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1.1 Background  
 and objective

Every year, emerging economies and developing coun-
tries invest billions in long-term infrastructure projects. 
However, their plans often fail to take account of fu-
ture climate change. This leads to high risks of damage 
and misguided investments that harbour potentially se-
rious consequences for the economy and society. Many 
countries – amongst them Brazil, Costa Rica and Vi-
et Nam – have now launched efforts to raise the resil-
ience of their infrastructure, prioritising this as a target 
in their Intended Nationally Determined Contribu-
tions (INDC).

Known as Climate Services, user-oriented climate in-
formation and products (e.g. risk and vulnerability as-
sessments) that enable public and private decision-
makers to manage climate risks and opportunities form 
a major cornerstone for achieving this target. Many 
countries so far lack the institutional, technical and ser-
vice-related conditions they need to set up and main-
stream Climate Services in their planning procedures 
and regulations. Amongst the first international initia-
tives to take up this challenge is the Global Framework 
for Climate Services (GFCS) of the World Meteorolog-
ical Organization (WMO).

The objective of Climate Services in the context of cli-
mate risk assessments is to empower decision-makers to 
assess the risk of climate for the infrastructure of con-
cern in order to make decisions on adequate adaptation 
measures. However, climate information is mostly pre-
sented in a very technical way, which is often not un-
derstandable for non-climatologists and thus of limited 
use for decision-making. Climate information is often 
perceived as black box and results are taken for granted 
without being challenged, despite the existence of part-
ly significant uncertainties. Thus, the objective of this 
guidance is to approach this problem and provide sug-
gestions on how climate information should be pre-
sented to decision-makers in order to support adequate 
decisions regarding the assessment of risks. 

1.2 Scope

The guidance implies a review process of climate infor-
mation that is provided within a technical report like a 
risk assessment report. The guidance provides a struc-
ture on how climate information should be presented 
in a user-friendly way. ‘User-friendly’ refers to the usa-
bility of the climate information for the risk-assessment 
team in order to make best possible decisions on the as-
sessment of risks for the specific infrastructure of con-
cern. Hence, the guidance is to be understood as an ac-
companying piece to a risk assessment report itself and 
addresses the risk assessment team, which comprises 
decision-makers (users), intermediates (value-adders) 
as well as climatologists (providers) of climate informa-
tion.

Specifically, this guidance provides the reader with an-
swers to the following questions:

1. What Climate Services are needed for climate-
proofing infrastructure projects? One challenge 
often faced by decision-makers seeking to climate-
proof their infrastructure is to know what informa-
tion they need. By showing the information used 
in the case of the Cai Lon – Cai Be project and the 
process for arriving at the information, this Guid-
ance will allow decision-makers to get a better idea 
of what they need and how to get it.

2. How were the Climate Services developed? By giv-
ing insight into the process of developing the Cli-
mate Services, the idea is to make it easier to rep-
licate the process in the future. This way, it helps 
decision-makers to mature in the sense that they get 
a better understanding of how to obtain the infor-
mation they need.  It also helps to understand better 
what are causes behind uncertainty and how uncer-
tainty may be reduced in the future.

3. How and for what purposes can they be used? 
Part of a Climate Service is receiving guidance on 
for what purposes and how the information provid-
ed can be used. One key element of this is under-
standing the uncertainty that comes with the infor-

1 Introduction
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mation and what it implies for the conclusions that 
can be drawn from it for the specific context of con-
cern.

4. How may Climate Service communication be en-
hanced in the future to make them more usable 
and thus more effective? It being a pilot risk assess-
ment, there were not yet any standardized proce-
dures in place for developing the Climate Services. 
The focus is mostly put on the technical develop-
ment of the required services (struggling with low 
quality or even lacking data) neglecting the aspect of 
information communication in order to make it us-
able. Based on the experiences from the assessment, 
options are presented on how the process may be 
further streamlined in the future.

1.3 Structure 

In order to provide the reader with guidance towards 
how to present climate information in a more us-
er-friendly way and thus attain a better assessment of 
risks, this document has been structured in the follow-
ing way. 

Chapter 2 entails information about the two oppos-
ing approaches for assessing climate risk and their im-
plications on climate information. This is followed 
by a sub-chapter describing the development of cli-
mate information subdivided in 4 steps as well as the 
main uncertainties within each step. Along each of the 
4-steps, sub climate products are developed. To en-
hance the user-friendlier presentation of those sub 
products, 

Chapter 3 suggest a methodology built upon a 7-steps 
procedure for each of the 4-steps. General recommen-
dations are also given in this chapter. 

Finally, for a better understanding of the methodolo-
gy, the procedure for each of the 4-steps has been ex-
emplified by applying it to the risk assessment for the 
Cai Lon – Cai Be sluice gate project in Vietnam.  

1

2

3

4

Houses on the banks 
of the Mekong river in 
the Kien Giang province,  
Vietnam.  
Photo: ©GIZ/Thomas Imo/photothek.net; ti

Steps
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2.1 Challenges for the integration  
 of climate information into risk  
 assessments

The main challenge of integrating climate informa-
tion into risk assessments are opposing approaches 
for assessing climate risks and adaptation options and 
its implications for the design of climate information 
products. The two main categories of approaches are 
commonly depicted as ‘top-down’ and ‘bottom-up’ ap-
proaches, which refers to the sequence of steps need-
ed to develop adaptation and disaster risk management 
plans Figure 1. The ‘top-down’ approach has the open-
ing question: “what if climate extremes change accord-
ing scenario x, y, z?” and thus starts with the analysis 
of relevant climate changes and then following the im-
pact-chain downwards assessing relevant impacts and 
design and assess adequate adaptation options. This 
classic approach is commonly applied in most climate 
change research activities and thus for the develop-
ment of climate information products. The portfolio of 
climate change information products is characterized 
by classic climate parameters and indices (e.g. ECVs) 
which have a broad applicability and a high quality.  In 
contrast, small-scale parameters and phenomena which 
cannot be resolved by the climate models and do not 
provide sufficient quality are neglected. 

In contrast: the ‘bottom-up’ approach starts with the 
question: “where are the sensitivities, thresholds, and 
priorities considering climate variabilities?” and thus 
follows the impact-chain backwards (upwards). Bot-
tom-up approaches start on the level of decision-mak-
ers and are per definition tailored to the user’s specific 
context. They are thus very useful for the identification 
and prioritization of specific coping and adaptation op-
tions. However, the climate information required for 
this approach also needs to be tailored to the specif-
ic context reflecting individual critical climate condi-
tions and thresholds. Standard climate projections pro-
vided by the climate research community are often not 
available at the scales relevant for the decision-maker; 
they are often not applicable for the specific purpose of 
the decision-maker and do often neglect current risks 
from natural climate variability and from non-climat-
ic stressors as well as key uncertainties along with their 
implications for decision-making on adaptation.

The consequence is, that for climate risk assessments 
that are based on a bottom-up approach (like the 
PIEVC protocol) the individual tailoring and contex-
tualization of climate information is required in or-
der to make them useful for specific contexts. Further-
more, guidance on the interpretation of non-perfectly 
suitable climate information and the handling of partly 
high uncertainties is necessary to make the information 
usable for decision-makers. 

2 Conceptual background
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Figure 1  
Top-down and bottom-up approach. Top-down scenario (left panel) and bottom-up approach (right panel) 
– comparison of stages involved in identifying and evaluating adaptation options under changing climate 
conditions (IPCC-SREX 2012)

2.2 Development of climate informa-
tion products – 4-step approach

The climate risk assessment for specific objects com-
monly follows a bottom-up approach (Figure 1 right 
side). The development of relevant climate information 

products for the risk assessment occurs parallel to these 
steps. In general, this process can be aligned to step 2 
and 3 in Figure 1. 

‘Climate Models, Scenarios, Impact-First’ 
top down

Begin with the 
question ‘What if 
climate extremes 
change accord-
ing to scenarios 

x,y,z?’

Begin with the 
questions: ‘Where 
are the sensi-
tivities, thresh-
olds and priori-
ties considering 
climate variabil-

ities?’

‘What can com-
munities cope 

with?’

Start with cli-
mate change 

models, scenar-
ios, impacts, as-
sessments, re-

ports, etc.
Input climate 
change projec-
tions and other 

relevant informa-
tion about under-

lying drivers

Design and assess 
adaptation options for 

relevant impacts

‘Vulnerability, Thresholds-First’,  
bottom up 

Evaluate outcomes

Identify vulnerabilities, 
sensitivities, threshold; 

propose adaptation 
measures

Evaluate outcomes

Assess tradeoffs 
between adaptation 

options

Structure impacts 
problem

Identify development 
context, hazards and 
vulnerability problems

Assess relevant 
climatic changes 

from climate change 
models, downscaling

Assess relevant 
impacts based on 
projected climate 

changes

Assess adaptation 
measures and timing 
for action against 
climate change 

scenarios

Step 2 

Develop-
ment of 
relevant 
climate 
informa-

tion

Step 3 
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Cai Lon – Cai Be  
sluice gate.  
Photo: ©GIZ/Ngoc Nguyen Thi Minh
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Going into detail, the process of climate information development can be subdivided in 4 steps which are detailed in 
Figure 2.

Figure 2 
4-step-approach of climate service development for climate risk assessments in the context of a bottom-up 
approach.

Vul-
nerability is the 

degree to which a system is 
susceptible to, and unable to cope 

with, adverse effects of climate change, 
including climate variability and extremes 

[…] (Fritzsche et al. 2014).

A climate-impact chain that interlinks an 
undesired impact with a relevant climate 
stressor describes a vulnerability. A vulner-
ability is sufficiently described when the 
cause-effect relationship between climate 
(exposure) and the component of concern 

is identified and factors that influence 
that relationship (sensitivities) 

are characterized.

Clim
ate information product

The 
threshold provides a 

quantitative characterization of a 
threatening climate-related stressor at 

which an undesired impact occurs. The impact 
threshold characterizes the critical physical condi-

tions of the component of concern at the time of 
impact. The climate threshold characterizes the 

critical conditions of the climate-related stressor 
at the time of impact. “Climate-related” refers here 
to primary stressors (climate parameters) as well 
as to secondary (climate-induced) stressors like 
e.g. hydrological parameters.

A climate threshold is generally characterized by 
a critical magnitude and optionally by specifica-
tions regarding duration, frequency and timing. 

The climate-related stressor can be represented 
by a single climate-related parameter or by a 

combination of parameters that together 
define the event (e.g. as index or 

phenomenon).

Cl
im

at
e i

nfo
rm

ation product

“The 
concept of ‘climate 

change vulnerability’ helps us 
to better comprehend the cause/effect 

relationships behind climate change and its 
impact on people, economic sectors and socio-

ecological systems” (Fritzsche et al. 2014). 

