WSP Team @

» Module 2: Water supply system

A
» Module 3: Hazards and risks Team members Add
» Module 4: Control measures Extended/Core Team = Title Name Role Affiliation E-mail Phone
» Module 5: Improvement plan IWA_Test_Environment raul.glotzbach@iwahq.org Zx
» Module 6: Monitoring control measures y . . —
» Module 7: Verification of WSP NRI\/\/"YE T B :raks';'a “Kano
{ Q
» Module 8: Management procedures L\. L “ 4
. '? / 4 N / Zaria” "
» Module 9: Supporting programmes Vi L S 2 \ o
oo v — Z Kaduna~\—
» Module 10: Periodic review of the WSP iy Guinea '@ 1 M/‘L\ (wa e f adinas—\y A
» Module 11: Revision after an incident A { g ¢ oS
LY [ Korhogg ™A Tamale UiBenin { Nigeria

Figure 52: Water Safety Planning application assembling the team

Figure 52 shows a list of the WSP modules in the Portal. When selecting Module 1 a pop-up labelled “The

WSP Team” appears. The pop-up indicates a list of all the WSP team members. New WSP team members

can be added here, or the information of current WSP team members can be edited.
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e  After clicking on “Add” another pop-up will open, add the information of The WSP team members
(Figure 53).

WSP Team member X

Title Mr v

Name® Shawn Moorgas

Extended/Core team Core v

Role Senior Super-intendent

Affiliation

E-mail ID* shawnm@volta.com

Phone Number

O Keep dialog open + Add

Figure 53: pop-up to be completed when adding WSP team members

e  Repeat the above steps by clicking on “Add” and insert the information in the pop-up for each WSP

team member.

Exercise: Module 1 — Assemble the WSP Team

Consider:
e Whois on your WSP team?
e Who will you include (internal or external) as a climate expert?
e What other team members (internal or external) do you need? This could be the

engineer who designed the reservoir or a hydrologist.

Add this information into Module 1.

9.2 Module 2 — Water Supply System

Module 2 provides a thorough and accurate system description of the complete water supply chain, from
catchment to consumer, with sufficient detail to facilitate identification of hazards and hazardous events.
System descriptions should be validated through on-site field checking and cross referencing should be

made with other documentation.
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The description includes:

e written description of all major process steps
e system flow diagrams / schematics
e description of intended users and uses of the water supply

e comparison of water quality standards or targets with water quality achieved in practice.

9.2.1 Water Supply System in the Portal
e Inthe WSP application select Module 2. Next to “Level 1-Process Steps” click “Add” this opens another

pop-up (Figure 54).

# v WATER SAFETY PLANNING

= Open 3 New €4 Clone ' Edit % Delete

Plan: Voltabasinplan User: iwa_test Lastchange: 2018-07-24 16:16:49 Description|

» Module 1: The WSP team AR
» Module 2: Water supply system Water supply system @ X
» Module 3: Hazards and risks Level 1-Process Steps Add
» Module 4: Control measures ],5 li
» Module 5: Improvement plan

Connection Add

» Module 6: Monitoring control measures
» Module 7: Verification of WSP Kan

» Module 8: Management procedures
: . | [ Korhogd M W\

» Module 9: Supporting programmes ‘ - et R

» Module 10: Periodic review of the WSP

» Module 11: Revision after an incident

Figure 54: Water Safety Planning application Water supply system, adding different process steps

e The following relevant information should be inserted:
o The name of the component (names should be easily understood by all WSP team members).
o There are three different options for “Area” (namely “Catchment”, “Treatment” and
“Distribution”). Select the most relevant option.
o After choosing the specific Area, the “Component type” options change to reflect the “Area”

you have chosen (Figure 55).
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%7 ClosedReservoir(RawWater)
@ GroundWater

@ Lake

@ OceanOrSea

7 OpenReservoir{Raw\Water)
=% RawWaterCanal

Area Area Area
Catchment Distribution
Component type Treatment Component type
| - |

=,» Canal _CCII'I"IDGI'I\_I'It type

= Treatment
@ PreTreatment

@ Storage

@ TreatmentPlant

= Distribution
> BoosterStation

|:> BreakPressureManholes
= Pipes

|:3 PumpStation

[ Reservoir

= Valves(Other)

= RawWaterPipes WaterT p =y WaterDistributionMains
@ RiverOrStream O aterTreatmentFrocesses

[:> Water TransmissionMains

Siphon

Figure 55: The different component types available for each "Area" in the water system

o “Direct Control” means that the utility has control of what happens to the component, (or
possible impacts on the component are outside of your control — e.g. can be due to upstream
users).

o

The coordinates for the location is added by clicking directly on the map. First click in the

empty location pop-up, then click the area on the map where the specific component is

located (Figure 56).

EMEERE]
Dag

oF

Tanmulista

o
J Materi f
MNagbo [z s, f

: 5. Level 1-Component
Yawgu K

" Kran, Name

National Park

Abstraction

Area
- Distribution v
A Savelugu 12} Component type
i : :
aKumbungu DistributionPumpStation
Tamale
& ; DirectControl | Yes v
\ At dubiliyili
4 m
L Location (lon, lat) Click on map to select
i
el -
Tarr‘?a?ee"li‘o’. -1.055,10.488
I
\\

v Update

,,

Figure 56: Adding different components to the water supply system. The coordinates are added by finding the component
location on the map and clicking on it.

Figure 56 shows one of the components filled in for the Abstraction in the Volta basin, as well as the

connection between the abstraction and catchment. As seen there is more than one component type

added to the abstraction.

After adding all the different processes within the water utility, the connections between these

processes should be added.

