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Multi-Criteria Decision-Making for Natural Resources Management: Part-02

So continuing MCDA for natural resource management part 2. So just in part 1 we have
discussed about various way that we can actually analyze and find out our best alternative
options giving different weightage to different criterias. We tried with two three methods of
MCDA like WSM, WPM and WASPASS and we also saw that how in case of beneficial and

non-beneficial case, we can identify the best possible alternative for us.
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Determination of objective criteria weights (CRITIC method)

Q Criteria Importance Through Inter-criteria Correlation (CRITIC) is a weight-determining method that is used
to assess performance rating basis different criteria or variables using their correlations

In CRITIC method the weights of j" criterion, W}, is computed by

———
—_——

Ve Where, C; is_the quantity of information contained in j* criterion, a; is
standard deviation of the j criterion and py is the correlation coefficient
between | and k™ criteria in the normalized decision matrix gl
having elements as 7;; by using min-max normalization, where n is the

total number of alternatives and m'is %ﬁe fotal number of criteria.
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Now here today we will try to see that how to determine the objective criteria weights. We
call it as CRITIC method. CRITIC method in full we call it as criteria importance through
inter criteria correlation. Its bit long name, this is a weight determining method. See you
remember that in previous lecture we discussed that we tried with two different way in case
one example we have given with same weight like 0.25 to C1, C2, C3, C4, four different
criteria, in the other example we tried that four criterias with different four different

weightage.

Here we are talking that that this CRITIC method is a weight determining. How much

actually the weight that you are going to give that we determine and that is used to assess the



performance rating on the basis of different criteria or variables that we discussed in the
previous lecture. Now, in CRITIC method the weights of jth criterion say Wj is computed by

this manner

Wij is equal to Cj divided by summation j equal to 1 to m Cj

So Cj this j value could be from 1 to m any value where Cj you can calculate again this way.
Cj is equal to sigma j multiplied by summation k equals 1 to m (1 minus rhojk)

And for another calculation, small calculation we do for rij Now let us see that which one
means what, what is Cj? Cj is the quality of information content in the jth criteria sigmaj is
the standard deviation of the jth criteria, Cj and rhojk is the correlation coefficient between j
and kth criteria, matrix r m cross n having elements as rij as you see here this normalized
decision matrix you actually use minimum-maximum normalizations where n is the total
number of alternatives and m is the total number of criteria. So this is the way you actually
try to find out that how much weightage that you could give to a particular criteria.

(Refer Slide Time: 3:55)

Example of previous MCDM problem (CRITIC method)

In an agriculture 6 different precision farming technologies are adopted. Four different criterias are enlisted in

the table. Based on those criterias-determine-whictrtethnology is most suitable
[ Criterias
_Non beneficial ’
Technologies Water Cost of Yield (tha) Water use
requirement  cultivation (INR) efficiency (%)
(mm) (- L %
621.0 \ 39925 / 7.51 58.32
448.2 51925 | 9.13 5417
604.8 49350 8.02 4943
534.6 44050 8.58 68.36
475.2 48125 8.78 63.22

680.4 49050 7.35 48.34




Example of an MCDM problem (CRITIC)

Where A, B, C, D, E and F are alternatives (i.. technologies)
751 5832 C1, C2, C3 and C4 are 4 different criterias respectively as

N water requirement, cost of cultivation, yield (t/ha)
913 5417 — ) .
o
802 4943 I‘,, Hx@’ |c2 i ”@" ] /
Max 6804 51926 913 6836 T~
858  68.36 —_—
Min 4482 39925 735 48.34
878 6322 —

c1 C2 C3 C4

1 __Jt,, -—(Xi)min ;:A 0.74 0 ' 009 05 |
! (Xi)nlax - (xi)nlirt B 0 .‘\\ 1 1 0.29
C 067 079 038 | 005
621.0 — 448.2 |
680.4 — 448.2 D 037 | 034 069 | 1
E 012 | 068 08 0.74
F 1 0.76 0 0

Now let us go to the example. Suppose in an agriculture again six different farming precision
farming technologies are adopted, four different criteria C1, C2, C3, C4, similar example like
we discussed in the previous lecture based on these criterias. Let us determine which of these
technologies is most suitable for my area, this example might help you to get this much more

clearly.

