Innovative Systems Design and Engineering www.iiste.org
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) J LA L]
Vol4, No.15, 2013 ISTE

Model for Measuring Post-Harvest Technological Capability of
Paddy Farmersin Dealing with Climate Change

Anggara Hayun A Machfud, Sutrisnd, Ani Suryanf
1Young Researcher, The Agency for The Assessmenfpptication of Technology,
2Post Graduate Program, Faculty of Agricultural Tetbgy
Bogor Agricultural University

ABSTRACT

Extreme weather has been occuring recently in variegions in Indonesia. In the early 2013, thisdition has
caused flood in Karawang districthe increasing extreme climate indicates that diénenange has occurred.
Climate change, in the form of high/low rainfalfragic rainfall or changes in the rainy/dry seaduas become
problem to paddy farmers in Karawang district. Reobfaced by farmers due to climate change isnbeease
of paddy post-harvest losses. Technological cajpaloif farmers is one of the main factors that piayportant
role in facing such condition. Measurement of guatvest technological capabilities of paddy farnierdealing
with climate change is carried out using six ciéen.e the production capability, investment caligb
capability to make small changes, capability to enakajor changes, marketing capability, and capghdi
create network. The methods used to measure thadfgical capabilities are the Analytical Hieraydbrocess
(AHP) and Non Numeric Multi Expert Multi Criteriad@ision Making (ME-MCDM). This study reveals the
level of farmer post-harvest technological captédiin dealing with climate change and providehm®logy
policy recommendation.

Key Words.Climate change, technological capability, level déchnological capabilities, policy
recommendation

INTRODUCTION

Technological capability plays very important riadedealing with climate change. It is also impottan
for technology learning. With good technology skiltechnology development can be conducted effdgtiv
adaptable, able to improve and to create new tdopies themselves (Lall, 1992; Lall, 1993, Bell dPalvitt,
1993, Kim 1999, Dutrenit, 2004, lammarino et ab0g).

There are some different definitions of technolaficapabilities. According to Kim (1997),
technological capability is the ability to make usg technological knowledge effectively as an efftw
assimilate, use, adapt and modify the availablstiexj technologies. Technological capability is tkesult of
interactive learning and interaction among a nundfexctors. Szogs (2010) stated that technologiaphbility
is the ability to find and select the most appraferitechnology, among the existing ones that saéadle, to be
assimilated, as well as all activities related#® ¢reation of new knowledge.

Bell & Pavitt (1993) said that technological capitpiis the ability to perform technical change.
Technological capability reflects the dynamic cdioti of the company resulting from the processechhology
learning. Ernst et al (1998) developed the techgiokd capability in production capability, investme
capability, marketing capability, capability to ate linkages, capability to make small changes,capébility to
make major changes.

According to Rokhani (2007), paddy post-harvest ivdgs includes harvesting,
collecting/accumulating, threshing, transportingyirnly, storing, and milling. Iswari (2012) dividgzaddy post-
harvest activities into four stages which incluéevesting, threshing, drying, and milling. Whilety@mo (2010)
classified paddy post harvest activities into ngtages, i.e threshing, drying, transporting, ngllirstoring,
quality standardizing, processing, and waste hagdli

Postharvest activities in this study are focusecharvesting, threshing, drying, and storing. Milin
activity is not excluded in this research with thason that it is currently carried out by the imglindustry, and
the technological capability problem of milling ity nowadays is due to the obsolete milling maehso that
the action required is the revitalization of thegga milling industry (Taher 2010). Transportatiastiaity is also
not included as the the focus of this researchesgmin transportation activities do not requirgngicant
improvement of technological capability.

Postharvest technologies for the post-harvestitiehat can be implemented respectively include:
1. Harvesting activitiesani-ani (a tool for cutting paddy), sickle, serrated sigkbaddy mower, reaper, and

combine harvester.
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2. Threshing activity: trampling, bangingedal thresher, power thresher, and combine hamvest

3. Drying activities: uncovered area, drying areapfalastic covered drying area, dryer (flat bed drigkeyer
box/vertical dryer), and silo integrated dryer.

4. Storage activities: granary, canned/gunny/plastgsbin the warehouse, IRRI high quality sacks in
warehouse, silos, and in store dryer.

