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ABSTRACT

Many agricultural research and development programs aiming at enhancing tradeoffs related to different
adoption, management and policy decisions face a methodological problem in which multi-criteria ranking is
used to reach acceptable compromises between different objectives (e.g. those of farms, research managers,
donors or policy makers). A typical situation is where many farm management options will result in different
conflicting economic, social and environmental impacts. Ranking these options and the choice of those to
promote is challenging. The literature provides a set of methodological solutions that need background data
organization and simulation through coding using different computing software. Here, we provide a generic
solution and friendly interface, made on Shiny (an R-package) based on the Technique for Order of Preference
by Similarity to Ideal Solution (TOPSIS). We apply this method for ranking different crop technological products
of grain legumes and dry cereals based on their respective impacts on poverty, child malnutrition and economic
benefits in more than 40 countries in eight different geographic zones across South Asia and Sub-Saharan Africa.

e The developed algorithms and interface can help rank different options based on the weights (preferences) of
their respective outcome indicators.

o The interface allows for changing the weights (preferences) and automatically generates new ranking tables and

graphs accordingly, which can serve for scenario simulations, which saves time compared to manually performing

these calculations.
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Specifications table

Subject Area: Agricultural and Biological Sciences
More specific This method is highly suitable for all problems where tradeoff assessments and
subject area: compromises across conflictual objectives need to be defined. Such problems are

usually at the interface between agricultural sciences, environmental sciences and
development. Such decision problems also partly involve social sciences because
decisions to rank options are based on the preferences of the decision maker for
given attributes (environmental vs income, or short vs long term). The method
allows changing these preferences by altering the weights (i.e. the importance)
attributed to each evaluation criterion.

Method name: TOPSIS_ShinyApp

Name and “Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)” by:
reference of C.-L. Hwang, K. Yoon. Multiple Attribute Decision Making (Vol. 186). Springer,
original method: Berlin Heidelberg, 1981. https://doi.org/10.1007/978-3-642-48318-9.
Resource https://shiny.rstudio.com/

availability: https://rstudio.com/products/rstudio/download/

https://github.com/fyras1/GLDC-ICARDA

Presentation of the TOPSIS ranking method

The technique for ordering preference by similarity to an ideal solution was first presented by
Hwang & Yoon [4] as an alternative for solving multi-attribute decision problems [3] where a decision
must be made based on different attributes (or indicators). The method is part of the techniques
known as multi-criteria for decision making (MCDM) [9]. It is particularly used for ranking or selecting
one or more options (or alternatives) from among a finite number [3]| with respect to multiple
criteria [12]. Each of the options in the choice set is defined over the number of specific criteria.
The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) is relatively simple to
apply, and is suitable for situations where there are a large number of criteria and alternatives [10].

The method originates from the concept of a displaced ideal point from which the compromise
solution has the shortest distance [2]. This involves seven steps as follow (see also Table 1):

1. Create an evaluation matrix consisting of m alternatives and n criteria.

2. Normalize the created matrix.

3. Calculate the weighted normalized decision matrix: weights for each evaluation criteria can be
specified in an ex-ante manner, thus reflecting the preferences of the evaluator (stakeholder) for
one criterion or another. Equal weights can be used as default. The sum of all weights should equal
1

4. Determine the ideal and anti-ideal solutions according to this logic.

5. Calculate the Euclidian distance between the target alternative and the worst condition, and the
distance between the target alternative and the best condition.

6. For each alternative, calculate the relative closeness to the ideal solution allowing the ranking of
available options from the best to the worst.

7. Rank all alternatives based on their respective scores.

According to Kim et al. [5] and Shih et al. [10], TOPSIS has some advantages compared to other
MCDM methods. These include (i) help considering human rationale in the ranking of options, (ii)
generating a scalar value referring to both the best and worst alternatives simultaneously and (iii)
straightforward computation steps that are easily converted into scripts and spreadsheets.


http://dx.doi.org/10.1007/978-3-642-48318-9
https://shiny.rstudio.com/
https://rstudio.com/products/rstudio/download/
https://github.com/fyras1/GLDC-ICARDA

A. Frija, H. Ouerghemmi and E. Ismail et al./MethodsX 8 (2021) 101519

Table 1
Different mathematical steps and their R scripts.