So again non beneficial lower the value better for us, beneficial higher the value better for us
you have these are the values you calculated, now let us see. Here you see that these are your
alternatives, these are your criteria. Now you have certain values that you have calculated for
each alternatives against each criteria where A, B, C, D are different technologies and C1 to

C4 different criteria.

Now, these values again you try to put down as maximum-minimum which is very easy you
find out from the table, now maximum-minimum normalization you will do you got 0.74 for
alternative A, for alternative B, C, D you got all for each criteria then it becomes again easy

for you to rank them.
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’ Example of an MCDM problem (CRITIC)

C1
0.74

0.67
0.37
0.12

m m O O W >

G N Y S EX

o 039

C2
0

1
0.79
0.34
0.68
0.76

0.36

C3
0.09

0.38
0.69
0.8

0.40

C4
0.5
0.29
0.05

0.74

0.39

¢l c2 c3 c4
C1- 1 033 098 051
- c2 033 1 04 050
c3 098 044 1 046
c4 051 051 046 1

c1 C2 C3 C4

¢t 0 1.33 1.98 151~
c2 133 0 0.56 1.51
c3 198 0.56 0 0.54

c4 151 1.51 0.54 0

Determination of objective criteria weights (CRITIC method)

———

Q Criteria Importance Through Inter-criteria Correlation (CRITIC) is a weight-determining method that is used

to assess performance rating basis different criteria or variables using their correlations

In CRITIC method the weights of j criterion, W}, is computed by

fo=s——=R 4

Where, G is_the quantity of information contained in | criterion, ajis
standard deviation of the |" criterion and p; is the correlation coefficient
between | and kM criteria in the normalized decision matrix [rlsem
having elements as 1;; by using min-max normalization, where n is the
total number of alternatives and m'is %ﬁe iotal number of criteria.

[** The criteria are not separate as beneficial and non-beneficial criteria]

| Example of an MCDM problem (CRITIC)

51925
49350
44050
48125
49050

51
9.13
802
8.58
878
735

58.32
5417
49.43
68.36
63.22
48.34

Where A, B, C, D, E and F are alternatives (i.e. technologies)
C1, C2, C3 and C4 are 4 different criterias respectively as
water requirement, cost of cultivation, yield (t/ha)

ENCEFENCFEEE
Max 6804 51925 913 6836 T~
Min &2 39926 735 4834

C1 C2 C3 C4
074 0 0.09( 05
0 1 1 0.29
067 | 0.79 038 | 0.5
037 | 034 069 | 1
012 | 068 0.8 0.74
1 0.76 0 0

nm o o wle




Example of an MCDM problem (CRITIC)

c1 0 133 1.98 151

W
\
039 i (W}) Criteria weights

c2 133 0 056 151 34 0.36 1227, 0.2 //
c3 19 056 0 0.54 3.8 0.40 123 | 0.22 /
c4 151 151 054 0 3.56 0.39 139/ 0.24 5

m=4

0+133+198+1.51=482 Z@ﬂ

RIS

C1=039x4.82=1.88

)
1.88/5.7270.33

So this is your rij value, weightage value, then you go for correlation that is rhojk so C1, C1

of course you have 100 percent correlation like that you will get the correlation matrix then
you calculate 1 minus rhojk value which is again you get this table, so basically what you try
to do, you are trying to find out all these factors to calculate the final value for your
identifying the best technology.

Now here rij you have xij value which is 621 for alternative A for criteria 1 then xj value you
have 442 jth alternative means second alternative then you have 680.4 for the last alternative
that you have minus again the value of xj so maximum minus minimum, maximum minus

minimum, so here you are now calculating this value of rij which you got in this table.

Now, this will allow you to go towards your sigma j or your standard deviation value which
is 0.39, 0.36, 0.4 and 0.39 for four criterias, now basically you get all the values from this
calculation from the table and then comes your SD value and then 1 minus rhojk that below

that this table that you have got.

So, finally you get for criteria, one table for criteria weightage that how much actually
weightage that you are going to give for which criteria so for C1 then we find that the
weightage that we need to give is, you calculate on the basis of these values that you have
already calculated.