To make the connections click on “Add” next to Connection, under the “Process Steps” (Figure 57).
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# v WATER SAFETY PLANNING

= Open 3 New £ Clone  Edit % Delete

Plan: Volitabasinplan User: iwa_test Lastchange: 2018-07-24 16:16:49 Description

» Module 1: The WSP team e Aol
» Module 2: Water supply system | Water supply system © =

» Module 3: Hazards and risks Level 1-Process Steps Add

» Module 4: Control measures /5 :
» Module 5: Improvement plan

» Module 6: Monitoring control measures Lconnection Add I_

» Module 7: Verification of WSP Kan
» Module 8: Management procedures 5 ‘f
» Module 9: Supporting programmes ' ‘
» Module 10: Periodic review of the WSP |
» Module 11: Revision after an incident 5"

Figure 57: Water Safety Planning application Water supply system, adding different connections

(Figure 58).

# v WATER SAFETY PLANNING

= Open 3 New £ Clone @ Edit % Delete

Plan: Testing WSPfor Volta User: iwa_test Lastchange: 2018-06-26 22:38:59 Description: Testing WSP for Volta

» Module 1: The WSP team

» Module 2: Water supply system
» Module 3: Hazards and risks

» Module 4: Control measures

Water supply system @

Level 1-Process Steps

O abstraction =x

O Catchment @ x |’|
O Lake Erie &x

» Module 5: Improvement plan
» Module é: Monitoring control measures
» Module 7: Verification of WSP

» Module 8: Management procedures 7 Storage @ %

» Module 9: Supporting programmes
» Module 10: Periodic review of the WSP
» Module 11: Revision after an incident

Catchment — Storage @ x

®
Catchment

Lake Erie = abstraction @ x

Figure 58: Different process steps and the connections between each process step

Connect the different process steps by providing the start and end points between each component
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With your WSP team members first discuss:

e \What are the key parts of your system?

e \What parts of your system are likely to be affected by climate impacts (flooding,

droughts)?

Based on the discussion of the parts of your system

e Enter 1 process step for each Level 1 Component (Catchment, water treatment plant,
distribution).
e Click on the Level 1 Component and add a Level 2 Component (Sub-process).

9.3 Module 3 — Hazards and Risks
For each step in the water supply chain, identify hazards and hazardous events that threaten the safety of
the water supply, and assess the associated risks. The WSP team is required to assess the level of risk

presented by each hazard and hazardous event.

9.3.1

Hazards and Risks in the Portal

Select Module 3 in the Portal. The “Hazards and Risks Overview” pop-up will open. At the top right

corner of the pop-up click on “Add new Hazards & Risks” (Figure 59).

» Module 1: The WSP team LoD s
_ Hazards and Risks Overview @ X
View Risks I Add new Hazard & Risk!
» Module 4: Control measures S Area Process step Hazardous Event Risk Rating Risk Rating Risk Rating
i (before controls) (after controls) (climate change)

» Module 5: Improvement plan
» Module 6: Monitoring control measures ¥ S N PR ! Ny : Zagia” =

- . 8 2 g Z A =T eyl \‘ ) P Bi
» Module 7: Verification of WSP Kankan f\_ \(frs {; ) /~Kaduna MLl T el 2

g G \ 5 3
» Module 8: Management procedures & 2 L5 ;\ r 1 Jos
» Module 9: Supporting programmes L [ Korhoge \g Tarpale By { { Ben(‘)n /‘1 Nigeria
» Module 10: Periodic review of the WSP { { orakou S Aba .
st e xedou, B = T@go ( < uja

» Module 11: Revision after anincident = C“\l ‘\..- D) ( 3 Ogbomosho N\ Z [

Figure 59: Water safety Planning application Hazards and Risks

e The “Add Hazards and Risks” dialog will open, type in the hazards and hazardous events your WSP
team has identified for your water utility (Figure 60). (Each hazard and hazardous events should be
evaluated separately.)

e “Process Step” refers to the different processes identified under section 2, such as the reservoir or

treatment works. When the first hazard and hazardous event has been identified, link it to the specific

process step that will be affected by the hazard and hazardous event.

71



& UNG 5 1A

gef environment Water association
e The “Area” and “Direct Control” would be filled in automatically during follow up steps, therefore,
the user need not fill them in.
e Inthe hazardous event ling, insert the hazardous event identified by the WSP team.
e The hazard type can be “Microbial”, “Chemical” or “Physical”.
e  First the utility should provide the current risk rating of the specific hazardous event being evaluated

— giving their own prediction of the likelihood and severity of such a risk as listed in the drop-down

boxes.
Add Hazard and Risks @ X
Process step Storage v
Area Treatment v
Direct Control Yes -
Hazardous event Low flow events
Hazard type Chemical

Figure 60: Adding hazards and risks in the Portal

In Section 8 the risk of wetter or drier conditions was determined, and this information was used to
complete the following section. In the “Process Step”, “Hazardous Event” and “Hazard Type” sections the

following information was added.

a) “Process Step”: Storage
b) “Hazardous Event”: Low flow events

c) “Hazard type”: Chemical

The current analysis is determined by the utilities water safety plan already in place. Figure 61 shows the
current likelihood and severity at the utility, showing that there is an unlikely chance of low flow events,

and if this should occur the severity will be moderate impact on the utility, this gave a medium risk.
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Hazard and risks | Controlmeasures |Improvement plan

Preliminary risk assessment with no control

Current Future (Climate change)
Likelihood Unlikely v ¥
Severity Moderate v v
Risk rating Medium risk High risk

Figure 61: Current risk rating

In the short-term analysis rainfall showed that 5 months had rainfall amounts above the mean, and 7
months had rainfall amounts below the mean. Whereas, temperature showed that 3 months had
temperatures above the average/mean, and 9 months had temperatures below the average/mean This

corresponds to a likelihood change factor of +1.

The short-term rainfall analysis showed that rainfall was 107.2 % of normal. Based on Table 6, the area
experienced mildly wet physical conditions in the short-term. Whereas, temperature showed a -0.58 °C
deviation from the average for the previous 12 months. Based on Table 7, the area experienced near

normal physical conditions in the short-term. This corresponds with a Severity change factor of 0.

These values are added to the current conditions to predict the “Future (Climate change)”, by increasing
the likelihood of the current risk assessment by +1, the likelihood of “Unlikely” changes to “Possible”, and
the Severity would increase by 0, and remain “Moderate/Medium”. See Figure 62 showing the “Future

(Climate change)” risk increasing.