TOPSIS step Generic mathematical format

R scripts developed for the example we
considered

1 Assume n options and 3 criteria: BCR, Poverty, and Nutrition

2 R = (Tij)mxn, using the normalization method
ul i=1,2,..., m, j=1,2,......n

Tij = s
N> aeoh

3 ti=rjwj, i=1,2,....m, j=1,2,....n

n
Where wj:Wf/zzzlwk, j=1,2,...,n so that _le,- =1
iz

0<Sw=1i=1.2,.,m

L= _dw
Wyt T =

Is<-list();

df9<-data.frame();

for (i in 1:8)(
fileName <-paste0("data/data_",as.
character(i),".csv");
df<-data.frame();
df<-read.csv(fileName);
names(df)<-

c("ID","Crops","Technology_Options",

"BCR","Poverty","Nutrition")
Is<-c(ls,list(df))
df9 <-rbind(df9,df)

1s[9] <-df9;
1s[10] <-df9;
stnd <-function(x)
{
X<-X/sqrt(sum(x~2))
X
}
trans <-function(df,c1,c2,c3){
dfx <-df
dfx$score=0;
dfx$BCR<-stnd(dfx$BCR)*c1
dfx$Poverty <-stnd(dfx$Poverty)*c2
dfx$Nutrition<-stnd(dfx$Nutrition)*c3
dfx
}
vp<-c(max(df2[,4]), max(df2[,5]),
max(df2[,6]))
vm<-c(min(df2[,4]), min(df2[,5]),
min(df2[,6]))

sim<-0
sip<-0

for(i in 1:nrow(df2)){

for(j in 4:6){
sip<-sip+(df2[i,j]-vp[j-3])*2
sim<-sim-+(df2[i,j]-vm[j-3])"2

}

sim<-sqrt(sim)

<-sqrt(sip)

df2[i,"sip"] <-sip

df2[i,"sim"]<-sim

sim<-0

sip<-0

}
df2$p <-df2$sim/(df2$sim+df2$sip)
dfx<-df
dfx$p<-df2$p

dfx<-dfx[order(-dfx$p),]




4 A. Frija, H. Ouerghemmi and F. Ismail et al./MethodsX 8 (2021) 101519

GLDC Ranking - icarda

N — (a) Ranking in table format
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Fig. 1. Screen capture of the TOPSIS_ShinyApp for GLDC technologies ranking given in (a) table format and (b) plot format.

Rationale for developing TOPSIS_ShinyApp

Yadav et al. [11] developed Python scripts for TOPSIS, thus making the method easier and
affordable for those familiar with the Python language. Mahmoud [6] has also developed R scripts
to help solving multi-criteria problems using this software. However, for these unfamiliar with such
coding platforms, and especially when requiring repetitive runs of TOPSIS for different weighting
factors and scenarios, the tasks would remain onerous.

For these reasons we developed a user-friendly interface using the R language, and a Shiny
package! that can quickly and easily generate ranking results for every change of criteria weights.

1 See the following open access permanent GitHub link to the source codes behind the implementation of this Shiny app (all files
and codes can be found in this link): https://github.com/fyras1/GLDC-ICARDA
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Table 2
Different weighting scenarios used in TOPSIS_ShinyApp for ranking GLDC options.
Scenarios Children malnutrition weight Poverty weight BCR ratio weight
Scenario 0 0.333 0.333 0.333
Scenario 1 0.262 0.253 0.485
Scenario 2 Different weights calculated for each zone based on real macro data (Table 3)

The application was developed to empirically analyze a foresight problem aiming at prioritizing
research for development investments based on their expected impact. The conceptual model and
methodological steps are given in Table 1.