The detailed characterization of the climate-related 
vulnerability of an infrastructure component has a  
threefold purpose: (i) to assess the relevance of a  
component affected by climate-related events regard-
ing the significance of impacts and consequences; 
(ii) to qualitatively characterize the climate-
related stressor as accurate as possible for the 

up-coming risk assessment (preparation for 
step 2); and (iii) to identify relevant 

time slices for climate projec-
tions (step 4)

Purpose

The 
definition of a 

climate threshold value is 
the basis for the identification and 

selection of an adequate climate infor-
mation product. Based on a well-defined 

climate stressor during the vulnerability 
characterization (step 1), it defines the rele-
vant climate-related parameter or index of the 
climate stressor as well as the appropriate 
mode of statistical analysis. Furthermore, a 
threshold value provides a reference for 

interpretation of results from climate 
analysis and the assessment of 

uncertainties.

Purpose

Step 2  
Determination of 

thresholds

Step 1  
Characterization 
of vulnerability
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The 
key product is a 

time series of observed 
values of the identified climate-

related parameter for the locality or 
region of interest. The time series is 

often provided as graph accompanied with 
text that highlights key results, which are 
provided by the figure and relevant for 
the context of analysis as well as infor-
mation on uncertainty. If appropriate, 

information is provided on trends 
and incremental changes to 

the baseline.

Cl
im

ate information product

The 
analysis of ob-

servations of the identified 
climate-related parameter has a 

twofold purpose: (i) past and current 
exceedances of identified climate-related 

thresholds (step 2) can be assessed which 
helps to relate and assess the probability 
of projected threshold exceedances; (ii) 
historic time series allow the analysis of 
observed trends and the conduction of 

sensitivity analysis, which help to 
assess future developments of 

the climate parameter 
(step 4).

Purpose

The 
key product are cli-

mate projections. The output is 
mostly provided in form of maps or 

in form of diagrams (box-plots) for spe-
cific regions or individual stations. Informa-

tion on future occurrence is provided for a 
specific time slice (near future, mid future, 
far future) and specific scenario. Results 
are provided as value ranges referring to 
the results of the individual model-chains 
(members) of the ensemble. If no (useful) 
projections are available, trends of time 

series (step 3) may also provide some 
indications on future develop-

ments of the critical climate 
event.

Cl
im

at

e i
nformation product

The 
information on 

future occurrence of critical 
climate events is the key informa-

tion for a climate risk assessment. 
Decision-making regarding climate 
adaptation measures mainly refer to this 
information: (i) this climate information 
indicates if climate adaptation is necessary 
at all and (ii) which levels of types of 
adaptation need to be considered refer-

ring to the degree and certainty of 
changing occurrence of critical 

climate events.

Purpose

Step 3  
 Historic climate 

analysis

Step 4  
Future climate 

analysis
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1

2

3

4

Step 3  
 Historic  
climate analysis

Step 4  
Future climate analysis

Step 2  
Threshold

Step 1  
Vulnerability
 y Incomplete 
description and 
characterization

 y threshold value 
does not fit the 
real impact value

 y Missing and low  
quality data
 y Not issue oriented 
analysis (uncertainty  
in step 2)

 y Missing and low quality 
data 
 y Not issue oriented  
analysis (uncertainty  
  in step 1)

2.3 Cascade of uncertainties

The provision of climate-related information is always 
accompanied by uncertainties. The emergence of un-
certainties in climate information has various sourc-
es and can be referred to the individual steps of climate 
information generation Figure 3. 

In step 1 uncertainties mainly refer to the 
incomplete description and characteriza-
tion of vulnerabilities. Besides incomplete 
process understanding (which refers to the 
current state of research) the main reason 
for the emergence of uncertainties with-

in this step is an undervaluation of this assessment pro-
cess.

In step 2 uncertainties refer to a mismatch of 
impact threshold and actual impact as well as 
a mismatch of climate threshold and impact 
threshold. Main reasons for the emergence of 
uncertainties are missing quantitative thresholds 

that require more elaborated impact analysis, which is 

limited due to non-existent or non-accessible impact 
data. However, a second major reason is a lack of ef-
fort that is put into the assessment of such thresholds, 
which is interlinked with the characterization of vul-
nerability (step 1).

In step 3 uncertainties mainly refer to missing 
and/or low quality observation data. However, al-
so the type of analysis of the existent data, which 
is often not as issue orientated as possible (e.g. 
threshold analysis) as well as the presentation of 
the data and results contribute significantly to un-
certainty.

In step 4 uncertainties mainly refer to miss-
ing and/or low quality projection data. Al-
so in this step, a better tailoring (i.e. selecting 
threshold-related parameters and methods of 
analysis) and communication would help to limit un-
certainties. This, however, requires a good characteri-
zation of the vulnerability as well as a well-developed 
climate service provider that is able to tailor climate in-
formation.

Figure 3  
Overview of the uncertainties within each step. Arrows indicate the cascade of uncertainties.



A Guidance on how to interpret climate information for the assessment of climate risks  Example of the Cai Lon – Cai Be climate risk assessment (Vietnam) Part I Overview of the methodology and the suggested structure 2 Conceptual background

15

In summary it can be concluded that whilst many un-
certainties refer to missing or low quality data, ma-
jor uncertainties can be avoided or minimized by is-
sue-oriented analysis of existing climate data, a smart 
and vivid presentation of climate information as well 
as a thoroughly conduction of step 1 and 2. The latter 
are even considered as key since the characterization of 
vulnerability is basis for the identification of the rele-
vant threshold values, which is in turn the reference for 
analysis of any climate data. Thus, uncertainties that 
emerge within step 1 and 2 are uncertainties that re-
fer to the accuracy of the entire climate risk assessment 

(i.e. defining the target) Figure 4. In contrast, uncer-
tainties that emerge within step 3 and 4 are uncertain-
ties that refer to the precision of the analysis (i.e. trying 
to hit the target continuously). Consequently, perfect 
(i.e. highly precise) climate data is of little use if the tar-
get is not well defined. However, uncertainties in the 
definition of the target are less dependent on climate 
data but on the effort and expertise that is involved in 
this process. Thus, uncertainties (and hence the usa-
bility of climate information) can be significantly en-
hanced by valuing the processes of vulnerability charac-
terization and threshold determination.

Figure 3  
Overview of the uncertainties within each step. Arrows indicate the cascade of uncertainties.

Info box on the definition of accuracy and precision: 

The dart game is about precision and accuracy. To win the 
game you select your target regarding the demands of the 
game (e.g to make many points as possible you might want to 
select “triple twenties”). Selecting an adequate target refers 
to “accuracy”. Furthermore, you want to hit the target as fre-
quently as possible. The more often you hit the target the more 
“precise” are your throws. If you, for instance define your tar-
get wrong (e.g. by selecting the bulls eye), you will fail to at-
tain the aspired goal (to make as many points as possible), 
even if you throw precise. Whereas accuracy is the first step 
towards reaching the goal, hitting the target is also a condi-
tion to win the game. Even when the target is well defined (as 
in the dartboard), it is also possible to miss the target due to 
low precision of the throws. 
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3.1 Scope

The basic assumption of this guidance is that there are 
always, no matter how good the data basis, unavoid-
able uncertainties in climate data and information. 
Thus, in order to make this imperfect information use-
ful and usable for decision-maker, uncertainties need 
to be highlighted and accompanied with relevant infor-
mation and guidance in order to support interpretation 
and contextualization. 

3.2 Procedure
The guidance implies a review process of climate in-
formation provided within a technical report like a risk 
assessment report. Hence, the revision of the climate 
information products refers to the presentation and 
communication of this information in a user-friendly 
way. The user-friendly presentation comprises relevant 
explanation of graphs and figures as well as adequate 
documentation and communication of uncertainties 
and data quality. Furthermore, a contextualization of 
the climate information and its uncertainties is provid-
ed, which enhances the interpretation of the climate 
data for the specific issue. The provided contents are 
not being challenged, i.e. it is assumed, that the pro-
vided climate information is the best possible informa-
tion that is available and achievable in the assessment 
context. Consequently, no new analysis has to be done 
and no additional data has to be collected. Only exist-
ing material is supposed to be used and restructured ac-
cording the guidance’s structure. If applicable, existing 
information can be visualized in an appropriate way 
that implies the generation of new figures. Further-
more, complementing interpretation of existing data 
can be done if required.

Additionally, guidance information on the purpose and 
characteristics of provided information is given as well 
as recommendations on enhancing the communication 
of climate information for better interpretation and 
thus decision-making.

3.3 Structure

Climate information products are generated within a 
4-step approach as outlined in Figure 2. For each step, 
an individual (sub-)product is generated. In order to 
provide a comprehensive synthesis of the (sub-) prod-
ucts with all relevant information the following struc-
ture of product presentation is suggested below. A vis-
ual representation of the structure within each step is 
illustrated in Figure 5.

1. Purpose (What is the added value of this this infor-
mation?): the purpose of the presented product is 
briefly described. This information helps the user to 
classify the provided information and to see the add-
ed value for his specific context.

2. Output (What can be expected from this informa-
tion?): the scope of the product’s output is briefly 
defined and delineated. This helps the user to assess 
what he can expect from the product in terms of in-
formation and check the completeness of the pro-
vided information.

3. Figure (The figure - what does it show and how to 
read it?): a figure or graph displays the results of the 
(sub-) product. Accompanied text explains the con-
tent of the figure and how to read it. A figure or 
graph enhances the tangibility of the results and re-
veals the entire data volume. This enables the user to 
reconstruct conclusions on the results and empow-
ers him to make his own conclusions.

4. Results (The facts - what information is at the bot-
tom of the figure?): key results of the product that 
are displayed within the figure are extracted and for-
mulated in text form. This guarantees a misinterpre-
tation of the figure by the user or rather provides an 
agreement on the results. 

3 Methodology for a structured presentation  
of climate information
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Figure 5  
The structure of the project presentation within each step. Throughout each of the four steps climate products 
are developed. Thus, to enable decision-makers a better understanding of the information, limitations and op-
portunities of the climate products developed, the following structure was elaborated
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5. Data basis (Trust, but verify…! – what are the in-
gredients?): the data basis and methodical steps of 
product development are made transparent. This 
provides trust and empowers the user to assess the 
plausibility and robustness of the results as well as 
assumptions done by the information provider.

6. Uncertainties & limitations (Watch out!): limita-
tions in data quality, data availability and complete-
ness of information (output serves as reference) as 
well as uncertainties related to the results are explic-
itly outlined. Transparency on data and informa-
tion enables the user to make an adequate interpre-
tation of the data, to assess information robustness 
and to reconstruct assumptions made by the infor-
mation provider. 

7. Interpretation & contextualization (So what? - what 
does it mean?): concluding statements are formu-
lated (explicit assumptions) or derived (implic-
it assumptions) regarding the vulnerability con-
text based on the prevalent results and uncertainties. 
Such conclusions help the user to contextualize the 
results regarding the specific vulnerability of con-
cern.

