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ABSTRACT 

 
While the Analytic Hierarchy Process (AHP) has been widely used to ascertain the 
vulnerability of households to environmental change, the sensitivity of adaptive capacity 
indices to uncertain appraisals and judgments of the magnitudes and weights of indicators 
has been largely ignored so far. In this work, we present an approach to identify the most 
influential indicators of household adaptive capacity. The approach entails the 
implementation of two sensitivity analyses: indicator removal and threshold value. The 
adaptive capacity indicators were selected and ranked for household surveys carried out in 
Brazil in 1998 and 2012.  
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1. Introduction 
 
Building the adaptive capacity of households to climate change has become a high policy 
priority. The AHP has been widely used to develop indicator-based metrics to ascertain the 
adaptive capacity of households (Eakin and Bojórquez-Tapia, 2008). By means of the 
AHP, a set of households can be ranked in terms of a set of incommensurable criteria that 
describe the vulnerability and adaptive capacity. Indicator based metrics are critical 
components of poverty reduction and climate risk management strategies and 
interventions. However, such rankings can be problematic due to the uncertainty involved 
in the appraisal of the criteria magnitudes and weights. Despite that this may result in 
unknown errors, evaluating the sensitivity of vulnerability indices to that uncertainty has 
been largely ignored. 
 
In this paper, we present an approach to evaluate the sensitivity of household rankings to 
the uncertainty of both criteria weights and criteria magnitudes used in adaptive capacity 
indices. Our approach draws from Triantaphyllou (Triantaphyllou and Sánchez, 1997) to 
identify the most critical indicators. It entails the implementation of two tests: indicator 
removal and threshold value. 
 
We illustrate our approach using data from a longitudinal research design to explore the 
role of anti-poverty conditional cash transfer programs in building adaptive capacity in the 
state of Ceará, Brazil. Our results show that the adaptive capacity indicators or criteria with 
the higher weights are not necessarily the ones that denote the most important changes in 
the household rankings. We concluded that sensitivity analysis is fundamental to 
understand the effectiveness of government programs to address climate change 
vulnerability and adaptive capacity. 
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2. Methodology 
 
The adaptive capacity index is developed using the AHP for household surveys carried out 
in 1998 and 2012. Following Eakin and Bojórquez-Tapia (2008), the respective indicators 
are organized into hierarchies (Fig. 1). For each hierarchy, top-level corresponded to the 
overall goal (to rank households in terms of their vulnerability related to either adaptive 
capacity), intermediate levels corresponded to the set of criteria and indicators to specify 
the overall goal, and the lowest level to the alternatives (households). For each level, a 
pairwise comparison matrix is generated to elicit the relative weights for each indicator. 
Given a hierarchy, the elements at each level are weighted according to their importance 
on the level above. 
 
The database of households encompassed the surveys carried out in 1998 (𝑛 = 484) and 
2012 (𝑛 = 477), and 18 indicators, five of which were not measured in 1998 (saving 
accounts, health access, participation, frequency of support given and crop insurance) and 
one was not measured in 2012 (hora de plantar). Because the number of indicators differed 
between surveys, the global importance weights are rescaled linearly setting to zero the 
weights for the missed indicators. 

 
Figure 1. AHP model for the Adaptive Capacity index 

A score 𝑉, of each household is computed by aggregating the proper criteria weights and 
normalized scores of indicators using a weighted linear combination: 

𝑉!" = ∑ 𝑤!#
$
# 𝑥!#"                                                                                  (1) 

where 𝑤 is the weight of an indicator, 𝑥 is the standardized score, and ℎ, 𝑖, and 𝑗 indicate 
household, vulnerability index and vulnerability indicator, respectively. 
 
The criteria weights, 𝑤, are elicited through the AHP, whereas the standardized scores, 𝑥, 
are obtained by means of value functions. The value functions are used to transform the 
natural scale of indicators (in different scales and units) into a uniform [0,1] scale with 
ratio properties, 0 representing the most undesirable state and 1 the most desirable state 



ISAHP Article: Sensitivity analysis for the assessment of adaptive capacity to climate change: a 
case of study form Brazil. To Be Submitted to the International Symposium of the Analytic Hierarchy 
Process 2020, Web Conference. 

International Symposium on the 
Analytic Hierarchy Process 

3      WEB CONFERENCE 
DEC. 3 – DEC. 6, 2020 

 

(Beinant, 1997). The value functions reflected the assumption that vulnerability is higher 
as adaptive capacity decreases; they accounted for the possibility of nonlinear or non-
monotonic relationships between natural and value scales. 
 
Indicator removal test. The indicator removal test involved setting to zero the weight for 
indicator 𝑟 (𝑤%& = 0), and rescaling the remaining indicator weights linearly (𝑤%'( = 𝑤%' ÷
∑ 𝑤%'
$
#)* ). Then Eq. (1) is applied to generate the respective household vulnerability index 

(𝑉!#)*" =	∑ 𝑤%'(𝑥%'"
$
#)* ). The change (in percentage) of the median vulnerability by the 

removal of the 𝑟-th indicator is obtained as 

𝑉%&
+,! = 5

-"#$%
&! .-"

&!