Conceptual improvements to the TOPSIS method
TOPSIS_ShinyApp was developed over three steps:

1) Data preparation and calculation of the p-values (similarity index) for each alternative using R
(Table 1, steps 1-7).

2) The scripts coded in R and Shiny are then deployed in ShinyApps.io (developed by RStudio),
to develop an online dashboard (interface) that can be used repeatedly for different weighting
(preference scenarios) and tradeoff assessments (see Fig. 1 for a screen capture).

3) For each change made on dropdown menus of the dashboard, a new table and a figure, ranking
the list of considered alternatives, are automatically generated and can thus be copied for final
reporting of data analysis. Table illustration on the dashboard is part of the Shiny modeling,
while the figures are generated using the ggplot2 package of R (Fig. 1 and 2).

Method validation

The TOPSIS_ShinyApp was used to rank different agricultural crop technologies tailored to enhance
the yield of different grain legumes and dry cereal (GLDC) crops based on their respective impact
on cost/benefit ratio, poverty and malnutrition at country levels. Forty countries, where GLDC crops
are important, in Asia and Africa were considered. The full list of countries and GLDC technological
options assessed are given in Supplementary material 1. This additional material provides the full
list of what we call “Alternatives” (or options) in TOPSIS. These are basically combinations of
“GLDC crops x Appropriate respective technologies” relevant for different countries and regions
(see Supplementary material 1 for more details). The impact of each of these options on three
indicators/criteria (cost/benefit ratio, poverty and undernutrition) at national level (see Supplementary
material 2), has been assessed and reported using the International Model for Policy Analysis of
Agricultural Commodities and Trade (IMPACT) model [7,8]. More details on adoption scenarios of
these options and their respective impact assessments can be found in Arega et al. [1]. The list of
options was ranked in order to provide clear guidance to the GLDC CGIAR Research Program? (CRP)
on priority investments and crops, technologies and target countries to be considered by this research-
for-development project portfolio. Thus, came the utility of TOPSIS_ShinyApp to assist with this
prioritization exercise. An overview of the outputs of this empirical application of TOPSIS_ShinyApp is
found below (for three different weighting scenarios shown in Table 2).

These scenarios (Tables 2 and 3) can be tested rapidly as shown in Fig. 2a-c, where we ranked the
“Technology x Crop” alternatives (called options in these figures) in dry sub-humid south Asia under
each of the scenarios 0, 1 and 2. Fig. 2 shows that the ranking order of the different tested options
changes as the weights of the Benefit/Cost ratio, Malnutrition, and Poverty indicators are changed.

2 https://www.cgiar.org/research/program- platform/grain-legumes-and-dryland-cereals/
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Fig. 2. Technology options classification in dry sub-humid South Asia under weighting scenarios (a) 0, (b) 1 and (c) 2.
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Table 3

Different weights in scenario 2 for each of the eight zones.
Zone Child Malnutrition Weight Poverty Weight BCR Weight
Dry sub-humid Eastern Africa 0.232 0.312 0.456
Dry sub-humid Southern Africa 0.201 0.362 0.437
Dry sub-humid Southern Asia 0.378 0.93 0.529
Dry sub-humid Western Africa 0.235 0.264 0.501
Semi-arid Eastern Africa 0.259 0.272 0.469
Semi-arid Southern Africa 0.22 0.316 0.464
Semi-arid Southern Asia 0.378 0.93 0.529
Semi-arid Western Africa 0.265 0.234 0.501

Conclusions

This paper highlights a generic way to run TOPSIS under different weighting scenarios using a user-
friendly interface, called TOPSIS_ShinyApp. The method allows the avoidance of many of the TOPSIS
steps and provides results in an automated way. The method relies on algorithms coded using the
R language and can be used by many researchers focusing on trade-off analysis and multi-criteria
decision making. An application of the method to a practical ranking problem for policy making was
used to illustrate and validate the method.
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