A summarizing chapter provides an overview on the 
interpretation of the climate information as well as a 
summary and assessment of uncertainties. 

The presentation of the climate information is accom-
panied by comments that explain content added to the 
individual sections especially regarding “uncertainties” 
and “interpretation and contextualization”. The com-
ments also comprise guidance and background infor-
mation for the presentation of specific information 
content in order to enhance the usability in terms of 
understanding, transparency and credibility. This can 
be visualized in chapter 4 when applying the guidance 
to the case Cai Lon – Cai Be.

3.4 Added-value and recommenda- 
 tions on implementation

The benefit of this format of presentation of climate 
information is a better understanding of the climate in-
formation, how it is generated, its meaning and rel-
evance for the analysed vulnerability of concern and 
thus for the assessment of risks and the identification of 
adaptation options. It furthermore enables the evalua-
tion and prioritization of uncertainties as well as their 
consideration for the interpretation of the climate in-
formation.

The case-study in chapter Error! Reference source not 
found. can be understood as template for the imple-
mentation of the suggested structure for the presenta-
tion of climate information. However, some general 
recommendations, which also go beyond the presenta-
tion of climate information but address the assessment 
process as such, are summarized in order to enhance 
the generation of useful and usable climate information 
products:  

R1 – Conduct the process of vulnerability 
characterization very thoroughly 

A well-defined vulnerability is the basis of the entire 
risk assessment and determines the quality and usabil-
ity of the climate information to be developed. Take 
sufficient time and integrate comprehensive exper-
tise in order to describe and characterize the vulnera-
bility in detail. This also demands the explicit identi-
fication of an impact (how is the undesired situation 
characterized?) and its consequences (for infrastruc-
ture safety, operation, functionality and dependent sys-
tems) as well as the characterization of critical climate 
conditions (just identifying the climate variable is not 
enough). 
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R2 – Make a quick assessment of criticality 
as well as of adaptation options of each vul-
nerability

If a component emerges as not significantly critical for 
the safety and functionality of the infrastructure itself 
as well as for dependent neighbouring systems, from a 
further consideration of this component in the risk as-
sessment can be desisted. This saves time and resources. 
The characteristics of potential adaptation options de-
termine the lead-time of the decision (when do I need 
to know about critical climate conditions in order to be 
able to cope with it?) and thus the characteristics of the 
climate information. If the implementation of a pos-
sible adaptation option requires relatively short lead 
times the demand on climate projections is less signif-
icant.

R3 – Visualize the results from vulnerability 
characterization and threshold identification

Thresholds are the fundamental reference for the anal-
ysis of the climate data! Rework the results in a graph-
ical format in order to enable the reproduction and 
check of completeness and plausibility of cause-effect 
relations. Identify and characterize remaining uncer-
tainties as detailed as possible. 

R4 – Document uncertainties and make ex-
plicit assumptions

Unknown uncertainties make an adequate interpreta-
tion and contextualization of climate information diffi-
cult. Therefore, uncertainties should clearly be named, 
documented and justified. This especially refers to (i) 
the use of surrogate values or analysis methods, (ii) fac-
tors or data sets, which were not considered in the anal-
ysis; as well as (iii) deviations from standards (best 
practices) in climate data processing. Indications on the 
consequences of these uncertainty on the context of in-
terpretation are always recommended!

Where are uncertainties there are assumptions. Always 
try to make these assumptions explicit in order to avoid 
non-plausible conclusions (implicit assumptions) by 
the user. The formulation of assumptions help to check 
their plausibility. 

Transparency (of uncertainty) provides trust, which is a 
basic criterion for the usability of climate information.

R5 – Provide sufficient description of graphs 
and results

In the context of a climate risk assessment, climate in-
formation always has a specific purpose and is no inde-
pendent and stand-alone product. Always try to tailor 
the type of analysis and mode of visualization as well as 
highlight of results to the context of analysis. Provide 
sufficient description of the graph and its elements so 
that it can be well understood also by non-climatolo-
gists (non-scientists). Regard a uniform format of pres-
entation of climate data regarding units and scenarios 
(time slices) in order to make them comparable. If re-
quired, provide extra guidance (by text of graphs) to 
understand the benefit of the provided climate infor-
mation for the specific issue.
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View of the Mekong  
at Can Tho, Vietnam,    
Photo: ©GIZ/Thomas Imo/photothek.net; ti
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1.1 Background

Like all countries around the globe, Vietnam is facing an infrastruc-
ture gap. This even though the country is allocating considerable fund-
ing to infrastructure investments. Following the medium-term public 
investment plan (Resolution No. 26/2016/QH14), 2 M billion VND 
of the state budget are available for infrastructure investment between 
2016 – 2020, equivalent to 400,000 billion VND or USD 20 billion 
per year (around 9 % of GDP). Though already considerable, this fund-
ing will only meet 30 % of the investment needs of ministries and lo-
calities (MPI (2020)). 1 At the same time, Vietnam is one of the coun-
tries more vulnerable to climate change where disasters and extreme 
events caused direct losses of around 1.5 % of GDP each year for the last 
15 years. 2    

If infrastructure in Vietnam is to remain a pillar of success and econom-
ic development, it will be necessary to make it more resilient towards cli-
mate change. This means funding for climate change adaptation efforts 
is needed to climate-proof infrastructure and make society and economy 
more resilient. Part of this is finding the right tools and information that 
help identify and prioritise the most effective and efficient ways for miti-
gating climate risks.

1.2 Making Infrastructure in Vietnam Climate    
 Proof

Vietnam is working with the global project Enhancing Climate Servic-
es for Infrastructure Investments (CSI) to climate-proof its infrastruc-
ture. CSI is implemented by the Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ) GmbH in cooperation with the German Meteor-
ological Service (DWD) and Engineers Canada. The project is funded by 
the German Federal Ministry for the Environment, Nature Conservation 
and Nuclear Safety (BMU) as part of the International Climate Initiative 
(IKI). In Vietnam, CSI works with the Ministry of Planning and Invest-
ment (MPI), Ministry of Agriculture and Rural Development (MARD) 
and the Ministry of Natural Resources and Environment (MONRE) to 
make better use of tailor-made climate information and climate risk as-
sessments (i.e. Climate Services) for the planning and management of in-
frastructure. 

1 http://www.mpi.gov.vn/en/Pages/tinbai.aspx?idTin=41648&idcm=128 
https://ashui.com/mag/chuyenmuc/nang-luong-moi-truong/14147-co-so-ha-tang-la-
nen-tang-de-chong-bien-doi-khi-hau.html

2 https://vietnamnews.vn/environment/376860/disasters-a-threat-to-vn-development.
html

1 Introduction

https://www.international-climate-initiative.com/de/details/project/verbesserte-climate-services-fuer-infrastrukturinvestitionen-csi-555
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Part of this cooperation was piloting a climate risk assessment for the 
Cai Lon – Cai Be sluice gate project. It is an infrastructure investment 
project still in the initial stages of development, which will be ready by 
the end of 2021. This assessment served a variety of objectives:

   Create capacities for implementing climate risk assessment for 
infrastructure in Vietnam.

   Test and validate one approach for climate risk assessment for 
infrastructure to see how it may be adapted to the Vietnamese context.

   Analyse climate risks for the Cai Lon – Cai Be project to inform the 
detailed design.

1.3 Summary of main features of the  
 infrastructure and its region

The Mekong Delta accounts for 12 % of Vietnam’s territory and 27 % of 
its agricultural land, housing 22 % of the country’s population (World 
Bank (2012)).  It feeds 245 million people in Asia and worldwide 
(GIZ (2017)). As these numbers suggest, 76 % of the population of the 
Mekong Delta is engaged in agriculture (World Bank (2012)). These live-
lihoods are endangered already today by extreme events and human inter-
ventions, like upstream hydropower development, leading to a reduced 
water and sediment flow. Climate change is expected to exacerbate these 
negative impacts with expectations of more floods and droughts as well 
as some areas being permanently inundated due to sea level rise. Together 
with an increase in salinity intrusion, this will likely lead to the agricultur-
al production suffering. 

This high vulnerability is why the Mekong Delta was chosen as pilot re-
gion for the CSI project. Given the climate risks the region faces, coast-
al protection and other risk mitigation measures are of high relevance. At 
the same time, currently only sea level rise projections are taken into ac-
count in their design and planning. This is why the idea for the climate 
risk assessment was to analyze an infrastructure aimed at increasing resil-
ience, considering all potential climate risks, including changing trends in 
extreme events.  
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Cai Lon – Cai Be Sluice Gate 

The Cai Lon – Cai Be sluice gate project is one of the biggest investments funded by the 
Vietnamese government in the region, with expected costs of 3,300 billion VND (approx. 
142 M USD). It is categorized as Group A of construction works, level 1 of irrigation works for 
agriculture and rural development. The objective of the Cai Lon – Cai Be sluice gate project is 
to help mitigate climate risks, thereby allowing for a stable development in the region. Its main 
purposes are:

  Water management: Retaining freshwater during the dry season

  Controlling salinity: This also helps to resolve conflicts between coastal aquaculture and 
agricultural production of Kien Giang, Hau Giang and Bac Lieu provinces and contributes to a 
stable fisheries development in the coastal areas of Kien Giang province

  Strengthening drainage and flood water management

  Enhancing land and water navigation systems

For the risk assessment, the focus was placed on Cai Lon and Cai Be sluice, leaving out the 
other elements that are part of the bigger structure that will be the Cai Lon – Cai Be sluice gate 
system. The risk assessment was conducted using the basic design of Cai Lon – Cai Be sluices. 

Cai Lon – Cai Be sluice gate at a glance:

  Approved by the Prime Minister for Phase I in April 2017 (Decision No. 498/QD-TTg)

  Decision-making context: Basic Design stage, using the risk assessment results to derive 
recommendations for the detailed design

  Design Life: Overall 100 years, but design life for the components varies from 5 – 10 years for 
the watertight gaskets (made of rubber) to 70 – 100 years for the physical structures (made 
of concrete)

  Relevant Stakeholders:

  Ministry for Agriculture and Rural Development (MARD): Investor
   Water Resources Investment and Construction Board 10 (PMU-10): Project Manager 
assigned by MARD
  National Meteorological and Hydrological Administration (NMHA) under MONRE: Main 
Climate Service Provider for the assessment
  Southern Institute for Water Resources Planning (SIWIRP): Coordinator of the Climate Risk 
Assessment

  Size of the infrastructure:

  Cai Lon: 410 m wide, consisting of 11 sluices
  Cai Be: 85 m, consisting of 2 sluices
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For the selection of the specific pilot infrastructure, a Multi-Criteria-
Analysis was used. The idea was to identify a project that is 

i. highly vulnerable, 

ii. of high relevance for the economic development of the region and 

iii. provides a good example for infrastructures in the region in terms of 
replicability of the experience. In the end, the Cai Lon – Cai Be sluice 
gate project was selected.