-"
&! 5 × 100,                                                                           (2) 

where 	𝑉!#)*
,!  is the median vulnerability by the removal of the 𝑟-th indicator and 𝑉!

,! is the 
median vulnerability of all the indicators. 
 
Threshold value test. The threshold value test is based on the concept of the probability 
of “rank reversal” between the vulnerability scores of a household 𝑉!", and some reference 
value 𝑉!

/, resulting from changing the standardized scores 𝑥, so that if 𝑉!
/ ≥ 𝑉!" swaps to 

𝑉!
/ < 𝑉!", or if 𝑉!

/ ≤ 𝑉!" swaps to 𝑉!
/ > 𝑉!". Following the methodology presented by 

Triantaphyllou (Triantaphyllou, 1997) the change required to generate a rank reversal 

𝜏!#" =
-"
'.-"

(

0"#
	                                                                                      (3) 

is calculated with respect to the median vulnerability as the reference value 𝑉!
/. In 

particular, the feasibility of change is conditioned to the range  𝑥!#" − 1 ≤ τ!#" ≤ 𝑥!#"  to avoid 
changes	�̅�!#" = 𝑥!#" − τ!#"  of a standardized score 𝑥!#"  to be outside the standardized value 
[0,1]. 
 
Finally, the critical indicator value 𝒞!# of an indicator, 𝑗, is obtained by the product of the 
probability 𝑝!# of rank reversals and the sensitivity coefficient 

𝑠%' 	= 	
1
2"#

 ,                                                                                  (4) 

where Δ!# = C𝜏!#" C
,) is taken for a particular quantile 𝑄3. Thus, the higher the frequency 

and magnitude of rank reversals, the higher the criticality of a criterion. It is important to 
notice that when 𝑉!" = 𝑉!

4 the sensitivity coefficient goes to infinity, in this case, Δ!# is 
approximated with 0.001. 
 
3. Results 
 
For the indicator removal test the most critical indicators for the adaptive capacity index 
were found to be: land owner, education adults and per capita income (1998 survey), and 
credit and education adults (2012 survey). Because the number of indicators differed, test 
(2) was applied for each survey.  
 
For the threshold value test, the critical indicator value 𝒞!# 	was calculated considering two 
types of quartile measures: i) the first 𝑄1	and the ii) second 𝑄5	or median. In the following,  
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Figure 2. Results of the indicator removal test 

 
results for both measures and surveys are presented and compared. For both quartiles and 
surveys, results of the threshold value test classified the indicators in terms of criticality 
(Figure 4) as follows: high, per capita income; moderate, credit, education adults and area 
irrigated and low, ag asset index, livestock assets, landowner, tractor use, remittances, land 
cultivated and tap water. A comparison between surveys showed a decrease in the critical 
indicator value between 1998 and 2012 for the most sensitive adaptive capacity indicators. 
 
4. Discussion and Conclusions 
 
As was previously stated, to identify the most influential vulnerability indicators for 
household rankings, it is important to consider the uncertainty involved in the magnitudes 
and weights of the standardized scores of vulnerability indices.  
 
Results suggest that vulnerability indicators that were ranked as the most important were 
not necessarily the most influential and that changes generated by certain indicators cannot 
be ignored. Moreover, even when different statistical measures can be considered to 
capture the “common” characteristics of the area of study, the most influential indicators 
are preserved. 
 
Considering the case of the most influential indicators, our results showed that the most 
important indicators for the adaptive capacity index were per capita income, education 
adults and credit in both surveys (1998 and 2012). Intuition says that these should be the 
most sensitive indicators, however, as the indicator removal test showed, the most critical 
indicators were land owner, education adults and per capita income, for the 1998 survey, 
and credit and education adults, for the 2012 survey.  It is important to notice that, in this 
particular case, the most critical indicator in the 1998 survey is one with medium 
importance (land owner). Our results substantiate the assertion by Triantaphyllou (1997) 
that the most sensitive criterion may be the one with the lowest weight.  
 
The difference between survey indicators suggested the inclusion of new public policies 
by the government, this fact is reflected in the change in magnitude of specific indicators. 
For example, the introduction of the indicator soil quality in 2012 surveys caused a  
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Figure 3. Results of the threshold value test: first quartile 𝑸𝟏 and median 𝑸𝟐 

 
significant reduction on the critical indicator value of the most sensitive indicators, in 
particular, the indicators household pays rent and % income ag sales which were classified 
in the most critical group, changed to the moderately critical indicators group. 
 
One of the principal limitations of the techniques presented in this work is the fact that, 
even when the uncertainty in the judgments and magnitude evaluation is considered, only 
indices defined as linear combinations can be analyzed. However, it is important to 
emphasize that this also gives a wide field of applications in problems related to land 
suitability, environmental impact assessment and socio-ecological vulnerability indicators. 
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