Hazard and risks | Control measures  Improvement plan

Preliminary risk assessment with no control

Current Future (Climate change)
Likelihood Unlikely v Possible v
Severity Moderate v Moderate v
Risk rating Mediurm risk Medium risk

Figure 62: Future climate change risk rating

The same change factors for likelihood and severity should be used for the risk assessment and applied to
every hazardous event identified in your area that may be influenced by climate change, for the

associated condition (wetter or drier).
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Exercise: Module 3 - Identify Hazards

With your team members first discuss:

e What are the top 3 hazards and hazardous events to the system?

e Which of these hazards and hazardous events effect the key process steps (e.g.
reservoir, treatment plant, etc.) you identified in Module 2?

e How are the hazards and hazardous events identified impacted by increased

rainfall or decreased of rainfall and high / low temperatures?

Based on the discussion with your team enter information into the WSP application:

e Select one of the process steps you have entered in Module 2 (e.g. reservoir,
treatment plant, etc.).

e Enter the hazard and hazardous event which could affect this process step (refer
to section 5 on how to describe hazards and hazardous events)

e Enter information on this hazard and hazardous event and assess the risk
(without a control measure in place).

e Reassess the risk with climate change impacts (hint consider climate change in

the future).

9.4 Module 4 — Control Measures
This module consists of 2 main actions:

Part 1 — Identify the existing control measures for all hazardous events identified in Module 3 and validate
their effectiveness.

Part 2 — Reassess and prioritize the risks, taking into account the effectiveness of the existing control
measures. This second (or ‘residual’) risk assessment considers the effectiveness of the existing control
measures and allows the WSP team to determine clearly where additional control measures are required.
9.4.1 Control Measures in the Portal

e Select module 4 in the Portal, this opens up the “Hazards and Risks Overview” pop-up, click “Add new

Hazard and Risk” (Figure 63).
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» Module 1: The WSP team
» Module 2: Water supply system
» Module 3: Hazards and risks

Hazards and Risks Overview @

» Module 4: Control measures I /’S Area Process step Hazardous Event (beRfiosrkeEZﬁ?rgols)

» Module 5: Improvement plan

» Module é: Monitoring control measures ey S -

» Module 7: Verification of WSP Kankan }s )
» Module 8: Management procedures { ; ?
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Figure 63: Water safety planning application Control measures

e Inthe “Control measures” tab add the existing control measure for the identified hazards (Figure 64).

Hazard and risks | Control measures | Improvement plan

Existing control measures

Existing Control measure | Catchment\Covering and protecting springs

Effectiveness Yes

Note

Re-assessment of risk (with existing Control measure)

Current Future (Climate change)
Likelihood Possible v | | Mostunlikely
Severity Minor v | | Moderate
Risk rating Medium risk Lowv risk

Figure 64: Control measure already in place

e The control measures are filled in by the WSP team using their own knowledge of the WSP and the

effectiveness of the control measure

different control measures can be added for the same hazard.

Note: Only one control measure can be added per hazard and hazardous event. If the water
utility has more than one control measure for a particular hazard and hazardous event, the

water utility will have to add the hazard again using a unique name e.g. Vandals break into

the treatment grounds 01, Vandals break into the treatment ground 02, etc. Then

e State the effectiveness of the control measures.

o Now you should re-assess the risk with the existing control measures in place.

o The likelihood and severity should be changed in accordance to WSP team’s own assessment.

9.4.2 Hazards and hazardous events and their control measures in the risk matrix

Examples of hazardous events for the Volta basin under wetter conditions, and examples of hazardous

events for Lake Victoria under drier conditions, can be found in table 23. The Likelihood and severity were
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increased using the change factors determined in tables 10 and 12 This also shows possible control

measures that can be implemented with the corresponding hazardous events.

Table 23: Hazards and hazardous events before climate change consideration

Hazardous events due to Likelihood Severity Risk Possible control measures

wetter conditions

1. Monitor flood events and drivers that
Changes in seasonal runoff

and loss of snowpack

may result in the increase in floods

2. Manage reservoir water quality by

Al d surf ’ investing in practices such as lake aeration
r r r L .
tered surface water quality . . to minimise algal blooms due to higher
Unlikely = Moderate Medium

2 3 6 temperature
3. Monitor surface water conditions,
High flow events and flooding including river discharge, snowmelt, and
streamflow
I el e S
drier conditions
Enforce or  support regulations,

ordinances or terms of device that
Low flow conditions and

. prohibit water waste and address
altered water quality

irrigation and other design inefficiency
and misuses of water
2. Practice conjunctive use of water.
Lower lake and reservoir Unlikely Minor Low  Example, storing groundwater in the wet
levels 2 2 4 months and using the water in the dry
months
3. Practice fire management plans in the
watershed, such as mechanical thinning,
Increase fire risks weed control, selective harvesting,
controlled burns, and creating more fire
breaks

More examples for hazardous events and control measures can be found in Appendix A and B.

The below table 24 considers the same hazardous events; however, the risk has changed (due to the

assessment described in Section 8).
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Table 24: Hazards and hazardous events after climate change consideration

Hazardous events due to

... Likelihood
wetter conditions

Severity

Changes in seasonal runoff and
loss of snowpack

Altered surface water quality
Moderate = Moderate
3 3

High flow events and flooding

Hazardous events due to drier Likelihood

conditions

Severity

Low flow conditions and
altered water quality

Lower lake and reservoir levels | Moderate Mild

3 2

Increased fire risks

Risk

Medium

Medium
6

L5y

Y

2=

£
L‘

e

DHI)

the international
water association

Possible control measures

Monitor flood events and drivers that may
result in the increase in floods

Is this control measure still applicable?
WSP team to review and amend as
required.

Manage reservoir water quality by
investing in practices such as lake aeration
to minimise algal blooms due to higher
temperature

Is this control measure still applicable?
WSP team to review and amend as
required.