It is located on Ca Mau Peninsula in the Cai Lon – Cai Be river basin. 
The area studied for the assessment covers about 909,248 ha, spread-
ing over 31 districts in 6 provinces (Bac Lieu, Ca Mau, Kien Giang, 
Hau Giang, Soc Trang and Can Tho City). It inhabits 20.6 % of the over-
all population of the Mekong Delta. People living in the area generally are 
low-skilled, depending on agriculture, forestry and aquaculture for their 
livelihoods. While aquaculture provides more income, it is deemed less 
stable than agriculture. Like in the rest of the Mekong Delta, salinity in-
trusion and annual flooding are the major risk factors. In addition, due to 
a lack of nearby freshwater sources, water scarcity is also problem faced by 
the local population. 

1.4 Review of Cai Lon – Cai Be climate information  
 for the vulnerability of the watertight gasket

This is done by the revision of the process of developing climate infor-
mation products in the context of climate risk assessments. This process 
is exemplified by the climate risk assessment for the Cai Lon – Cai Be 
sluice gate project (Vietnam) using the example of one specific infrastruc-
ture component. The climate information products developed in the con-
text of the climate risk assessment are presented in a format tailored to the 
needs of decision-makers.

As example for the guidance, the watertight gasket was selected. The wa-
tertight gasket is a component of the sluice gate. Its functionality is to 
prevent leakage of water through the gate when this is in a closed posi-
tion. The design life of the gasket is envisaged for 5 – 10 years. This com-
ponent was selected considering several factors like the quality of the 
existing climate information, the relevance for the infrastructure, the se-
verity of potential impacts and to the existence of typical uncertainties. 
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1 Purpose
 

 What is the added value of this this information?

2 Output
 

 What can be expected from this information?

3 Figure
 

 The figure - what does it show and how to read it?

4 Results
 

 The facts - what information is at the bottom of the figure?

5 Data basis
 

 Trust, but verify…! – what are the ingredienst?

6 Uncertainties & limitations
 

 Watch out!

7 Interpretation & contextualization = So what? - what does it mean?

Step 3  
Historic climate  
analysis

Step 4  
Future climate  
analysis

Step 2  
Threshold

Step 1  
Vulnerability

2 Steps
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Step 1  
Characterization 
of vulnerability

Kien Giang An Giang    
Photo: ©GIZ/Katharina Lotzen
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Step1 
Characterization of vulnerability

1 What is the added value of this information?

The detailed characterization of the climate-related vulnerability of an in-
frastructure component has a threefold purpose: (i) to qualitatively char-
acterize the climate-related stressor as accurate as possible for the up-com-
ing risk assessment; (ii) to assess the relevance of a component affected by 
climate-related events regarding the significance of impacts and conse-
quences; and (iii) to identify relevant time slices for climate projections. 

2 What can be expect from this information? 

A climate-impact chain that interlinks an undesired impact with a rel-
evant climate stressor describes a vulnerability. A vulnerability is suffi-
ciently described when the cause-effect relationship between climate (ex-
posure) and the component of concern is identified and factors that 
influence that relationship (sensitivities) are characterized 

3 The figure – what does it show and how to read it? 

 

 

 

 

Step 1  
Characterization 
of vulnerability

Comment  
The methodology of identifying 
and displaying vulnerabilities is 
adopted from the Vulnerability 
Sourcebook (GIZ 2014). For the 
context of a risk assessment, 
the factor “consequences” was 
added which helps to assess 
the criticality of the analysed 
component.
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Figure 6  
The climate impact chain for the climate-related vulnerability of the watertight gasket
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The vulnerability is marked by a red box. The dark-yellow box indicates a potential climate-related impact that 
causes the vulnerability. Blue boxes indicate climate variables and phenomena which trigger the potential im-
pact and to which the component is thus exposed. Light-yellow boxes indicate intermediate impacts of the im-
pact chain. Green boxes indicate sensitivity factors, which control the effect the climate triggers on the inter-
mediate impacts and the final impact. Orange boxes indicate consequences of the climate-related impact. Grey 
boxes indicate adaptation options that may help to reduce the vulnerability and thus the occurrence of subse-
quent consequences. Pale coloured boxes with dashed frames indicate uncertain or missing information (own 
figure aligned to GIZ (2014). 

Step 1 | Characterization of vulnerability

Step 1  
Characterization 
of vulnerability
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Comments 
Information on sensitivities 
is relevant in order to assess 
the significance of the climate 
stressors for the deterioration 
process (cause-effect) and how 
this relation is characterized. 
The knowledge of sensitivities 
enhances the identification of 
threshold values as well as 
the identification of adaptation 
options.

4 The facts - what information is at the bottom of the figure?

The gasket deterioration is mainly caused by the mechanical stress caused 
by the operation of the sluice gates. However, the rate of deterioration is 
sensitive to climate, which might have an influence on the lifetime of the 
gasket. The consequence of gasket deterioration may the limitation or 
even loss of functionality preventing leakage of water through the gates. 
Adaptation options to higher deterioration due to intensified climate 
conditions would comprise regular maintenance of the gasket includ-
ing checking and exchange of the gasket when damaged. Furthermore, al-
ternative material could be developed which is more resistant to climate 
stressors.

Salt as well as high (water) temperatures are erosive agents for gasket ma-
terial (rubber) that are related to climate: the watertight gasket is exposed 
to saltwater when the gates are closed and exposed to heat when the gates 
are open. An increasing salinity of the river water as well as increasing air 
temperatures may enhance the deterioration of the gasket. Whereas the 
relation of (water) temperature to climate is obvious, the salinity may be 
increased due to the combined effect of high sea levels (due to thermal ex-
pansion and input of melt water) and reduced river flow (due to reduce 
precipitation and increased evapotranspiration). In addition, tropical cy-
clones can push seawater into the river channels and cause temporal in-
crease of salinity.   

5 Trust, but verify…! – what are the ingredients? 

Climate vulnerabilities of sluice gate components were identified by the 
inspection of design reports and discussion in a workshop with experts. 
Comment: the composition of experts should be named to assess the ex-
pertise that was integrated in this process.

6 Watch out!

   there are uncertainties on the sensitivities that influence cause-effect 
relationships. No information on sensitivities is provided: e.g. what are 
the factors that control the effect of salinity and heat on the rate and 
magnitude of gasket deterioration?

   there are uncertainties about the relationship between air temperature, 
salinity and deterioration process: how does air temperature and salin-
ity affect the process of deterioration? How do these two process inter-
act? Do they happen along each other or may they probably amplify/
hamper each other?

Comments 
The composition of experts 
should be named to assess the 
expertise that was integrated in 
this process.

Step 1  
Characterization 
of vulnerability
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   there are uncertainties on the consequences of a watertight gasket that 
loses its functionality before the designed life time is reached: what is 
the effect on the overall functionality of the sluice gate structure? What 
is the effect on operational processes? How feasible is the implementa-
tion of adaptation options? How critical are possible consequences? 
Comment: information on sensitivities is relevant in order to assess the 
significance of the climate stressors for the deterioration process 
(cause-effect) and how this relation is characterized. The knowledge of 
sensitivities enhances the identification of threshold values as well as 
the identification of adaptation options.

Comment: the process of deterioration needs to be understood well in or-
der to identify an impact threshold (step 2) and thus to be able to inter-
pret changes of the climate stressor (step 4)

Comment: the impact and consequences need to be clearly defined in or-
der to determine a risk. Furthermore, this is important information for 
the assessment of the component’s criticality and to identification of ad-
aptation options. 

7 So what? - what does it mean?

   The watertight gasket is vulnerable to high water/air temperature and 
increase of salinity

   The impact of intensified climate conditions may reduce the life time 
of the gasket

   Since the process between climate stressors and the deterioration pro-
cess is not defined in more detail, it is assumed that: 

  there is a linear relationship between temperature and deterioration 
as well between salinity and deterioration: the higher the air tem-
peratures, the higher the deterioration rate; the higher the salinity 
the higher the deterioration rate;

  the effects of heat and salinity on the deterioration process do not 
influence each other (e.g. no positive or negative feedback) but op-
erate separately and additive.

   Since the criticality of the consequences is not defined but the climate 
vulnerability is considered for further assessment, it is assumed:

  The consequences of climate impacts on the watertight gaskets are 
of significant relevance for the functionality of the sluice gate and 
other systems that are dependent on the services provided by the 
sluice gate.

Comments 
The process of deterioration 
needs to be understood well 
in order to identify an impact 
threshold (step 2) and thus to be 
able to interpret changes of the 
climate stressor (step 4)

The impact and consequences 
need to be clearly defined in or-
der to determine a risk. Further-
more, this is important informa-
tion for the assessment of the 
component’s criticality and to 
identification of adaptation op-
tions. 

Comment 
The assumptions formulated here 
are implicit, i.e. they are derived 
from the information collect-
ed above and the existent uncer-
tainties (i.e. missing information). 
If the implicit assumptions are 
incorrect, explicit assumptions 
need to be formulated or missing 
information to be collected. 

Step 1  

Characterization 

of vulnerability

Step 1 | Characterization of vulnerability
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Step 2  
Determination of 

thresholds

Mekong river bank 
ecosystem, 
Photo: ©GIZ/Harald Franzen
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Step 2 
Determination of impact and climate threshold

1 What is the added value of this information?

The definition of a climate threshold value is the basis for the identifica-
tion and selection of an adequate climate information product. It defines 
the relevant climate-related parameter or index as well as the mode of sta-
tistical analysis. Furthermore, a threshold value provides a reference for 
interpretation of results from climate analysis and the assessment of un-
certainties.

2 What can be expected from this information?

 A climate threshold is generally characterized by a critical magnitude and 
optionally by specifications regarding duration, frequency and timing. 
The climate-related stressor can be represented by a single climate-relat-
ed parameter or by a combination of parameters that together define the 
event (e.g. as index or phenomenon). 

3 The figure - what does it show and how to read it?   

Figure 7  
Representation of threshold

Absolut volume
expansion

[≥ 2%]

Temp.
Waterenv.
[Tmax ≥ 70°C]

Daily Tmax air
[8 consec. days≥ 

35°C ]

Daily Tmax air
[#days/yr≥ 35°C ]

Impact threshold Climate threshold

salinity
[≥ 3 g/l per 

hour]
?

?

 

On the left hand side, the interlinkage of impact threshold (green 
boxes) and climate thresholds (orange boxes) is visualized. Dashed 
lines and boxes indicate a knowledge gap or uncertainty regard-
ing the relationship (correlation) of the respective thresholds (own 
figure).

Comments 
There is no established format 
how to display the relationship 
of thresholds. This figure is a 
suggestion. The visualization of 
impact and climate thresholds 
helps to check which information 
is available and where the 
uncertainties are, i.e. where the 
formulation of assumptions are 
required.
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4 The facts – what information is at the bottom of the figure?