Climate change, according to the Las et al (20i%$Xje condition where the magnitude and/or intgnsi
of some climatic elements tend to change or de¥rata its dynamics and average conditions towaograin
direction (increasing/decreasing). Change in rdlipfattern is the most important indicator to idgntvhether
climate change has occurred in a certain area.r8aibet al (2011) found that changes in rainfaltgra are
characterized by the late coming of rainy seasahtha early end of rainy season. The rainy seasonrs in
shorter period with high rainfall intensity.

The problem for the farmers is whether they are #dbldeal with this climate change characterized by
shorter period of rainy season with high intensityainfall. Technological capability of farmers diealing with
climate change is very crucial in order to avoid thcreasing loss of weight and the decreasingef-parvest
paddy quality. This issue underlies the researchdegelop a model for measuring farmer post-harvest
technological capability in dealing with climateatige.

This study aims to find out the level of farmer pbarvest technological capability in dealing with
climate change and to provide recommendation afiired technology policy. The technological capaypils
specified in five levels, i.e. very low, low, mediyhigh, and very high. These technological cajtgidvels are
related to the level of technology component todpoe the expected technological capabilities. Evels of
farmer post-harvest technological technology leéwalealing with climate change that have been tifled can
be used to develop technology policy recommendstionmprove the level of farmer post-harvest tetbgical
capability in dealing with climate change.

RESEARCH METHOD

Resear ch Framewor k

Model for measuring post-harvest technological bdjpa of paddy farmers in dealing with climate
change is a model which is developed using intefigg system approach. Intelligence system apprizach
required to imitate the expertise of experts anplément it to solve problems faced by farmers ialidg with
extreme climate change. The extreme climate chamdgerm of high and erratic rainfall becomes a cesi
problem for farmers. This issue is complex and uestired so that soft system method is requiresidoage it
(Eriyatno & Sofyar 2007).

This study is originated from an attempt to addsdblems faced by paddy farmers due to extreme
climate change by identifying some issues, i.eow s farmer post-harvest technological capabilitglealing
with climate change and what technologies are reduto improve the farmer post-harvest technoldgica
capability in maintaining continuity of rice supphjith good quality and quantity. The conceptuafrfeavork of
this study can be seen in Figure 1.

Problems Occured as the Impact of Climate Change

A
Farmer Technological Capability Readiness

A
Measurement of Farmer Technological Capability

Figure 1. Conceptual Framework

The framework of model for measuring post-harvesthhological capability of paddy farmers in
dealing with climate change is formulated usindecia of technological capability level measuremerdel
developed by Ernst et al (1998). The model considtghe determination of criteria and sub-criteria,
measurement of technology capabilities, and tedgyopolicy recommendation. The framework model ban
seen in Figure 2.
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Resear ch Framework

The stages of model for measuring post-harvesintdogical capability of paddy farmers in dealing
with climate change consist of determination ofgmse of the study, problem identification, dataexdion,
aggregation of level of importance, Determinatidnfuzzy linguistic label of criteria and sub-crii@r fuzzy
assessment of post-harvest activities, determimaifothe level of technological capabilities, amdhnology
policy recommendation. The output of this modethis level of farmer post-harvest technological tépg in
dealing with climate change and technology poliegommendation. Figure 3 shows the complete staigéne o
model.

Determination of Criteria and Sub Criteria

A

Measurement of Technological Capability

A

Technology Policy Recommendation

Figure 2. Framework Model

Data Collection

Primary and secondary data are required in thidysaf Model for Measuring Paddy Farmer Post-
harvest Technological Capability in Dealing withr@ate Change. Secondary data was obtained fromatsyr
as well as from researches with the similar subjactied out by the government institutions whicé also the
object of the study such as Ministry of Agricultu@MKG (Meteorology and Climatology Agency), BPPT
(Agency for the Assessment and Application of Tedbgy), the Ministry of Research and Technology|dgu
(National Logistics Agency), and Gapoktan (Farm&ssociation). As for the primary data, it was colésd
through field observation to the locations of paddyming in Karawang district, in-depth interviewsth
representatives of farmers/Gapoktan, governmeintetsities and R&D institutions, and experts.
Data Processing and Data Analysis

The methods for data processing used in this siuelas follows:
* Analytical Hierarchy Process (AHPused to determine the weight of technologicalabéjty criteria and

sub-criteria.