Monitor surface water conditions, including
river discharge, snowmelt, and streamflow
Is this control measure still applicable?
WSP team to review and amend as
required.

Possible control measures

Enforce or support regulations, ordinances
or terms of device that prohibit water waste
and address irrigation and other design
inefficiency and misuses of water.

Is this control measure still applicable?
WSP team to review and amend as
required.

Practice conjunctive use of water. Example,
storing groundwater in the wet months and
using the water in the dry months

Is this control measure still applicable?
WSP team to review and amend as
required.

Practice fire management plans in the
watersheds, such as mechanical thinning,
weed control, selective harvesting,
controlled burns, and creating more fire
breaks

Is this control measure still applicable?
WSP team to review and amend as

required.

More examples for hazardous events and control measures can be found in Appendix A and B.
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Exercise: Module 4 — Determine and Validate Control Measures

With your team members first discuss:

e What existing control measures do you have for each hazard and hazardous event?

e  Will the control measures be sufficient?

e Based on the assessment, will the control measures be sufficient with increased
flooding?

e What about drought and water scarcity?

Based on the discussion with your team enter information into the WSP application:

Select one of the hazards and hazardous events you have entered.

e Click on the Control measures tab.

e Type or select a control measure that is being implemented to address the hazard
and hazardous event and indicate the effectiveness.

e Re-assess the likelihood and severity of the hazard and hazardous event with the
control measure.

e Re-assess the likelihood and severity of the hazard and hazardous event within the

context of climate change impacts (keep in mind that the control measure is still in

place).

The validation process of the WSP is important as this provides an opportunity for water utilities to assess
their control measures, and determine if new control measures should be implemented. Validation is the
process of obtaining evidence about how well a control measure works, and to show that the control
measure can effectively control the hazard/hazardous event. This is mandatory when introducing a control
measure. The validation of the control measure is relative to the control measure. This means that the
control measure may be simple or quite advanced depending on the level at which the water utilities
systems are operating. A simple validation may take the form of a question like: Is the control measure
capable of being effective? To which one may have to choose between 3 answers: Yes, No, or Not
sure/somewhat effective. Data/information obtained in ‘monitoring of control measures’ may be used for
validation. It is important for water utilities to be properly trained on WSP to be able to effectively

implement the control measures.
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9.5 Module 5 - Improvement Plan
Develop, implement and maintain a detailed improvement/upgrade plan to address all significant risks

that require additional control. Generally, some improvements can be implemented immediately at little
or no cost, while other improvements may require significant resources and more time to implement.
Improvement/upgrade plans should allow for “incremental improvement” i.e. step-by-step improvements

in risk management, to allow time for planning and for the necessary funding to become available.

9.5.1 Improvement Plan in the Portal
e Select module 5 in the Portal, this opens up the “Hazards and Risks Overview” pop-up, click “Add new

Hazard and Risk” (Figure 65).

» Module 1: The WSP team o - N
» Module 2:Water supply:system Hazards and Risks Overview @ X
» Module 3: Hazards and risks View Risks | Add new Hazard & Risk
» Module 4: Control measures S Area Process step Hazardous Event Risk Rating Risk Rating Risk Rating
| ' (before controls) (after controls) (climate change)
» Module 5: Improvement plan
» Module 6: Monitoring control measures 71 WS g o ; N Zaria ==
» Module 7: Verif t'g FWSP aq @ & =N ) PR o
odule 7: Verification o Kankan \{J\r's / . 4 p giin saush| | _comb 7
» Module 8: Management procedures 4. rA\ Y Jga -
/ ( { L )
» Module 9: Supporting programmes \ k_g { K""“’”" : \ Tamale Benln £ L‘ N|ger|a {
» Module 10: Periodic review of the WSP q ¢ p"'ak"“ ; = A\b.wa _—
» Module 11: Revision after an incident Etl \F > 1; g0 Ogbcmosno : ¢ i

Figure 65: Water safety planning application Improvement plan

o Select the “improvement Plan” tab

e A dialog labelled “Improvements” will appear, fill in the relevant information and click on “Add”

(Figure 66)
Improvements X
Action Monitor surface water conditions, inclut
Arising from Water quality in danger
Detail(Name) Utility Water Manager (James)
Responsible{e-mail) jama@WSP.gov.org
Due January 2019
Status Planning phase
O Keep dialog open + Add

Figure 66: Improvement plan dialog

Note: After the first hazardous event analysis the water utility should repeat steps 4 and 5 until

all hazardous events and provided control measures for each event have been covered.
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Exercise: Module 5 — Improvement Plan

With your team members first discuss:

e What are the long-term impacts of climate hazards on a water utility?

e  Which control measures are not working well and need to be improved?

e What improvements can be put in place?

e What new control measures can be put in place to deal with future climate hazards
(e.g. water scarcity and flooding)?

e What can be addressed by a water utility?

e What can be addressed by other stakeholders? (list these stakeholders)

Based on the discussion with your team enter information into the WSP application:
e C(Click on the improvement plan tab and click on Add new improvement plan.

e Enter information in the required fields to complete the improvement plan.

9.6 Module 6 — Monitoring of control measures

Monitoring of control measures is essential for supporting risk management by demonstrating that the
control measure is effective and that if a deviation is detected, actions can be taken in a timely manner to
prevent water quality targets from being compromised.

9.6.1 Monitoring control measures in the portal

e Select module 6 in the Portal, this opens up the “Hazards and Risks Overview” pop-up, click “Add new

Hazard and Risk” (Figure 67).

5.0 ArliNational ?/
» Module 1: The WSP team y N -
A g Yy W 8 A YRR
» Module 2: Water supply system oifasso \ : i 5o K]‘;;J \ \
5 8 % -
» Module 3: Hazards and risks I TR\ H\ib;\v‘_, F ) N
atfs Bolgatanga /
» Module 4: Control measures e o )/ Y \ o
» Module 5: Improvement plan y [:> Yol «diand [ RuiE2 § K.
» Module 6: Monitoring control measures I Wa [Abstraction T‘ EII\mm o) Q IR — -
— g T BV Nikki (ASSOIIIESKS (3] J 3

» Module 7: Verification of WSP S

Monitoring of control measures @ A
» Module 8: Management procedu
2:Module 2 supootiog prosramm Hazardous Event | Control Measure | Critical What Where When How Who Corrective Data Data type
» Module 10: Periodic review of th limit action provider
» Module 11: Revision after an inciaernc —— = < B e Ao

3 ~ o/ S \gleowa] XN Fogo | o Hiofin Yok

Figure 67: Monitoring control measures application
e Apop-up will open, showing the different control measure/s in place, linked to the hazardous event/s.