   An impact threshold of the watertight gasket related to temperature 
is defined by a maximum tolerable volume expansion of 2% in a water 
environment which corresponds to 70°C.

   Relevant climate-related thresholds which refer to the vulnerability 
of the watertight gasket were defined as follows: 

  “high water temperature” [Tmax ≥ 70°C]
  “high temperatures” [#days with Tmax ≥ 35°C],
  “heat wave” [period of 8 consecutive days with Tmax ≥ 35°C], 
  “salinity” [≥ 3 g/l per hour] and
  “salinity and high temperature” [[≥ 3 g/l per hour & #days with 

Tmax ≥ 35°C]

5 Trust, but verify…! – what are the ingredients?

Climate thresholds were determined by selecting extreme values refer-
ring to the baselines of the respective parameter. I.e. there is one thresh-
old value for each climate-related parameter. Temperature thresholds are 
not impact-related. The salinity threshold refers to concrete production 
standards for coastal areas.  Comment: the method for threshold deter-
mination has severe implications for the vulnerability of the component. 
This implies lot uncertainties (see below) that require explicit assump-
tions. 

6 Watch out!

   The impact-threshold related to water temperature is not characterized 
in detail: what exactly happens to the gasket when the provided thresh-
old is exceeded? Does the threshold have to be exceeded only once or 
several times within a specific period to decrease the gaskets capacity 
(i.e. life time)?

   The interlinkage of climate threshold for air temperature to the impact 
threshold is imprecise: how are temperature-related climate thresh-
olds for air temperature (#days with Tmax ≥ 35°C) and heat wave (8 
consecutive days of Tmax ≥ 35°C) and the impact threshold related? 
How is the capacity of the watertight gasket related to the temperature 
threshold?

   An impact threshold directly related to air temperature is not defined: 
what is impact of high air temperatures on the gasket? 

Comments 
A climate-related threshold 
was added here (high water 
temperature) which was 
originally not explicitly defined by 
the risk assessment team.

The method for threshold 
determination has severe 
implications for the vulnerability 
of the component. This implies 
lot uncertainties (see below) that 
require explicit assumptions. 

Water temperature was not 
identified as climate-related 
threshold. Thus, no climate 
analysis regarding water 
temperature was done. Instead, 
air temperature was taken 
as surrogate which again 
generates uncertainties about the 
interlinkage of air temperature 
on the threshold of water 
temperature. 
 
Uncertainties that came up in 
step 1 (limited understanding 
of the deterioration process, 
incomplete ) are reflected here in 
the threshold determination. 

Step 2  
Determination of 

thresholds
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Step 2 | Determination of impact and climate threshold

   An impact threshold related to salinity is not precisely defined: the 
provided threshold is valid for concrete. To what extend does this 
threshold also apply for rubber? What is the capacity of the watertight 
gasket related to the salinity threshold?

   An impact threshold for the combined effect of temperature and salin-
ity is not defined: how much salinity in combination with which tem-
peratures are critical for the process of deterioration of rubber? 

Comment: water temperature was not identified as climate-related 
threshold. Thus, no climate analysis regarding water temperature was 
done. Instead, air temperature was taken as surrogate which again gener-
ates uncertainties about the interlinkage of air temperature on the thresh-
old of water temperature.

Uncertainties that came up in step 1 (limited understanding of the deteri-
oration process, incomplete ) are reflected here in the threshold determi-
nation.  

Comment: if a threshold cannot be determined a surrogate value can be 
taken if necessary. However, plausible assumptions should be made re-
garding the representativeness of this value (i.e. systematic over- or under-
estimation).

7 So what? - what does it mean?

   Since impacts and consequences of climate-related threshold exceed-
ance are not sufficiently defined, it is assumed that the impact is effec-
tive on rather longer timescales similar as erosion. Consequently, it is 
assumed, that the climate-related thresholds can be understood as fol-
lows: 

  The probability for a decrease of the design life of the gasket below 
5-10 yrs increases with each day with Tmax ≥ 35°C and increases 
significantly when Tmax ≥ 35°C last for at least 8 consecutive days

   It also needs to be considered, that the identified climate threshold 
may have no relevance for the impact threshold, i.e. that 70°C water 
temperature will never or very difficultly be reached under prevalent 
climate conditions. Therefore it is assumed that

  The deterioration process is a continuous process with sub-critical 
failure mode which is enhanced at high temperatures and salinities

Comments 
Fundamental assumptions of 
the interaction of climate and 
deterioration process of the 
gasket need to be done due to 
uncertainties in step 1 and 2. If 
they are not plausible, step 2 
and/or step 1 has to be reviewed.

Comments 
if a threshold cannot be 
determined a surrogate value 
can be taken if necessary. 
However, plausible assumptions 
should be made regarding the 
representativeness of this value 
(i.e. systematic over- or under-
estimation). 

Step 2  
Determination of 

thresholds



38

A Guidance on how to interpret climate information for the assessment of climate risks  Example of the Cai Lon – Cai Be climate risk assessment (Vietnam) 

   Rubber deterioration is sensitive to similar salinity thresholds like con-
crete corrosion

  The probability for a decrease of the design life of the gasket below 
5-10 yrs increases with each time salinity exceeds 3 g/l per hour.

   The effects of heat and salinity on the deterioration process do not in-
fluence each other (e.g. no positive or negative feedback). I.e. both 
drivers enhance deterioration rates linearly. Comment: fundamental 
assumptions of the interaction of climate and deterioration process of 
the gasket need to be done due to uncertainties in step 1 and 2. If they 
are not plausible, step 2 and/or step 1 has to be reviewed.

Comment: these conclusions are made based on the provided informa-
tion above. If they are not plausible, step 2 and/or step 1 has to be re-
viewed.

Comments 
These conclusions are made 
based on the provided 
information above. If they are not 
plausible, step 2 and/or step 1 
has to be reviewed.

Step 2  
Determination of 

thresholds
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Step 3  
 Historic climate 

analysis

Construction of the  
Cai Lon-Cai Be sluice  
gate, Vietnam    
Photo: ©GIZ / Ngoc Nguyen Thi Minh
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Step 3 
Assessment of historical and current occurrence  
of critical climate events

1 What is the added value of this this information? 

The analysis of observations of the identified climate-related parameter 
has a twofold purpose: (i) past and current exceedances of identified cli-
mate-related thresholds can be assessed which helps to relate and assess 
the probability of projected threshold exceedances. (ii) historic time se-
ries allow the analysis of observed trends and the conduction of sensitiv-
ity analysis, which help to assess future developments of the climate pa-
rameter.

2 What can be expect from this information?

The key product is a time series of observed values of the identified cli-
mate-related parameter for the locality or region of interest. The time se-
ries is often provided as graph accompanied with text that highlights key 
results, which are provided by the figure and relevant for the context of 
analysis as well as information on uncertainty. If appropriate, information 
is provided on trends and incremental changes to the baseline. 

Threshold analysis for: air temperature

Threshold values:

   “high temperatures” [#days with Tmax ≥ 35°],

   “heat wave” [period of 8 consecutive days with Tmax ≥ 35°], 

Step 3  
 Historic climate 

analysis



41

A Guidance on how to interpret climate information for the assessment of climate risks  Example of the Cai Lon – Cai Be climate risk assessment (Vietnam) Part II Implementation  of the guidance:  Example from the  Cai Lon – Cai Be  climate risk assessment (Vietnam)    | 2 Steps

Step 3 | Assessment of historical and current occurrence of critical climate events

3 A) The figure - how to read it? 

Figure 8 
PIEVC report for Cai Lon – Cai Be infrastructure

The graph shows for each year between 1988 to 2017 (x-axis) the 
number of days with daily maximum temperatures equal or above 
35°C (blue beams; y-axis). The red line shows the trend of the de-
velopment of days with maximum temperatures ≥ 35°C over the ana-
lysed period. 

4 A) The facts - what information does the figure provide?

The graph tells that for the period from 1988-2017 

   The year with the most days ≥ 35°C was 2002. 

   In 10 of 30 years, the threshold of daily max. ≥ 35°C was not exceeded. 

   80% of the years the threshold was not exceeded are in the second 
(current) half of the time series (2003-2017).

   In average, each year 7.5 days ≥ 35°C with a decreasing trend (-0.13 
days per year).

   Additional information (not depicted in the graph): there were four 
heat waves (8 consecutive days with Tmax ≥ 35°C): two in 1988 and 
two in 2002 for which no trend can be determined.  

Step 3  
 Historic climate 

analysis

Comments 
It is not necessary to generate 
a figure for all results but it is 
always helpful to visualize all 
relevant information. E.g. heat 
waves could be integrate in 
Figure 8 by marking all years at 
which heat waves occurred. That 
enhances the readability and 
understanding of the results in 
the text. 

CCHIP.CA – Maximum daily temperature – Annual days count for >=35°C
Vietnam: Rach Gia – SIWRP (9099014) – 1988 to 2017 (*: incomplete year)
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5 A) Trust, but verify…! – what are the ingredients? 

   Temperature observations from Rach Gia climate station (ca. 20 
km from the sluice gates) were analysed for the period 1988 to 
2017. 

6 A) Watch out! 

   Data from only one climate station was analysed. This station was as-
sumed to be representative for the location of the sluice gates, however, 
data from one station may reflect very site-specific climate characteris-
tics or even may involve systematic measurement errors. 

   The type of analysis focuses on the exceedance of the daily 35°C 
threshold, which may not reflect the total truth about temperature de-
velopment within the period.  Comment: possible consequenc-
es of uncertainties for the results or the interpretation of results should 
be made transparent; if they are considered as not significant (and thus 
neglected) this must be justified. An open handling of uncertainties 
provides trust and credibility.

Recommendation: An additional analysis of the entire distribution of 
daily temperatures over the period would help to assess the trend of dai-
ly temperatures, which might increase even when extreme daily tempera-
tures ≥ 35°C do decrease.

Step 3  
 Historic climate 

analysis

Comments 
Possible consequences of 
uncertainties for the results 
or the interpretation of results 
should be made transparent; 
if they are considered as not 
significant (and thus neglected) 
this must be justified. An open 
handling of uncertainties provides 
trust and credibility.

Recommendation  
An additional analysis of the 
entire distribution of daily 
temperatures over the period 
would help to assess the trend of 
daily temperatures, which might 
increase even when extreme daily 
temperatures ≥ 35°C do decrease.
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Step 3 | Assessment of historical and current occurrence of critical climate events

7 A) So what? - what does it mean? 

   The purpose of the historic analysis is to determine “normal” climate 
conditions under which the vulnerability of infrastructure components 
is under control, i.e. they are adapted. Therefore it is assumed: 

  that a watertight gasket that is exposed to maximum daily tempera-
tures over 35°C by 7.5 days per year has deterioration rates that cor-
respond to a life time of 5-10 years.