* Multi-Expert Multi-Criteria Decision Making with @ered weighed Average (OWAlsed to determine the
level of technological capabilities using the aggtéon of fuzzy linguistic label and fuzzy assesstmef
post-harvest activities.

Analytical Hierarchy Process (AHP) is used to pdevihe relative weights of the multiple criteriasoib-
criteria intuitively using pairwise comparisons.€eThesulted weight is converted into fuzzy linguiédel by
using triangular fuzzy number membership functidfeight which is located at the intersection of tiuazy
membership functions have two fuzzy values. Twayuzalues are then conducted a comparison. Memipersh
value fuzzy the largest is the value of label listja fuzzy. To determine fuzzy membership valuasiused
Triangular Fuzzy Number (TFN) membership functi@nangular fuzzy number membership function can be

seen in Figure 3.
AfA (x)

»

0
I m r x
Figure 3. Triangular Fuzzy Number M ember ship Function
TFN rules are also used for fuzzy rating of padalyrfer post-harvest activities. Fuzzy Rating of padd
farmer postharvest activities and fuzzy linguisiieel are represented using TFN membership funetsoshown
in Figure 5.
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Figure 4. Resear ch Flowchart
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Aggregation of Fuzzification Value of
Fuzzy Linguistic Label and Fuzzy
Rating of Postharvest Activities

A 4
Level of Technological Capability

A4
Conclusion and Suggestions

Figure 4. Resear ch Flowchart (Continuation)

According to Wang et al (2008), the value of xétetmined by the TFN membership function:

fa (X) =1, =
:tl [ <x<m
m-— |
=r—x m<x<r
r-m
=0, X>r

Fuzzy Linguistic label consists of the categori€s/ery Low, Low, Medium, High, and Very High.
According to Pedrycz and Gomide (1998), fuzzy listja label interval obtained from interviews wighperts.
The results of expert interviews obtained very lwith the interval from 0 to 0.25, low with the im&l from 0
to 0.5, medium with the interval from 0.25 to 0.Righ with the interval from 0.5 to 1.0, and veighhwith the
interval from 0.75 to 1.0.

SR F < T ST

0 025 0.5 0.75 10

Figure 5 Fuzzy Membership Function for Fuzzy RatofgPaddy Farmer Postharvest Activities and Fuzzy
Linguistic Label

Results of fuzzy linguistic label and fuzzy ratio§ paddy farmer postharvest activities are then
aggregated using the Multi-Expert Multi-Criteria di@on Making by Ordered weighed Average (OWA).
Aggregation is conducted in two stages, i.e. tliteria aggregation and expert aggregation. Thisegggion is
then ended with expert aggregation. Expert aggi@yatesults in the level of paddy farmer post-hatve
technological capability in dealing with climateattge.

Aggregation is done in two stages, sub-criteritédda aggregation and aggregation experts. Yager
(1993) formulate criteria aggregation as follows:
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As the formula for the experts aggregation is #evis:
P=Maks-1 . 6[Q¢ A B, 3)

RESULTSAND DISCUSSION
Hierarchical structure of farmer postharvest tedbmioal capability measurement in dealing with
climate change is derived from the technologicadatdlity developed by Ernst et al (1998), as wallfiom

brainstorming and in-depth interviews with sevemperts in paddy postharvest and climate change.

Hierarchical structure consists of 3 (three) lewglhéch include purpose in the first level, critarim the second

level, and sub-criteria in the third level.

a. First Level: Purpose
The hierarchy at the first level describes the peepof the activity. The purpose is to measureptdy
farmer post-harvest technological capability inlahgawith climate change.

b. Level Two: Criteria
The criteria used to measure the technological iityaof paddy farmer post-harvest activities inating
with climate change consists of production capgbi{lKTP,), investment capability (KT, capability to
make small changes (KER capability to make major changes (KJ,Anarketing capability (KT§, and the
capability to create network (KER

c. Level Three: Sub Criteria
Sub criteria used to measure the farmer post-hiateelnological capability in dealing with climatBange
can be seen in Table 1.