Now let us calculate the weightage that we are going to give Cj your value finally comes 5.72
how you get that, you calculate each one of on the basis of your criteria so C1, C2, C3, C4
you get each one of them a value, now for all these criterias, four criterias you got four

different value 1.88, 1.22, 1.23, 1.39 the Cj values then you add them up you get 5.72 so now



you are trying to find out the weightage so for C1 you actually divide C1 the Cj value divided

by the summation of Cj s.

So that actually we saw in case of the formula that we have shown discussed earlier here in
this particular slide. So basically you are trying to find out that for each criteria how much
weightage that you are going to give weightage is Wj so for C1 your weightage comes 0.33,
for C2, 0.21, 0.22, 0.24 like that. Now you got the weightage for each criteria once weightage
is there then you go back in the previous lecture that I mentioned unequal weightage, so for
C1, C2, C3, C4 you get all this unequal weightage and then of course it is easy to calculate
for WSM or WPM whichever method you actually goes to use.

(Refer Slide Time: 9:09)

Determination of objective criteria weights (Entropy method) \/V

Q Commonly used weight determining method that measures value dispersion in decision-making

————
The entropy E; for =1, 2, ..., m for each criterion is calculated by

Q Higher dispersion degree means greater weight and more information by the criteria
d

Where, 0 < E; < 1; py; is the normalized value of " criterion for the i altenative which is given by

——
=

sum-reciprocal normalization.

—
[** The criteria are not separate as beneficial and non-beneficial criteria]

Where, the degrees of variation, d;, i.e., non-normalized values of the weights determined by the entropy
method, are calculated for each criterion - —

| (s
E

Determination of objective criteria weights (Entropy method)

The entropy weights of j" criterion,;, is computed by
e

Example of previous MCDM problem (Entropy method)

Non beneficial Beneficial
Technologies Water Cost of Yield (tha) Water use
requirement  cultivation (INR) efficiency (%)
mm) (ol O iy
i A 621.0 39925 7.51 58.32
B 448.2 51925 9.13 5417
c 604.8 49350 8.02 49.43
D 534.6 44050 8.58 68.36
E 475.2 48125 8.78 63.22

680.4 49050 7.35 48.34



\Eximp_le_of Erevicﬂs@M problem (Entropy method) L ]

A-621.0 39925 Fs&ag ct c2— ¢33 c4
8 M&J e e ot A 0185 0141 0452 0471
C 648 49350 802 4943 B 013 0184 0185 0158
D 536 44050 858 6836 -g 3129 gg; gﬁj ﬁ';%
E 4752 48125 878 6322 E 01 017 0478 0485
Foonal s 735 de3 F o022 0174 0149 0441
I —— T —
% ct c2 €3 c4
Pi=ym v A 1687 1950 1884 -1.766
6210 . B 20T 6 G -85
Tz 188 C 75 A4 182 1931
D 1839 1858 1749 -1609
Mg = 1.0 E 1950 1772 0726 -1.667
F 1500 1749 1904 -1.959

Now for coming to find out the weightage criteria weightage an entropy method is also used
for determining the weightage of your criteria. So higher dispersion degrees means greater
weight and more information by the criteria. The entropy Ej for j is equal to 1 to m for each

criteria is calculated by this formula.
Ej is equals to minus 1 by In of n multiplied by summation 1 equal to 1 to n pij into In of pij

So you calculate the entropy Ej where the Ej value lies between 1 to 0 pij is the normalized
value of jth criteria for the ith alternative which is given by some reciprocal normalization,
you add up and normalize it.

So pij again can be calculated in this way now where dj stands for degrees of variation that is
nonnormalized value of the weight which are determined by the entropy methods and this dj
you can calculate by dj is equal to 1 minus entropy value of that jth criteria. So this is the way
that we can actually also calculate the entropy value and this entropy weights of jth criteria
which is Wj is can be computed by this formula.

So once you know dj then you can actually can calculate also the Wj, so example for this
particular entropy method again you have C1, C2 same set of criteria and technologies then
you calculate all the values then you go for the maximum and minimum identification, as you
got it here maximum minimum like that for all the criteria you can easily calculate and then
you go for pij calculation and then you go for log normalizations. After that basically you
plot this table, this is your log normalization methodology, from here you get these values.