Click on the editing tool s

e Complete the open fields (Figure 68)
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Edit Control Measure

Hazardous Event

Control Measure

Critical limit

What

Where

When

How

Who

Corrective action

Data provider

Data type

Introduction of chemicals to source wat:

Catchment\Covering and protecting spr

Potable water standards undrinkable

e-coli count

Reservoir|

Doaily

Sampling and testing

Water utility testing facility

Fines

+ Update

X

Figure 68: Editing control measures

the international
water association
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Definitions of different aspects of control measure monitoring:

e Hazardous event: An event or situation that introduces hazards to, or fails to remove
them from, the water supply. The source of a hazard

e Control Measure: Any action and activity that can be used to prevent or eliminate a
water safety hazard or reduce it to an acceptable level.

e  Critical limit: A criterion which separates acceptability from unacceptability.

e What: What will be monitored

o When: The timing or frequency of monitoring

o  Where: Where will it be monitored

o How: How will it be monitored

e Who: Who will do the monitoring (and analysis)

e Corrective action: Any action to be taken when the results of monitoring at the control
measure indicate a loss of control.

o Data provider: Source of data for monitoring of control measures

e Data type: Format of data (text, ...)

Exercise: Module 6 — Monitoring of Control Measures

With your team members first discuss:

e How can you monitor the control measures in place? What indicator is used?
Based on the discussion with your team enter information into the WSP application:

e Open Module 6

e For a control measure you have entered, enter the required information that will

allow you to monitor the control measure.
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9.7 Module 7 — Verification of the WSP

Having a formal process for verification and auditing of the WSP ensures that it is working properly.

Verification involves four activities which are undertaken together to provide evidence that the WSP is

working effectively. These activities and the definitions are provided below:

1.

9.7.1

Compliance monitoring: Monitoring of water quality (usually at the delivery points) to
demonstrate (or verify) compliance with the agreed water quality standards or set limits — usually
as set out by the regulatory authority. This monitoring is usually specifically collected and obtained
to check compliance with regulations. Compliance monitoring can be used as evidence for some
aspects of verification.

Internal Auditing: An internal examination and verification of WSP records, to demonstrate that
the WSP has been properly designed, is being implemented correctly, and is effective. The Water
Safety Plan Quality Assurance Tool was developed to enable a water supplier to objectively assess
WSP implementation and identify areas of progress and areas for improvement. The tool is

available at: WSP Quality Assurance Tool

External auditing: An external examination and verification of WSP records, to demonstrate that
the WSP has been properly designed, is being implemented correctly, and is effective. WHO and
IWA developed the ‘A practical guide to auditing water safety plans’ that provides guidance on
developing and implementing a WSP auditing scheme, covering such topics as the aim and role of
auditing, auditor training and certification, audit criteria, audit timing and frequency and audit
reporting. Further information including the guide can be obtained here: Auditing WSP's
Consumer satisfaction monitoring: Customer satisfaction surveys examine the quality of the
service and the acceptance of the product by customers/clients. The surveys may help to
discourage use of unsafe alternative sources.

Verification of the WSP in the Portal

e Select module 7 in the Portal, this opens up the “Verify the effectiveness” pop-up (Figure 69)

» Module 1: The WSP team ;

» Module 2: Water supply system oulésso,. ;i
oulass

» Module 3: Hazards and risks

» Module 4: Control measures

» Module 5: Improvement plan

» Module 6: Monitoring control measures ;
Verify the effectiveness @ X

» Module 7: Verification of WSP

» Module 8: Management procedures [/V » Compliance monitoring
» Module 9: Supporting programmes » Auditing-Internal

» Module 10: Periodic review of the WSP » Auditing-External

B|

» Module 11: Revision after an incident » Customer satisfaction

Figure 69: Four activities for verifying the effectiveness of the WSP
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o There are 4 different options available in the pop-up. When selecting “Compliance monitoring” and
“Customer satisfaction” options another pop-up will open, this allows you to upload you own
documents under each option (Figure 70).

» Module 1: The WSP team / Le | g “5; ( '\m VAT aRal ; S
» Module 2: Water supply system oulasso \\\ 3 / K? N ‘ \\ Banikoara o :
it ; / - 4 1 andi
» Module 3: Hazards and risks 8 - s [ =
» Module 4: Control measures ) /
» Module 5: Improvement plan ‘ \ ‘
» Module 6: Monitoring control measures f e
sendl Verify the effectiveness © X =
» Module 7: Verification of WSP Compliance monitoring X
» Module 8: Management procedures /.—\/: T
» Module 9: squorting programmes YAuditingzigternal i (S:pzzrted formats: .txt, .doc, docx, .pdf, .csv, xls, xisx, .png, .jpg)
» Module 10: Periodic review of the WSP | * Auditing-External
» Module 11: Revision after an incident JaSustomersatstaciion 7
Figure 70: Upload documents for compliance monitoring.
°

When selecting the two auditing options, “Auditing-Internal” and “Auditing-External”, the audits
should be uploaded. The auditing options also allow the user to download a template, which can be

edited as needed (Figure 71).