Threshold analysis for: salinity 
Threshold values: “salinity” [≥ 3 g/l per hour] 

Step 3  
 Historic climate 

analysis

Comments 
This assumptions aligns to the 
assumption made in step 2: the 
climate threshold is not hard 
but it provides unfavourable 
conditions. However, for a risk 
analysis, it is good to know: how 
much is 7.5 days? What is the 
risk that this can happen under 
prevalent climate conditions 
(it is assessed as “frequent” in 
the PIEVC assessment report)? 
And how much can the gasket 
take before the process of 
deterioration is significantly 
enhanced (this questions refers 
back to step 1 and 2)?

If the assumption made here is 
correct, the threshold needs to be 
reconsidered: if the threshold is 
defined for daily max. Tair > 35°C 
but the actual relevant impact 
occurs at “x days per year with 
max. Tair > 35°C.the threshold is 
wrong. A wrong threshold has 
significant implications for the 
risk scoring: max. Tair > 35°C 
occur already “frequently” by 
having no relevant impact. I.e. 
there is high probability of a 
non-relevant event. However, a 
high probability of occurrence 
raises the risk score for the 
current risk. I.e. the risk will be 
overestimated. Furthermore, if 
the risk score is already high, its 
potential to increase in the future 
is limited even when the number 
of days with Tair > 35°C increases 
drastically (as suggested in 
Figure 9- 12). This in turn, would 
underestimate the increase of 
risk in the future.
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3 B) The figure - how to read it? 

Figure 9 
An overview of the hourly salinity concentration (in g/l) for the 
months from January to July (x-axis) for the period 1996-2017 at 
Xeo Ro station. 

The box whisker plots (y-axis) comprises hourly salinity values for 
each month for the last 22 years. The box plots can be read as fol-
lows: the box delineates the middle 50% of the population. The hor-
izontal line represents the median and divides the middle 50% into 
the upper quartile (75th percentile) and lower quartile (25th percen-
tile) of the population. The vertical lines (whiskers) indicate the val-
ues outside the box with a range that corresponds to one-and-a-half 
lengths of the box (interquartile range, IQR). The dots indicate values 
that are beyond that range and are considered as statistical outliers 
or extreme values. The end of each whisker or rather the last dot in-
dicate minimum or maximum values.

Hourly salt variation at Xeo Ro station from 1996 to 2017
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Step 3  
 Historic climate 

analysis
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Figure 10  
An overview of the temporal development of the salinity concentra-
tion (daily maximum concentration in g/l) at Xeo Ro from 1996-2017. 

The individual years are outlined on the x-axis and salinity concen-
tration values are outlined on y-axis (in g/l). Values from differ-
ent years are discriminated by colour. Grey lines indicate the trend 
of average daily max salinity concentrations over the period from 
1996-2017. The grey shaded area around the trend line represents 
the standard. 

4 B) The facts - what information does the figure provide? 

The graph in Figure 9 tells that for the period from 1995-2017

   the largest salinity concentration was 31 g/l (in May), 

   the average value was around 8 g/l (not depicted in the graph),

   the median value of salinity was highest in April

   minimum 75% of the hourly salinity concentrations are higher than 
the identified threshold of 3 g/l for the months January to June. Also 
for July this threshold is exceeded by around 25% of the values.

   When the rainy season begins (in June and July), the salinity concen-
tration tends to decrease

Comments 
The analysis of salinity does 
not refer to the identified 
threshold. Neither do the 
written results. This makes the 
climate information difficult to 
understand and interpret.

If there was no alternative to 
this analysis, results should be 
presented referring best possible 
to the threshold. (I.e. threshold 
value should be marked in the 
figure and results in the text 
refer to time periods where 3 g/l 
are exceeded; for the purpose 
of this guidance, this was done 
preliminarily by hand in Figure 9 
and the text).

Step 3 | Assessment of historical and current occurrence of critical climate events



46

A Guidance on how to interpret climate information for the assessment of climate risks  Example of the Cai Lon – Cai Be climate risk assessment (Vietnam) 

The graph in Figure 10 tells that for the period from 1995-2017

   highest daily salinity at the Xeo Ro station has an increasing trend, es-
pecially in the dry months (February to April). [This trend is in line 
with the water level trend in the coastal stations (not depicted in the 
graph)] 

5. B) Trust, but verify…! – what are the ingredients? 

   The source of the provided information on salinity is the Xeo Ro hy-
drological station (located at the sluice gate). For this station, salinity 
measurements are available for the period 1996 to 2017.

   Data from only one observation station was presented in this plot. 
However, salinity data from two other stations nearby showed similar 
results [not presented here].

   Data was only plotted for the months from January to June/July. This 
is because salinity intrusion is only significant high in this period. Plots 
for the other months were therefore omitted. 

   Tropical cyclones were not considered separately. The possible effect of 
tropical cyclones on salinity is reflected in salinity data series of the ob-
servation station. Furthermore, tropical cyclones mostly occur in the 
time of year were salinity is not critical. Comment: decisions refer-
ring to negligence of relevant factors (e.g. like tropical cyclones) or on 
the selective presentation of data (e.g. omission of salinity data for the 
rainy season; presentation of the time series from only one observation 
station) should be made transparent. 

6. B) Watch out!

   Uncertainty on the occurrence of significant salinity values is provided 
since no threshold analysis was done and not all months are plotted.

   The presentation of results has a different format than in step 4 (Step 
3: hourly salt variation aggregated on a monthly level; Step 4: total ex-
posure times to salt concentrations of 2 g/l per year). Thus, results are 
not directly comparable.

   The scales of the y-axis of the individual graphs in Figure 10 are not 
uniform and thus difficult to compare. 

   Uncertainty on the significance of the trend of salinity concentrations 
is given considering the range of uncertainty of the trend line. 

Comments 
if compromises had to be done in 
the type of analysis, this should 
be made transparent (e.g. no 
available threshold analysis). 
Assumptions on the usefulness 
of the provided type of analysis 
for the prevalent issue should be 
provided.

Uniform formats for historical 
and future climate analysis 
enhance the comparability of 
results. If this is not  possible, 
guidance on the interpretation/
comparability should be provided.

Comments 
The concentration on relevant 
figures is commendable in order 
to keep the focus. However, 
in this context the display of 
the entire data spectrum (also 
rainy season) would have been 
valuable when analysing the 
threshold exceedance of 3 
g/l. The values of July arouse 
curiosity on the values of the 
upcoming months.

Comments 
Decisions referring to negligence 
of relevant factors (e.g. like 
tropical cyclones) or on the 
selective presentation of data 
(e.g. omission of salinity data for 
the rainy season; presentation 
of the time series from only one 
observation station) should be 
made transparent. 
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   The available time series comprise a period of 20 years, may be (too) 
short to make robust statements on the climatology and trend on sa-
linity. Especially when the trend is not significant. Comment: if 
compromises had to be done in the type of analysis, this should be 
made transparent (e.g. no available threshold analysis). Assumptions 
on the usefulness of the provided type of analysis for the prevalent is-
sue should be provided.

Comment: uniform formats for historical and future climate analysis en-
hance the comparability of results. If this is not  possible, guidance on the 
interpretation/comparability should be provided.

Comment: uniform scales facilitate the comparison and thus of graphs 
and prevents misinterpretation. This enhances the usability of the climate 
information. If uniform scales are not practical, this should be indicated.

Comment: the uncertainty on the trend should also be provided in num-
bers (e.g. signal-to-noise ratio) in order to be able to assess the significance 
of the trend (which partly should be challenged according to the graph 
and the limited length of the time series)

7. B) So what? - what does it mean? 

   The stated threshold value of salinity relevant for deterioration of the 
gasket (3 g/l) is almost permanently exceeded for the months from Jan-
uary to June. Even in July were the rainy season has already started the 
threshold might be exceeded for at least some days per month (~ 25%, 
as far as the plots do show it). Consequently, critical salinity values do 
more or less permanently exist during the past 20 years at least during 
the dry season.

   The purpose of the historic analysis is to determine “normal” climate 
conditions under which the vulnerability of infrastructure components 
is under control, i.e. they are adapted. Therefore it is assumed: Assum-
ing that 

  that a watertight gasket that is exposed to salinity concentrations 
greater than 3 g/l more or less permanently during the dry season 
(and at some days during the rainy season) has deterioration rates 
that correspond to a lifetime of 5-10 years. 

Comments 
Uniform scales facilitate the 
comparison and thus of graphs 
and prevents misinterpretation. 
This enhances the usability of the 
climate information. If uniform 
scales are not practical, this 
should be indicated.

Comment: the uncertainty on the 
trend should also be provided 
in numbers (e.g. signal-to-
noise ratio) in order to be able 
to assess the significance of 
the trend (which partly should 
be challenged according to the 
graph and the limited length of 
the time series)

Comments 
 
If this conclusion is not true, the 
process of deterioration needs 
to be clarified or the threshold 
value be reviewed.

Step 3  
 Historic climate 

analysis

Step 3 | Assessment of historical and current occurrence of critical climate events
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Step 4  
Future climate 

analysis

Mekong river bank 
ecosystem, Vietnam    
Photo: ©GIZ/Harald Franzen
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Step 4 
Assessment of the future occurrence of critical 
climate events

1 What is the added value of this this information? 

 The information on future occurrence of critical climate events is the key 
information for a climate risk assessment. Decision-making regarding cli-
mate adaptation measures mainly refer to this information: (i) this cli-
mate information indicates if climate adaptation is necessary at all and (ii) 
which levels of types of adaptation need to be considered referring to the 
degree and certainty of changing occurrence of critical climate events.

2 What can be expect from this information?

The key product are climate projections. The output is mostly provid-
ed in form of maps or in form of diagrams (box-plots) for specific regions 
or individual stations. Information on future occurrence is provided for a 
specific time slice (near future, mid future, far future) and specific scenar-
io. Results are provided as value ranges referring to the results of the in-
dividual model-chains (members) of the ensemble. If no (useful) projec-
tions are available, trends of time series (step 3) may also provide some 
indications on future developments of the critical climate event. 

Projections of parameter: air temperature

Threshold values:

   “high temperatures” [#days with Tmax ≥ 35°],

   “heat wave” [period of y consecutive 8 days with Tmax ≥ 35°] 

Step 4  
Future climate 

analysis

Step 4 | Assessment of the future occurrence of critical climate events
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3 A) The figure - how to read it?
Step 4  

Future climate 
analysis

Figure 11 Changes in number of hot 
days (day/year) in the middle of the 
century (2046-2056) for the RCP 4.5 
scenario.

Figure 12 Changes in number of hot 
days (day/year) in the end of the 
century (2088-2099) for the RCP 4.5 
scenario

Figure 13 Changes in number of hot 
days (day/year) in the middle of the 
century (2046-2056) for the RCP 8.5 
scenario.  