(Refer Slide Time: 11:32)



I Example of previous MCDM problem (Entropy method)

Pij
C1 C2 C3 C4
0.185 A/ 0.141 0152 0471
0.133 0.184  0.185  0.158
0.18 0175 0162  0.145
0.159 0156 0174 0.2

(LG e R O A 3)1312 3)2276 %286 :4302
0202 0474 0149  0.141 ? - = £

m—) B 0 0w asn A%
“ S b e o
D 022 02 0304 03

¢ c2 ¢34 S 2208

E 0276 -0301 -0307 -0.312
F 0323 0304 -0284 -0.276

m m oo W >

4687/ 1959 -1.884  -1.766
2017 -1.693  -1.687 -1.845

715 1743 182 -1.931 d/ ‘
-1.839 1858  -1.749  -1.609 0.185x (-1.687)
-1.959 772 1726 -1.687

-1.599 1749 -1.904  -1.959

m Mmoo w >

| Example of previous MCDM problem (Entropy method) |

39925 7 751  58.32 c1 C! C3 C4

621.0
4482/ 51925/ 943 5447 0.185 0141 0452 0471
0133 0.8 0485 0.158

A
B 0 :
6048 49350 802 4943
L L
5346 44050 858  68.36 S
E
F

4752 48125 878  63.22 0444 047 0478 0485
5304 49050  7.35  48.34 0.202 0474 0149  0.141

-_¢

A 1687 1950 -1.884 -1.766
B 2017 1693 1687 -1.845
c 175 1743 -182 1931
D
E
F

m m O O W >

-1.839  -1.858 -1.749  -1.609
-1959 1772 1726  -1.687
-1.599 1749 -1.904  -1.959

-
1
Ej='mzpu‘-lnpij n=6
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0268 || 0312 || 0312 || 0292 e
0309 || 0.305 | -0.295 || -0.28 Example, 1-0.993 = 0.007
0292 || 029 [ 0.304/ -0322 _d,’”_‘

0276 || 0301|[ -0.307|| -0312 Wﬁm m=4

0323 || 0304 0284 -0276
M 478 | 4788 4788 784
E 093 09 09 0%
(0007 0002 0002 0005
WL0438 0425 0125 0313

Vi
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W 0438 0125 0125 0313 (Nearly)




Now once you got this pij table and log normalization then you come here in this table from
this table we go for the next is pij into log of pij which is very easy for each criteria actually
you will multiply these two values so for each criteria you multiply these two value you get
another value which actually is your entropy value.

So now for each criteria you will get ultimately a set of value and then you calculate the sum.
Sum normalizations you have Ej with you, dj and Wj you can calculate here in this
methodology which we also earlier in other example we have showed how you can calculate

Ej entropy dj and also weightage Wj value.

So once these are done then actually you try to calculate the summation value of dj s which is
again divided by the individual values of dj of each criteria then you get a value of 0.438
which is the weightage of that particular criteria C1. So for C1 you have dj value this and the
summation of all the dj values under criteria C1 is 0.016. So that means 0.007 that is the dj
value of the entire set of alternatives for C1 divided by the summation value you get the
weightage for C1 and this is actually again you get it by another method which we call as
entropy method.

Basically what we are trying that just to confirm that that whatever we are choosing is
actually almost near to the reality, we are not making any mistake. So you can actually try
choosing the alternatives by more than one method also to cross check whether you reach to

the same conclusions.

(Refer Slide Time: 13:50)

‘ Analytic hierarchy process (AHP)

0 Most widely and common method of MCDM approach.
0 Depends on expert judgment.

Q Relative importance should be given to each criterion on a 1 - 9 scale (Saaty, 1981). Which leads to the
formation of a pair wise comparison matrix

Q Commonly used with several GIS-based MCDM problems such as flood, landslide vulnerability mapping,
forest fire mapping, groundwater potential zone, artificial recharge zone, critical crop cultivation zone
identification, and many other socio-economic, and geological applications.