T x T LIT ¥

» Module 1: The WSP team - & al /Fé S E. k‘ |

B “ = Banikoara
» Module 2: Water supply system ,QUJB,SS,O// \\ Sre ol Kaﬁlﬂ
» Module 3: Hazards and risks ' /7 = r [RNIE7 |

Jeffisi *Bolgatanga /
» Module 4: Control measures e T /
» Module 5: Improvement plan ‘> ; ’
» Module 6: Monitoring control measures Vit Gesttect ° x = [ o
eri e effectiveness — §

» Module 7: Verification of WSP i Audit-Internal X

. ) Compliance monitori
» Module 8: Management procedures [ u . pesmoniioring | Upload Download template
» Module 9: Supporting programmes 1] > Auditing-Internal X Siopoaad onmats: doc doocads Xk
» Module 10: Periodic review of the WSP ;| * Auditing-Bxternal Al
» Module 11: Revision after an incident 2Customen aatistaction “0—;

Figure 71: Auditing allows the user to upload their internal or external audits. A template is also available for download.
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Exercise: Module 7 — Verification of the WSP Effectiveness

With your team members first discuss:

e Do you have internal and/or external auditing?

Based on the discussion with your team enter information into the WSP application:
e Open Module 7 in the WSP application
e C(Click on one of the options and discuss what documentation you have that you would upload
e Upload an example document
e Inthe WSP Resources folder, Module 7 Folder open the file for the Water Safety Plan Quality
Assurance Tool (WQA) and explore the user manual and excel file, or by following the link
below:

WSP Quality Assurance Tool

@l waa

.;" WSP_Quality Assurance Tool_User Manual

9.8 Module 8 — Management Procedures
Document clear management procedures indicating actions to be taken when the system is operating

under normal conditions (Standard Operating Procedures or SOPs) or when the system is operating in
‘incident’ situations (corrective actions). Documentation should be written by experienced staff to ensure
that it captures all required activities and should be updated as necessary, particularly in light of
implementation of the improvement/upgrade plan and reviews of incidents, emergencies and near misses.
Having detailed documents is especially important to capture institutional knowledge of the system, and
will assist new operators in understanding the system. The link below provides more information on

management procedures: Management procedures

Effective management should define:

e Corrective actions i.e. actions to be taken in response to variations that occur during normal operating
conditions (Standard Operating Procedures);

e Actions to be taken in ‘incident’ situations where a loss of control of the system may occur; and

e Procedures to be followed in unforeseen and emergency situations.
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The procedures should have:

e C(Clear description of the actions required in the event of a deviation

e (Clear accountabilities and contact details for key personnel

e Location of backup equipment

e Relevant logistical and technical information

9.8.1

Management Procedures in the Portal

the international
water association

The management procedures should be documented as per the requirements of your utility and uploaded

on the WSP application. To upload the management procedures documents:

e Select module 8 in the Portal, this opens up the “Management procedures” pop-up (Figure 72)

e C(Click “upload” in the pop-up, and select the water utilities management procedures document to be
uploaded to the Portal

» Module 1: The WSP team

» Module 2: Water supply system ouléssq 4
» Module 3: Hazards and risks 'S

» Module 4: Control measures

» Module 5: Improvement plan

» Module 6: Monitoring control measures
» Module 7: Verification of WSP
» Module 8: Management procedures /,/v Upload

(Supported formats: .txt, .doc, .docx, .pdf, .csv, xls, xIsx, .png, .jpg)

| Management procedures @ |

» Module 9: Supporting programmes
» Module 10: Periodic review of the WSP
» Module 11: Revision after an incident

a

) [ = T el 5

Figure 72: Management procedures in the Portal

Exercise: Module 8 — Management Procedures
With your team members first discuss:
e What management procedures do you have for normal and
incident/emergency situations (e.g. Incident management protocol)?
o What management procedures do you have that consider weather

emergencies (flooding and droughts)? (See Appendix A)

Based on the discussion with your team enter information into the WSP application:
e Open Module 8 in the WSP application.

e Upload an example document from WSP Resources folder, Module 8 Folder.
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9.9 Module 9 — Supporting Programmes
Supporting programmes are activities that support the development of people's skills and knowledge,

commitment to the WSP approach, and capacity to manage systems to deliver safe water. They are as
important as control measures in controlling water quality risks but are used where application tends to
cover long time frames and/or broader organizational or geographic areas. Supporting activities can be

operator trainings and development, consumer education and research and development.

There are three steps to develop supporting programmes:
e Review what is needed;
e Revise any existing programmes; and

e Develop new ones as needed

The link provides more information on supporting programmes: Develop supporting programmes
9.9.1 Supporting Programmes in the Portal
e Select module 9 in the Portal, this opens up the “Supporting programmes” pop-up (Figure 73)

e Click “upload” in the pop-up, and select the water utilities supporting programmes document to be

uploaded to the Portal
D TS
F ~ ) .

[

» Module 1: The WSP team / ‘

/ o {

» Module 2: Water supply system
» Module 3: Hazards and risks

Z / ‘ :
Doulqss_o,,/ \ ¢

» Module 8: Management procedures

|b Module 9: Supporting programmes I
» Module 10: Periodic review of the WSP

» Module 11: Revision after an incident

Z]

d

Upload
(Supported formats: txt, .doc, .docx, .pdf, .csv, xls, xisx, .png. .jpg)

affisi *Bolgatanga ﬁ“:“
» Module 4: Control measures s i ( ‘
X o
» Module 5: Improvement plan \/l
» Module 6: Monitoring control measures e Ahstraction T
» Module 7: Verification of WSP Supporting programmes @ X

Figure 73: Supporting programmes in the Portal
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Exercise: Module 9 — Supporting Programmes
With your team members first discuss:
e What supporting programmes does the water utility have to develop
people’s skills in implementing WSP?
e What supporting programmes include climate risk?

e Identify the climate aspects that may require more research

Based on the discussion with your team enter information into the WSP application:
e Open Module 9 in the WSP application.

e Upload an example document from WSP Resources folder, Module 9 Folder.

9.10 Module 10 - Periodic Review of the WSP in the Portal

Ensure that the WSP is up-to-date and effective through regular review and, if necessary, revision. This will

ensure that new risks threatening the production and supply of safe drinking-water are regularly assessed

and addressed and that the WSP is continuously improved.