Figure 14 Changes in number of hot days 
(day/year) in the end of the century 
(2088-2099) for the RCP 8.5 scenario.

 Figure 11- Figure 14 (MONRE 2016) shows the change of number of hot days (Tmax ≥ 35°C) per year for 
the middle of the century (2046-2056) (Figure 11 & Figure 12)  and end of the century (2080-2099) (Fig-
ure 13 & Figure 14)The size of the bubbles indicates the amount of change of hot days according the leg-
end on the right side in each figure. The location of the bubbles corresponds with the location of an obser-
vation station. indicate the change of number of hot days for the RCP 4.5 scenario indicate the change of 
number of hot days for the RCP 8.5 scenario. 
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4 A) The facts - what does the figure tell?

   The number of days with the high temperature in Vietnam tend to in-
crease in the 21st century, especially at the end of the century. 

   Until 2056, for the RCP 4.5 scenario, the number of hot days will in-
crease by 11-20 (total: 18.5 – 27.5) and for the RCP 8.5 scenario, the 
number of hot days will increase by 21-30 (total: 28.5 – 37.5) days. 

   Until 2099, for the RCP 4.5 scenario, the number of hot days will in-
crease by 21-30 (total: 28.5 – 37.5) and for the RCP 8.5 scenario, the 
number of hot days will increase by 81-90 (total: 87.5 – 97.5) days. 

   For heat waves, an increasing trend was deduced from the increas-
ing number of high temperature days (not depicted in Figure 11-Fig-
ure 14) [no analysis for heat waves based on temperature projections is 
available]. 

5 A) Trust, but verify…! – what are the ingredients?

   The results refer to an ensemble projection of daily maximum temper-
atures with 16 members that is based on a variety of combination of 5 
RCMs and 9 GCMs. Analysis of projections were made for two time 
slices: mid-century (2046-2065) and the end of the century (2080-
2099) assuming the RCP 4.5 scenario and the RCP 8.5 scenario (see 
also MONRE 2016). 

6 A) Watch out! 

   The time slices of analysis comprise only 20 years. The interpretation 
of the results should be done with care. 

   The statement on the development of heat waves in the future is not 
based on a robust data basis. This is only assumed based on expert 
judgement. This statement has to be handled with care.  

7 A) So what? - what does it mean?

   The life time of the watertight gasket is assessed to be 5-10 years. Con-
sidering the first adaptation option, the appropriate time slice of anal-
ysis relevant for interpretation would be the near future (2016-2035). 
Projections for this time slice are not available. Thus, no statements 
can be made about the durability of the currently installed watertight 
gasket. (The suitable climate information product would be a decad-
al prediction).

Comments 
Any deviations from good 
practices on the generation 
of climate projections should 
be made transparent and 
implications for the interpretation 
assessed:

These are implications of the 
results from the projections on 
the life time of the gasket based 
on the assumptions made in step 
1 and 2. An almost vanishing 
life time of the gasket (i.e. like 
a solution of the material like 
in acid) seems very unrealistic 
und physical not plausible. These 
results require an urgent review 
of step 1 and 2 in order to 
adequately classify and interpret 
the results from the climate 
projections.

Step 4 | Assessment of the future occurrence of critical climate events
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   Projections for the mid- and far-future would be interesting when con-
sidering the second adaptation option: “change of gasket material”. For 
this context, the number of heat days (Tmax ≥ 35°C) would be dou-
bled (ca. 14 days/year) until 2059 or even increase by 300/400% (RCP 
4.5) or even 1200/1300% (RCP 8.5) in the far future (until 2099). 
If the assumption is valid, that deterioration rates do linearly increase 
with heat days the deterioration rate should be doubled within the 
next 2 decades and thus halve the life time of the watertight gasket. For 
the far-future this would mean the exceedance of the threshold eve-
ry second day to every second week a year, with dramatic impact on 
the gasket’s life time which is almost vanishing. Comment: these 
are implications of the results from the projections on the life time of 
the gasket based on the assumptions made in step 1 and 2. An almost 
vanishing life time of the gasket (i.e. like a solution of the material like 
in acid) seems very unrealistic und physical not plausible. These results 
require an urgent review of step 1 and 2 in order to adequately classify 
and interpret the results from the climate projections.

Projections for parameter: salinity

Threshold values: “salinity” [≥ 3 g/l per hour] 

3  B) The figure - how to read it?

Figure 15 
PIEVC report

An Overview of  the total duration (i.e. sum of all events in total) of 
salinity intrusion per year with a concentration of minimum 2 g/l per 
hour for the area of the Mekong Delta. The colours indicate different 
duration periods according the legend. The left figure indicates the 
status quo (2016) and the right figure indicates the duration of sa-
linity intrusion for the mid-century (2046-2065) under the RCP 8.5 
scenario. 

Step 4  
Future climate 

analysis
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Comments 
Results can be better 
reconstructed in the figure when 
the location of concern (sluice 
gate) is respectively marked 
(this was done by hand in Error! 
Reference source not found.).

4 B) The facts - what does the figure tell?

   For the entire area of the Mekong Delta it can be stated, that the im-
pact of sea level rise and the decrease of the upstream flow, salinity in-
trusion is becoming more extreme in the mid-future (i.e., the higher 
values and the longer durations).

   For the area of the sluice gate (green circle) no change of salinity dura-
tion could be identified. Comment: results can be better reconstructed 
in the figure when the location of concern (sluice gate) is respectively 
marked (this was done by hand in Error! Reference source not found.).

5 B) Trust, but verify…! – what are the ingredients?

   The salinity intrusion was modelled based on the sea level rise scenario 
based on RCP 8.5 for the mid-century (2046-2065) (MONRE 2016):

   The increase in sea level was considered as a sum of the components 
including: (i) thermosteric  processes, (ii) melting of glaciers, (iii) sur-
face mass balance of the Greenland Ice Sheet (GSMB), (iv) Antarc-
tic Ice Sheet surface mass balance (ASMB), (v) ice sheet dynamics in 
Greenland (GDIS), (vi) ice sheet dynamics in Antarctica (ADIS), (vii) 
land water storage, and (viii) glacial isostatic adjustment (GIA). Sea 
level rise due to dynamic and thermosteric components were deter-
mined using outputs from 21 Atmosphere-Ocean General Circula-
tion Model (AOGCMs) published by IPCC. Both of these data were 
downloaded at monthly resolution and on the native model grids. 
Other components such as glaciers, surface mass balance in Green-
land and Antarctica; dynamic ice sheet in Greenland and Antarctica; 
land water storage; and glacial isostatic adjustment were determined 
based on the global mean time series published in IPCC’s AR5 (IPCC, 
2013).

   No information is provided on details of the salinity intrusion model-
ling 

Step 4  
Future climate 

analysis

Step 4 | Assessment of the future occurrence of critical climate events
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6 B) Watch out!

   The conditions under which salinity intrusion is modelled are not 
known

   The analysed threshold in this projection (2 g/l per hour) does not fit 
the threshold determined in step 2 (3 g/l per hour). Thus, the results 
are systematically over-estimated.

   Presentation of results has a different format than in step 3 (specifica-
tion of total duration per year versus hourly salinity values). Thus, re-
sults are not directly comparable.

   The projection is not directly comparable to the projection of high 
temperatures since only projections for the RCP 8.5 scenario and the 
mid-century (2046-2065) time slice is provided. The combined ef-
fect of salinity and temperature on gasket deterioration can only be as-
sessed for the mid-century (2046-2065).

   The classification of temporal categories in Figure 15 does not allow a 
detailed analysis of possible changes of salinity. No differentiation can 
be done for durations of salinity intrusion longer than 3 months. 
Comment: uncertainties related to the impact modelling would be 
good to know for the sake of interpretation of results.

7 B) So what? - what does it mean?

   The projection on salinity intrusion does not show any difference be-
tween the present and the future for the area of the sluice gate. How-
ever, this type of data presentation cannot display a possible increase 
of salinity intrusion. Possible increases of duration of salinity intrusion 
that go beyond 3 months cannot be differentiated and thus identified. 
Therefore it is assumed:

  that the trend for the Mekong Delta is also valid for the location of 
the sluice gate which comprises an increase of salinity (but with un-
known value)

   Furthermore, since the analysed threshold is lower than the target 
threshold, it needs to be assumed that results are systematically over-
estimated. However, since historic analysis in Figure 10 indicate a per-
manent threshold exceedance (3 g/l) for more than 3 months it can be 
assumed that the results in Figure 15 (left side) would look the same 
for a salinity of 3 g/l. 

Comments 
The presentation of the salinity 
intrusion duration times is 
not adapted to the needs 
of interpretation. A further 
subdivision of durations > 3 
months would be helpful for 
interpretation. Assumptions on 
the development of salinity 
intrusion duration need to be 
made!

Comments 
 
Uncertainties related to the 
impact modelling would be 
good to know for the sake of 
interpretation of results.

If for any reason the analysis 
does not directly refer to the 
threshold, assumptions on the 
relation of the provided results 
for the object of analysis 
(threshold of 3 g/l) need to be 
made.

The limitation in time slices 
and scenarios of the provided 
projections for salinity are crucial 
for the concluding interpretation 
of the results. Such limitations do 
always have to be communicated!

Step 4  
Future climate 

analysis
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3 Summary of climate 
information for 
assessing the risk of 
the watertight gasket 

Construction of the  
Cai-lon-Cai-Be sluice  
gate, Vietnam    
Photo: ©GIZ / Ngoc Nguyen Thi Minh 
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1. The deterioration of the material 
reduces the life-time of the water-
tight gasket.

2. Climate stressors for deterioration 
are high water and air temperatures 
as well as high water salinity.

3. A damaged gasket causes leakage 
of water and needs to be exchanged 
earlier than planned.

1. “high water temperature” [Tmax ≥ 
70°C]

2. “high temperatures” [#days with 
Tmax ≥ 35°C],

3. “heat wave” [period of 8 consecutive 
days with Tmax ≥ 35°C], 

4. “salinity” [≥ 3 g/l per hour] and
5. “salinity and high temperature” [≥ 3 

g/l per hour & #days with Tmax ≥ 
35°C]

1. The temperature threshold was 
exceeded 7.5 days / year in average 
within the past 30 years

2. There were four heat waves within 
the past 30 years

3. The trend of threshold exceedance 
for air temperature is decreasiWng

4. The average hourly salinity in the dry 
season is at 8 g/l (January – June) 
within the past 20 years

5. minimum 75% of the hourly salinity 
concentrations are higher than the 
identified threshold of 3 g/l for the 
months January to June. Also for 
July this threshold is exceeded by 
around 25% of the values.