Q Not required the criteria values of the alternatives




| Analytic hierarchy process (AHP): previous example problem \

Q Scale of relative importance is 1, 3, 5, 7, 9 and intermediate values are 2, 4, 6, 8

nex ___11 3 s 7o |

Importance Equal Weak Strong Demonstrated  Absolute
ca

Water requirement (mm)  Cost of cultivation (INR)  Yield (tha) Water use efficiency (%)
'¥

Pairwise comparison matrix

c1 C2 C3 c4
C1 1 319 53 — '
C2 113 1 47 2

3 T T4 1 5
C4 35 12 15 1

e G NS
Pairwise comparison matrix

c1 C2 ¢3 C4
1 3 0.778  1.667

0.333 1 05711 2
1285 1.75 1 5
06 05 02 1

IAnaIytic hierarchy process (AHP): previous example problem

--
(A [ E N & 0.311 0305  0.172
g; ;333 ? Egj 1'667 - c2 0103 016 0224 0207
: s c3 0399 028 0392 0517
S 2 c4 018 008 0078  0.103
c4 06 025 02 1
SUM 3218 625 2549 9667 1/3.218=0.311
W 0317 0 : 0.112 -I'Z-
¢l 2 c3 ca 0311 048 0305 0472 0.317
c1 0317 052 0309  0.187 - c2 0103 016 0224 0207 0.474
c2 006 0474 0227 022 c3 0399 028 0392 0517 0.397
c3 0407 0305 0397 056 c4 0186 008 0078 0103 0.412

c4 019 0087 0079  0.112
(0.311+0.48 +0.305 + 0.172) / 4= 0.317

Ex.0.317 x 1=0.317, 0.317 x 0.333 = 0.106 etc.

’ Analytic hierarchy process (AHP): previous example problem

W 0315 0209 0378 0098 0.317 +0.522 + 0.309 + 0.187

=1.335

c1  C2 C3 C4 sSulMm W SUM/W 133570317 = 4211

c1 0317 0522 0309 0.187 1335 0317 4211
c2 0106 0174 0227 0224 0731 0474 4201
c3 0407 0305 0397 0.56 1669 0397 4204
c4 019 0087 0079 0112 0468 0112 4179

Consistency index (Cl) e 4211+ 4.201 + 4.204 + 4.179
4
= Mmax =1 n = Number of criteria
n-1 n =4 (Here) Aray = 4199
=421 0066
A= n [+ 2 [3 4 [5 6 7 [8 [o [10 ]
Random index (RI) Rl 00 00 058 09 112 124 132 141 145 149

Consistency Ratio (CR) < 0.1

S /_
cr= -2 o< tence 2
- e (o



Now, AHP we have discussed in the introductory lecture of MCDM, so | am not going to
repeat much here. So AHP method is one of the most commonly used method and here in
analytical hierarchy process we give relative importance of values to each of the criteria and
nOwW suppose your criteria again you have four criteria here how you are going to actually
calculate AHP.

Here we go for pairwise comparison matrix which we discussed earlier. So for pair wise
comparison matrix you will get a matrix with value like this and from there you will go for
calculation of your different weightage and once you get the weightage then you go for
finally you plot them and you get your ranking. Ranking for each one of the criteria so these
are the basic weightage that you have got for different criteria through different processes that

I have mentioned earlier.

(Refer Slide Time: 15:03)

‘ Analytic hierarchy process (AHP): previous example problem (Using geometric mean)

Pairwise comparison matrix . 1
(1x3x0.778 X 1.667)% = 1.404

c1 C2 C3 C4 GM W
c1 1 3 0778 1667 1404 0311 1.404 +0.785 + 1.831 + 0.495 = 4.515
c2 0333 1 0571 4 0.785 0.174 1.404 | 4,515 = 0.311
c3 1285 175 1 5 1.831  0.406
c4 06 025 02 1 0495 0.1 /

“SUM 4515 ‘/
W 0311 04174 0406 0.1
c1 C2 C3 c4 SUM W SUM/W
c1 0311 0522 0316 0183 1332 0311 4.283 : 0.06
(R=—=——-=0073<01

c2 0104 04174 0232 022 0.73 0174 4195 RE- 09
c3 04 0305 0406 055 1.661 0406  4.091 In both cases, the weights
c4 0187 0087 0081 0.1 0.465 0.1 4227 are coming nearly equal

Mg 4199 @)

And then once you get the value of weightage of each criteria you put them in a matrix and
from this matrix you get now the value of individual criteria as well as total sum of their
criteria values, so once up it is done then you calculate the Cl and CR value if you again
recall the introductory lecture we mentioned about this, this you can calculate easily and CR
values it should be less than 0.1 because this is the value that we considered as acceptable in
case of AHP.

(Refer Slide Time: 15:43)



Analytic hierarchy process (AHP): Limitations

Q As the pairwise comparison matrix is formulated based on decision-makers or expert judgment therefore
always there is a chance of biasness.