A WSP can quickly be out of date through:

e catchment, treatment and distribution changes and improvement programmes which can impact on
process diagrams and risk assessments;

e revised procedures;

e staff changes;

e stakeholder contact changes

The WSP team should therefore agree to meet regularly to review all aspects of the WSP to ensure that
they are still accurate. The WSP review may include site visits or the input of local operators and water
service providers. Operational monitoring results and trends should be assessed. Furthermore, the
review of the WSP should include the re-analysis of the flood and drought datasets for both short and

long-term, to identify any changes that may occur as conditions change.

9.10.1 Periodic Review of the WSP in the Portal
e Select module 10 in the Portal, this opens up the “Periodic review of the WSP” dialog (Figure 74)
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Rbioduic s The Ui teom | Periodic Review of the WSP| @ X
» Module 2: Water supply system otifa
» Module 3: Hazards and risks N
» Module 4: Control measures Review #
» Module 5: Improvement plan Date
» Module 6: Monitoring control measures {plement =
» Module 7: Verification of WSP YR bamdaiee
» Module 8: Management procedures LC ‘ catdurentcrane=s

? Treatment changes

» Module 9: Supporting programmes
» Module 10: Periodic review of the WSPI 1
» Module 11: Revision after an incident

Distribution changes

Stakeholder changes
Changes in operational data
\ Based on new risks

] ] Verification review
Internal & External audit

Stakeholder communication

é )-*’ © | Next review meeting

Figure 74: Periodic review of the WSP in the Portal
Clicking on “Open” allows you to view information on previous reviews that were recorded in the
Portal
Clicking on “New”, this allows you to start adding information in the dialog

Clicking on “Edit” allows you to edit the information
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Exercise: Module 10 — Periodic Review

With your team members first discuss:
e How often do you review the WSP or plan to review the WSP?
e What is the process of reviewing your WSP?

e What changes might there need to be in your existing WSP?

Based on the discussion with your team enter information into the WSP application:

e Open Module 10 in the WSP application

e Enter information in the checklist as follows:
Review: Specify the review number
Date: Current date
Implemented: Date review was implemented
WSP team changes: Indicate if there were any changes in the WSP team
Catchment changes: Indicate if there were any changes in the catchment
Treatment changes: Indicate if there were any changes in the treatment system
Distribution changes: Indicate if there were any changes in the distribution
Stakeholder changes: Indicate if there were any stakeholder changes
Changes in operational data: Indicate if there were any changes in the operational data
Based on new risks: *Please explain here*
Verification review: *Please explain here*
Internal & External audit: Indicate if there were any internal and/or external audits
Stakeholder communication: Indicate if there was any communication with
stakeholders

Next review meeting: Indicate when the next review meeting will take place

Note: After every review the WSP team will need to make changes to all the affected modules in
the WSP. It is Advised that you “Clone” the WSP and make the changes on the latest version. This

allows the WSP team to keep previous versions in the system for future reference.
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9.11 Module 11 — Revision After an Incident
Review and revise the WSP to reflect lessons learned from incidents and near misses. Consideration should
be given to the cause of the incident, emergency or near miss and the adequacy of the response. This
information should feedback into the revision of the WSP as part of continuous improvement. The link

provides more information on Reviewing the WSP: Review the WSP following an incident

In addition, the WSP should also be reviewed when, for example, a new water source is developed, or
major treatment improvements are planned and brought into use.

Key actions include:

e Review the WSP following an incident, emergency or near miss.

e Determine the cause of the incident, emergency or near miss and sufficiency of response.

e Revise the WSP as necessary, including updates to supporting programmes.

9.11.1 Revision after an incident in the Portal

e Select module 11 in the Portal, this opens up the “Revise WSP after an incident” dialog (Figure 75).

» Module 1: The WSP team - o P
I Revise WSP after an incidentl (2} X

» Module 2: Water supply system oL

» Module 3: Hazards and risks ;

» Module 4: Control measures { Revision #

» Module 5: Improvement plan { |Date

» Module 6: Monitoring control measures Cause of the problem

» Module 7: Verification of WSP Hazard identified at WSP risk

» Module 8: Management procedures [ Actions

» Module 9: Supporting programmes Communication problems

» Module 10: Periodic review of the WSP IR O

ity Lo Risk assessment improvements
» Module 11: Revision after an incident X

Procedure improvements

Training improvements

Communication improvements

7= Emergency response

| Céted'lvoire .

Figure 75: Revising the WSP after an incident in the Portal

e Clicking on “New” allows you to start adding information in the dialog
e C(Clicking on “Open” allows you to see information on previous reviews that were recorded in the
Portal

e C(Clicking on “Edit” allows you to edit the information
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Exercise: Module 11 — Review the WSP After an Incident
With your team members first discuss:
e Have you reviewed the WSP after an incident? What kind of incident occurred?
e What climate hazards might result in an incident at your water utility?
e What would be the impact on the water supply system (e.g. flood damages to
infrastructure)?

e What other climate related incidents could occur within the water utility

Based on the discussion with your team enter information into the WSP application:
e Open Module 11 in the WSP application.
e Assume that one of the incidents has occurred at the utility, review the incident and

input the results of the discussion into the WSP application under Module 11.

10. Concluding Remarks

The Flood and Drought Portal provides a useful set of applications that assists utilities with assessing how
components of their system may be affected by climate change. The data and information application is
particularly useful as it provides a variety of climate change related datasets in one location. This prevents
the need of having to access and register with different websites/Portal. The data is updated in near real-
time, thus allowing water utilities to monitor the current status and how these conditions change over

time.

Itis strongly suggested that the proposed methodology of incorporating climate change impacts into WSPs

presented within this guidance document should be tested at a number of sites, and further refined (as

required) based on local conditions and circumstance.
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Appendix A: List of Possible Hazards and Hazardous Events

Hazardous event

Decrease in mean annual precipitation, reduction in runoff and higher loss of water from vegetation and evaporation due to higher
temperatures.