6. Salinity values have an increasing 
trend for the dry season (January – 
June)

1. Threshold exceedance will increase 
for the mid-century (until 2059) by 
11-20 days (RCP 4.5) and 21-30 days 
(RCP 8.5)

2. Threshold exceedance will increase 
for the late century (until 2099) by 
21-30 days (RCP 4.5) and 81-90 days 
(RCP 8.5)

3. The duration of salinity intrusion (> 
2 g/l per hour) will increase for the 
Mekong Delta until 2059.

4. No change for the duration of salin-
ity intrusion is detected for the loca-
tion of the sluice gate

1. The climate influence on the deterio-
ration process is not clear 
  yy there is a linear relationship be-
tween temperature and deteriora-
tion as well between salinity and 
deterioration

  yy the effects of heat and salinity on 
the deterioration process do not 
influence each other

2. Consequences and criticality (for 
decision-making) of a reduced life-
time of the watertight gasket is not 
clear 
  yy consequences of climate impacts 
on the watertight gaskets are of 
significant relevance for the func-
tionality of the sluice gate and 
other systems that are dependent 
on the services provided by the 
sluice gate

1. An Interlinkage of climate threshold 
and impact is not provided as well 
as details on the impact and its 
consequences for the infrastructure
  yy the deterioration process is a con-
tinuous process with sub-critical 
failure mode, which is enhanced 
at high temperatures and salini-
ties.

  yy Rubber deterioration is sensitive 
to similar salinity thresholds like 
concrete corrosion

  yy The probability for an decrease 
of the design life of the gasket 
below 5-10 yrs increases with 
each day with daily Tmax ≥ 35°C 
and increases significantly when 
daily Tmax ≥ 35°C last for at least 
8 consecutive days

  yy The probability for a decrease 
of the design life of the gasket 
below 5-10 yrs increases with 
each time salinity exceeds 3 g/l 
per hour

1. Data basis for temperature and sa-
linity analysis is not robust (T: only 
one observation station; Salinity: no 
significant trend) 
  yy the observation data of Rach Gia 
station (T) and Xeo Ro (salinity) 
are representative for the region

2.  Relevance of historic climate condi-
tions and climate vulnerability of the 
gasket
  yy a watertight gasket that is ex-
posed to maximum daily tempera-
tures over 35°C by 7.5 days per 
year has deterioration rates that 
correspond to a life time of 5-10 
years.

  yy a watertight gasket that is ex-
posed to salinity concentrations 
greater than 3 g/l more or less 
permanently during the dry season 
(and at some days during the 
rainy season) has deterioration 
rates that correspond to a life 
time of 5-10 years

1. Relevance of projected heat days for 
deterioration process
  yy Near future (until 2035): no state-
ments can be made about the du-
rability of the currently installed 
watertight gasket

  yy Mid-future (until 2059): doubling 
of heat stress (RCP8.5) with bi-
section of gasket life time (based 
on assumptions in step 1)

  yy Far-future (until 2099): triplica-
tion (RCP4.5) to quadruplicating 
(RCP8.5) of heat stress with van-
ishing of gasket life time (based 
on assumptions in step 1)

2. Changes for the duration of salinity 
intrusion (for durations > 3 months) 
are not detectable in the provided 
figure 
  yy trend for the Mekong Delta is 
valid for the location of the sluice 
gate which rises an increase of 
salinity (but unknown value)

Step 2  
Threshold

Step 1  
Vulnerability

Key  
information

Key  
uncertainties & 
assumptions
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1. The deterioration of the material 
reduces the life-time of the water-
tight gasket.

2. Climate stressors for deterioration 
are high water and air temperatures 
as well as high water salinity.

3. A damaged gasket causes leakage 
of water and needs to be exchanged 
earlier than planned.

1. “high water temperature” [Tmax ≥ 
70°C]

2. “high temperatures” [#days with 
Tmax ≥ 35°C],

3. “heat wave” [period of 8 consecutive 
days with Tmax ≥ 35°C], 

4. “salinity” [≥ 3 g/l per hour] and
5. “salinity and high temperature” [≥ 3 

g/l per hour & #days with Tmax ≥ 
35°C]

1. The temperature threshold was 
exceeded 7.5 days / year in average 
within the past 30 years

2. There were four heat waves within 
the past 30 years

3. The trend of threshold exceedance 
for air temperature is decreasiWng

4. The average hourly salinity in the dry 
season is at 8 g/l (January – June) 
within the past 20 years

5. minimum 75% of the hourly salinity 
concentrations are higher than the 
identified threshold of 3 g/l for the 
months January to June. Also for 
July this threshold is exceeded by 
around 25% of the values.

6. Salinity values have an increasing 
trend for the dry season (January – 
June)

1. Threshold exceedance will increase 
for the mid-century (until 2059) by 
11-20 days (RCP 4.5) and 21-30 days 
(RCP 8.5)

2. Threshold exceedance will increase 
for the late century (until 2099) by 
21-30 days (RCP 4.5) and 81-90 days 
(RCP 8.5)

3. The duration of salinity intrusion (> 
2 g/l per hour) will increase for the 
Mekong Delta until 2059.

4. No change for the duration of salin-
ity intrusion is detected for the loca-
tion of the sluice gate

1. The climate influence on the deterio-
ration process is not clear 
  yy there is a linear relationship be-
tween temperature and deteriora-
tion as well between salinity and 
deterioration

  yy the effects of heat and salinity on 
the deterioration process do not 
influence each other

2. Consequences and criticality (for 
decision-making) of a reduced life-
time of the watertight gasket is not 
clear 
  yy consequences of climate impacts 
on the watertight gaskets are of 
significant relevance for the func-
tionality of the sluice gate and 
other systems that are dependent 
on the services provided by the 
sluice gate

1. An Interlinkage of climate threshold 
and impact is not provided as well 
as details on the impact and its 
consequences for the infrastructure
  yy the deterioration process is a con-
tinuous process with sub-critical 
failure mode, which is enhanced 
at high temperatures and salini-
ties.

  yy Rubber deterioration is sensitive 
to similar salinity thresholds like 
concrete corrosion

  yy The probability for an decrease 
of the design life of the gasket 
below 5-10 yrs increases with 
each day with daily Tmax ≥ 35°C 
and increases significantly when 
daily Tmax ≥ 35°C last for at least 
8 consecutive days

  yy The probability for a decrease 
of the design life of the gasket 
below 5-10 yrs increases with 
each time salinity exceeds 3 g/l 
per hour

1. Data basis for temperature and sa-
linity analysis is not robust (T: only 
one observation station; Salinity: no 
significant trend) 
  yy the observation data of Rach Gia 
station (T) and Xeo Ro (salinity) 
are representative for the region

2.  Relevance of historic climate condi-
tions and climate vulnerability of the 
gasket
  yy a watertight gasket that is ex-
posed to maximum daily tempera-
tures over 35°C by 7.5 days per 
year has deterioration rates that 
correspond to a life time of 5-10 
years.

  yy a watertight gasket that is ex-
posed to salinity concentrations 
greater than 3 g/l more or less 
permanently during the dry season 
(and at some days during the 
rainy season) has deterioration 
rates that correspond to a life 
time of 5-10 years

1. Relevance of projected heat days for 
deterioration process
  yy Near future (until 2035): no state-
ments can be made about the du-
rability of the currently installed 
watertight gasket

  yy Mid-future (until 2059): doubling 
of heat stress (RCP8.5) with bi-
section of gasket life time (based 
on assumptions in step 1)

  yy Far-future (until 2099): triplica-
tion (RCP4.5) to quadruplicating 
(RCP8.5) of heat stress with van-
ishing of gasket life time (based 
on assumptions in step 1)

2. Changes for the duration of salinity 
intrusion (for durations > 3 months) 
are not detectable in the provided 
figure 
  yy trend for the Mekong Delta is 
valid for the location of the sluice 
gate which rises an increase of 
salinity (but unknown value)

1

2

3

4

Step 3  
 Historic  
climate analysis Step 4  

Future climate analysis
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Figure 16  
An Overview of  the vulnerability-related values of the analysed 
climate thresholds
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5.6.1. Summary of Results and synopsis of uncertainties

The provided climate information products indicate an increase of climate stress on the watertight 
gasket. That increase is clear referring to hot days and not detectable (but suggested) for salinity 
intrusion. However, the relevance of the future change of climate stressors for the climate 
vulnerability of the watertight gasket is accompanied by a bunch of uncertainties and requires 
therefore some fundamental assumptions that are partly not plausible. Referring to the results of 
the climate data, an increase of deterioration rates can be expected, however, a statement if and to 
what extend the lifetime of the watertight gasket is affected is not possible.

Major uncertainty refers to step 1 and step 2, which refers to the characterization of vulnerability 
and threshold definition. No detailed causal relationship between climate and the process of 
deterioration could be defined, which does not allow the determination of an impact-related climate 
threshold. Therefore, it is not possible to determine a capacity of the watertight gasket with respect 
to the load provided by the climate stressors (i.e. how much load provided by climate stressors 
is tolerated by a lifetime of 5-10 years? [Green beams in Figure 16]); and it is not possible to 
assess the current vulnerability of the watertight gasket to climate stressors (i.e. how much of the 
current capacity is already exploited under current climate conditions? [orange beam in Figure 16]. 
Consequently, it is also not possible to assess the relevance of the future change in the climate 
stressor (i.e. how much more can the load provided by the climate stressors increase before the 
lifetime of the watertight gasket is significantly diminished below 5-10 years? [red beam in Figure 
16]. In this context, the provided climate information provides little added value for the decision-
maker to answer these questions irrespective of any uncertainties of numbers.

In addition, major uncertainties refer to the relevance of the gasket’s vulnerability. The identified 
life-time of the gasket as well as prevalent adaptation options suggest that no climate projections 
are necessarily required in order to make decision on adaptation options: the gasket’s lifetime is 
not in the range of climate projections (< 10 years) and some adaptation options (replacement 
of gasket) do not require a lead time beyond a similar range. A detailed analysis on the possible 
decision-making options (i.e. which [climate] information do I need in order to do implement the 
adaptation option?) as well as a criticality analysis (i.e. how relevant is the gasket for the service 
provided by the sluice gate?) would help to decide on the relevance and urgency of the vulnerability 
of concern. Such analysis would help to assess the benefit of a detailed climate risk assessment, to 
set priorities and thus to save resources.

Minor uncertainties refer to the data robustness: the data basis is not ideal for perfectly reliable 
results (e.g. data from only one observation station; limited length of time series / projected time 
slice; expert judgement). Consequences of this uncertainty may affect absolute numbers (e.g. range 
of heat days in the future) but less the direction of change. 

In addition, minor uncertainties refer to the method of data analysis and presentation: climate 
data analysis that do not refer to the determined threshold or that provide different outputs for 
historic and future climate do complicate an adequate interpretation regarding the determination of 
(changing) risk. E.g. historic salinity analysis does not refer to the defined threshold but analysis 
hourly values and provides information on maximum, minimum and mean values and disregards 
possible relevant parts of the data set (rainy season).
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