Q Multiple expert judgments need to be taken
Q Solving a pairwise comparison matrix al oes not lead to a consistency ratio (CR) < 0.1 hence the
process is iterative untila CR < 0.{

Q If any criteria consist of several subcriteria then first the weights of subcriteria need to be determined and then
the subcriteria weights need to be multiplied by criteria weight to get the global weight for the final ranking

Q Expertise can be recognized based on areas of expertise, diverse political views, diverse perspectives,
diverse technical expertise j
Delphi Technique ‘ S / /
Q Expert may ask specific questions and often rank choices differently
Q Different experts may agree or argue with others’ opinions or choices
Q Responses may go to a central source that is summarized and feedback to the experts without attribution

Q This process may be iterative and may be time consuming

So AHP though | said that it is a very commonly used methodology for multiple criteria
decision analysis but it has certain limitation. You see that when you do the pair wise
comparison then you will find the decision-making process or expert judgment there are
always a chance of certain amount of biasness in the pairwise comparison matrix. Multiple

expert will give for one particular criteria different values or weightage.

So, solving a pair wise comparison matrix always does not may lead to a consistency ratio
less than 0.1. Hence the process is iterative means repeating you have to continue repeating
giving different values and unless until you get rich CR value less than 0.1, that is one of the
major aspect of AHP. If you find if any criteria consists of suppose several sub-criteria then
we first give the weightage to sub criteria and then the sub-criteria weightage need to be

multiplied by the weight of the criteria to get the global weight for the final ranking.

So, sub-criteria weightage you first give and then you multiply it with the main criteria, this is
how we go for final criteria weightage ranking. So expertise sometime as | said that can be
diverse in different political views, it can have diverse perspectives and that is why sometime

in AHP utilizing experts suggestion comments could be a time little bit difficult.

So Delphi technique is one which actually is a kind of a feedback taking process and then
again you send it back to the people so two to three times of this iteration takes place. Expert
may ask some specific questions different experts may agree or argue with others opinion,
responses sometime may go to the central source that is summarized and feedback of the

experts without any attribution.



So that means from this process you come down and here after synthesis it can go back again
to the responder so that means you check it one or two times to avoid any kind of biasness.

So this process basically it iterative and often it is time consuming.



(Refer Slide Time: 18:18)

Analytic hierarchy process (AHP): Sub criteria

Yes, when we discussed about sub-criteria it looks like this so in AHP you have this is your
criterias and within criterias you have sub criteria. But when you have sub criteria then you
have to choose your alternative in this way so your criteria and sub-criteria these two will be
multiplied then you get a global value and that value will be tried with all alternatives. So this
becomes little bit time consuming to identify finally the scores and the ranking of the

alternatives.

(Refer Slide Time: 18:53)

Analytic hierarchy process (AHP): Sub criteria //
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Q Compute the local weight of the subcriteria (same asAHP)

0 Compute the weight of the criteria then compute the global weights
SR

W W Wy o Wiy

So this is what | discussed and finally when you go for sub-criteria level of analysis criteria
and sub-criteria then of course your task become little time consuming as you see that you

have a criteria then you have sets of sub-criteria and then for each criterias, sub-criteria you



have different weightage so you multiply and then you get a global value with weightage of

criteria.

So this is the after multiplication that value you get finally you take it further for ranking
process. Same way you tried for all the criteria so you should compute the local weight of as |
said the sub criteria and then the criteria then compute the global weights. These are the
global weights basically you get by multiplying sub criteria weightage with criteria weightage
and once you get that then you plot them and then you find out that which one of the criterias

basically are coming on the top or at the bottom and then you choose it for your purpose.

So AHP again analytical hierarchy process is one of the MCDM technique which you will
find very commonly used especially for in natural resource management businesses. So |
hope that these processes you would also try to apply whenever you actually work in the field
of natural resource management and you get perplexed with what you call legacy of having

plenty full of alternatives in your hand.

But in many cases if you do not find more than one, suppose you have only one choice,
suppose irrigation, you have only one choice surface irrigation then there is no need of doing
all these analysis but if you have more than one then the question comes should | go for this
or that, if you are confused then these exercises of MCDA it helps you to identify the best

alternative.