Increase temperature and shifting of precipitation patterns will alter seasonal runoff and storage of water in snowpack’s. These disruptions
in water supply could strain the capacity of reservoirs to hold large and earlier peak runoff flows, cause shortages in the summer due to the
longer hot and dry season and compromise biodiversity goals

Less annual total precipitation concentration in fewer, more extreme rainfall events. Lower precipitation will lead to lower streamflow in
many locations, which may lead to diminished water quality. Turbidity from sediment washing downstream following storm events also
impacts water quality, particularly in areas where fires have diminished the ability of landscapes to hold soil. Diminished water quality in
receiving water may lead to more stringent requirements for wastewater discharges and impacts to ecosystems that area sensitive to
temperature

Projected sea-level-rise, combined with higher water demand from coastal communities, can lead to saltwater intrusion in both coastal
groundwater aquifers and estuaries. This may reduce water quality and increase treatment costs for water treatment facilities drawing from
coastal aquifers or surface water intakes in tidal estuaries near the saltwater line. Desalination plants may have to treat water with higher
salt content, which would also increase costs.

Higher temperatures can lead to algal blooms, which compromise source water quality and may require more advanced treatment.
Intense precipitation events may occur more frequently, concentrating the annual total rainfall into episodes that challenge current
infrastructure for water management and flood control. When the protection fail, inundation may disrupt service and damage infrastructure
such as treatment plants, intake facilities and water conveyance and distribution systems. Episodic peak flows into reservoirs will strain the
capacity of these systems. Furthermore, inflow will be of lesser quality due to soil erosion and contaminants form overland flows, leading
to treatment challenges and degraded conditions in reservoirs.

In locations where sea-level rise is combined with projected increases in storm frequency or intensity, coastal storm surge may increase in

frequency and extent. This combination results in inundation of coastal areas and damage to infrastructure such as treatment plants, intake

Hazard

Physical

Physical

Microbial

Physical and Chemical

Microbial

Physical

Physical

Physical Conditions
Drier

Wetter

Drier

Wetter and Drier

Drier

Wetter

Wetter
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facilities, water conveyance and distribution systems, and may result in disruption of service. Drinking water treatment plants are typically
not as vulnerable as wastewater plants to coastal flooding, as they are often located at higher elevations. However, desalination plants
would be vulnerable to sea-level rise and storm surges. Moreover, cities built on coastal estuaries may not have much high ground and
could be strongly affected by changes in sea level or storm surge magnitude
Sea-level rise and increasing frequency of damaging tropical storms can lead to losses of coastal and stream ecosystems. Loss of coastal
wetlands can reduce the buffer against coastal storms, leading to damage to coastal treatment plants and infrastructure, such as intake
facilities and water conveyance and distribution systems, and may cause disruption of services.
Changes in climate coupled with potential droughts or changes in evaporation and soil-water retention, may lead to increased risks of
wildfire. Fires present a direct risk to property and infrastructure, in addition to potential degradation of water supply. Runoff and flash
floods from burned areas can increase sedimentation in reservoirs, reducing their capacity and effective service lifespan. In reservoirs,
increased pollutant loads, such as heavy metals and nutrients, could result in higher turbidity, algal blooms and subsequent higher treatment
costs.
Drought may increase in frequency and severity in some areas due to projected declining precipitation and increased loss of water from
vegetation and evaporation. High temperatures will reduce snowpack, thereby decreasing water storage. This results in decreased
streamflow, reservoir safe yield and groundwater recharge. These impacts will reduce the available supplies for water systems dependent
on surface water as well as groundwater, and potentially lead to service disruption.
Water usage in energy generation depends on many factors and is significant in scale. Where the energy required by the water sector to
provide services is also significant.
Population growth as well as climate change impacts, such as increasing temperatures and the increased risk of prolonged periods of

droughts, can contribute to unsustainable demands on water services and thus increase the risk of water shortages

Physical

Physical, Chemical,

Microbial

Physical

Physical, Chemical,
Microbial

Physical

Wetter

Drier

Drier

Wetter and Drier

Drier
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Appendix B: List of Possible Control Measures

a)

b)

d)

e)

f)

h)

j)

k)

p)
q)

Use the Portal to monitor the weather conditions for rainfall and temperature.

Finance systems to recycle water this can include greywater for homes and businesses

Reduce agricultural and irrigation water demand by working with irrigators to install advanced
equipment (e.g. drip or other micro-irrigation systems with weather-linked controls)

Practice demand management through communication to public on water conservation actions and
implementation features such as: water metering, leak detection, water loss monitoring. Award those
who has installed water conserving appliances/toilets/rainwater harvesting

Monitor surface water conditions, including river discharge, snowmelt, and streamflow

Practice fire management plans in the watershed, such as mechanical thinning, weed control, selective
harvesting, controlled burns, and creating more fire breaks.

Manage reservoir water quality by investing in practices such as lake aeration to minimise algal blooms
due to higher temperature

Monitor vegetation changes in watersheds

Monitor and inspect the integrity of existing infrastructure

Monitor flood events and drivers that may impact flood and water quality models (e.g. storm intensity
and sea level)

Practice conjunctive use of water. Example, storing groundwater in the wet months and using the
water in the dry months.

Improve energy efficiency of operations (e.g. installing more energy efficient pumps)

Optimise operations by restricting some energy-intensive activities during the summer to times of
reduced electricity demand (i.e. night time) and work with energy utility on off-peak pricing

Practice water conservation and demand management to reduce energy demand and associated costs
Minimise the water used in space cooling equipment in accordance with manufacturer
recommendations. Shut off cooling units when not needed.

Ensure that fire hydrants are tamper proof to eliminate unauthorised consumption of water

Promote water efficient landscape practices for homeowners and businesses, especially those with
large irrigated properties. Practices can include the use of native plants, landscape renovation to
reduce water use, use of greywater for irrigation.

Enforce or support regulations, ordinances or terms of device that prohibit water waste and address

irrigation and other design inefficiency and misuses of water.
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s) If permitted by local ordinances, encourage industrial and commercial customers to harvest rainwater
and use condensate from large cooling systems to be used on-site for irrigation and other non-portable

uses.
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