Table 1 Sub Criteria of Paddy Farmer Post Harveshmological Capabilities in Dealing wth Climate
Change

No | Criteria Sub Criteria
(SKTPRy) The ability of farmers in post-harvest activities
(SKTRy) The ability of farmers on controlling the qualif grain

The ability of farmers in scheduling paddy postvieat

(SKTPy)

1 Production activities
Capabilities (KTR) The ability of farmers in solving the problems tethto paddy
(SKTPRy) o
post-harvest activities
The ability of farmers in repairing and maintainimgichinery
(SKTPRs) .
and equipment
> Investment ) i
Capabilities (KTR)
(SKTRy) Farmers' ability to modify the machines to increheerice

The capability to post-harvest capability
3 make small
changes (KTE) (SKTP) The ability of farmers to create working procedures

harvesting paddy

The ability of farmers to produce the machine/ textbgy for
(SKTRy) paddy postharvest activities to reduce weight &oss$ quality

The capability to due to climate change
4 make major
changes (KTR The ability of farmers to create new process indygubst-

(SKTRy) harvest activities to anticipate weight loss arduoed grain
quality in facing climate change.

Marketing
Capabilities (KTB)
The Capability to
6 create network - -
(KTPg)
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Weights of criteria and sub-criteria are generatsitig expert choice 2000 software. The weights are
then converted into fuzzy form using TFN memberghipctions as shown in Figure 5.

Table 2 Weight and Fuzzy Linguistic Label

Criteria Weight Fuzzy Linguistic Sub Criteria Weight Fuzzy Linguistic
Label Fuzzy
SKTP, 0,402 S
SKTP, 0,215 R
KTP, 0,266 R SKTP; 0,180 R
SKTP, 0,125 R
SKTPRs 0,077 SR
KTP, 0,074 SR - - -
SKTPRs 0,746 T
KTP; 0,097 SR
SKTP, 0,254 R
SKTPR 0,532 S
KTP, 0,071 SR
SKTPy 0,468 S
KTPs 0,253 R - - -
KTPg 0,238 R - - -

KTP; criteria consist of SKTfand SKTR sub criteria. SKTRhas a weight of 0.746, while SKTP
weighs 0.254. Weight of 0.746 on SKdkes in the medium and high category of fuzzy mership values.
Using TFN membership functions as shown in Figyrhé medium and high category of the fuzzy menibprs
value in SKTR can be calculated.

75— 0,746

Medium= —— " = 0,016
)75 — 0.5

High = 0746-05
0,75 —0,5 0,984

The fuzzy membership value in the medium categsr@.016, while the category of high is 0.984.
Fuzzy membership value in high category is bighantthe value in medium category. It suggests ftiaty
linguistic label for SKTRis high.

The next step after determination of fuzzy lingaisabel is fuzzy rating of paddy farmer posthatves
activities conducted by experts. The last stepggregation of fuzzy linguistic label and fuzzy ratiwhich is
conducted in farmer post-harvest activities. Agat®n fuzzy linguistic label and fuzzy rating whids
conducted in farmer post-harvest activities suclpaddy harvesting, grain threshing, grain dryingg grain
storage. As for the other activities, since thely drave one criterion and have no sub criteria,abgregation
using fuzzy rating is applied only on experts. Resfithe aggregation is the level of paddy farmest-harvest
technological capability in dealing with climateatige.
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Table 3 Levels of Paddy Farmer Postharvest TeclgieabCapabilities in Dealing with Climate Change

No Post Harvest Activities Technological Capabiligvel
1 | Paddy Harvesting High

2 | Grain Threshing High

3 | Grain Drying High

4 | Grain Storage High

5 | Marketing Cooperation with Paddy Milling Industry High

6 | Marketing cooperation with Trader High

7 | Developing Relationship with Other Farmers Medium

8 | Developing Relationship with Paddy Milling Indiyst] High

9 | Developing Relationship with R & D and University Medium

10 | Developing Relationship with BMKG Medium

11 | Developing Relationship with the Agricultural Medium
Equipment Provider Industry

12 | Developing Relationship with Traders High

13 | Developing Relationship with Agricultural Insttar | High

The level of paddy farmer post-harvest technoldgiepability in dealing with climate change resdite
from the aggregation is then validated by expertse result of validation by experts showed thatehis
discrepancy between the obtained results and thereknowledge. According to experts, the levefasmer
post-harvest technological capabilities in dealivith climate change for the activities of rice hesting, grain
threshing, grain drying and storage grain is medium

Invalidity in the activities of paddy harvestingam threshing, grain drying, and grain storagéhen
verified more deeply to get the level of technobtagjicapability. At the stage of determination afesia weight,
it is found that paddy harvesting, grain threshigmin drying, and grain storage are only influehtgy the
criteria of KTR, KTP,, KTP;, and KTR. Criteria of KTR and KTR do not influence the four activities.

Taking into consideration that some criteria inflae and some other do not influence the activithes,
criteria that have no influence on the activitie®iiminated. Since KTRand KTR criteria are eliminated, total
value of KTR, KTP,, KTP;, and KTR criteria is less than one. To reach the totale@guals to one, the criteria
of KTP;, KTP,, KTP;, and KTR is normalized. The result of this weight normdiiza is later used in data
processing.
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Table 4 Weights and Fuzzy Linguistic Label Resufteth Normalization

Criteria Weight Fuzzy Linguistic Labe Sub Criteria eight Fuzzy Linguistic Label
SKTP, 0,402 S
SKTPR, 0,215 R
KTP, 0,524 S SKTP; 0,180 R
SKTP, 0,125 R
SKTPRs 0,077 SR
KTP, 0,146 R - - -
SKTPs 0,746 T
KTP; 0,191 R
SKTP, 0,254 R
SKTPR; 0,532 S
KTP, 0,139 R
SKTPR, 0,468 S

Weights and fuzzy linguistic label resulted fronrmalization process are then aggregated using fuzzy
rating on paddy farmer postharvest activities. Hggregation results in the level of paddy farmestgharvest
technological capability in dealing with climateatige as shown in Table 5.

Table 5 Level of Farmer Post-Harvest Technologizagbabilities in Dealing with Climate Change Regiifi@m
Normalization of KTR, KTP,, KTP;, and KTR Criteria

No Post Harvest Activities Technological Capabiligvel
1 Paddy Harvesting Medium
2 Grain Threshing Medium
3 Grain Drying Medium
4 Grain Storage Medium
5 Marketing Cooperation with Paddy Milling Industry High
6 Marketing cooperation with Trader High
7 Developing Relationship with Other Farmers Medium

. . N - High
8 Developing Relationship with Paddy Milling Industr
9 Developing Relationship with R & D and University Medium
10 Developing Relationship with BMKG Medium
11 Developing Relationship with the Agricultural Medium

Equipment Provider Industry

12 Developing Relationship with Traders High

. . . . High
13 Developing Relationship with Agricultural Insttac

The level of farmer post-harvest technological téliees in dealing with climate change resultedrfr
normalization of KTR, KTP,, KTP; and KTR criteria is evidently already in accordance witte level of
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technological capabilities resulted from experidation. It suggests that if the criteria havinginfluence on

post-harvest activities are included in the dateessing, it will influence the final result of dgirocessing. The
non-influencing criteria are  first eliminatedydafollowed by the normalization of the influenciogteria to

reach the total value of weight equals to one. fEselt of weight normalization is continued to thext stages,
i.e. determination of fuzzy linguistic label, fuzegting on farmer post-harvest activities, and degermination

of technological capability level using aggregatioh fuzzy linguistic label and fuzzy rating on fam
postharvest activities.

CONCLUSION

Conclusion

One of the efforts can be conducted to deal wittnatie change on paddy post-harvest activities is by
improving the post-harvest technological capabilfgchnological capability can be increased if linel of
technological capabilities is known. Measurementechnological capability is required to find obetlevel of
technological capability. Model for measuring pbatvest technological technology of paddy farmerddaling
with climate change is a model designed to meafarreer post-harvest technological technology inlidga
with climate change. The output generated from thiglel is the level of technological capabilitiesdiealing
with climate change on each post-harvest activitye level of technological capability resulted freims model
can be generally divided into two levels, high anedium. There is a high level of technological dalits in
the activities of marketing cooperation with mifilndustry and rice traders, and developing retetiip with
milling industry, traders, and agricultural insttmc As for the medium level of technological caitith it is
found in the activities of paddy harvesting, grineshing, grain drying, grain storage, marketiogperation
with other farmers, and developing relationshipghvid & D institutions and university, BMKG, and agrtural
equipment provider industry.

Recommendition

Improvement of paddy farmer post-harvest technelgcapability in dealing with climate change
should focus on technologies in the medium levéerAthe technological capability in medium levglable to
be increased to high level, it is advisable to utade remeasurement on technology capabilities roarefully
to identify what other technologies need to be mrpd to help farmers dealing with climate change.
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