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Highlight 

This article presents to use of Hybrid FMEA-AHP for risk management in Rice Farming: An Indonesian Case Study 
from Hamparan Perak. 

 

Abstract 

Background and Objective: Climate change poses significant risks to the continuity of rice farming, necessitating 
precise risk management efforts. This study aims to analyze and prioritize risks in rice farming associated with 
climate change. Materials and Methods: Conducted on a micro-scale in Hamparan Perak District, Deli Serdang 

Regency, Indonesia, this research engaged two experts in risk analysis and assessment. The methodology 
combined Failure Mode and Effect Analysis (FMEA) with Risk Priority Number (RPN) calculations and integrated 
the Analytic Hierarchy Process (AHP) to enhance analysis accuracy. The research focused on production and cost 

risks, identifying 41 relevant failure modes. Results: The findings include a prioritized risk ranking based on RPN 
calculations multiplied by AHP relative weights. The four priority risks identified were: 1. Strong Winds: During 
the generative stage, strong winds knock down rice plants, severely impacting production. 2. Fertilizer Shortage: 
A shortage during the vegetative phase increases costs. 3. Floods during the Generative Period: Flooding damages 
the grain, reducing quality and lowering selling prices. 4. Floods during Vegetative Phase. This results in 
substantial damage to the rice plants. Conclusion: These results highlight the importance of targeted risk 
management strategies to mitigate the impacts of climate change on rice farming. 
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Introduction 

The food sector is threatened by climate change so farmers must adapt to conditions that are difficult to predict 
[1]. Climate change is a serious challenge and has a major impact on agriculture [2,3]. Therefore, the impact of 
climate change cannot be underestimated for the sake of sustainable development [59,52]. In the food sector, 
efforts should focus on managing identified agricultural risks2. Because risk is a basis that is very much considered 
in development and investment in various fields, including agribusiness development6. Risks generally lead to loss 
of crops, income, and even disasters [6,7,4]. 

 
Rice is an agricultural commodity that is vulnerable to climate change [8]. Climate fluctuations affect rice 
production [9] and also farmer income [2]. The farmers themselves have also understood this influence [53]. 
Weather, for example, is a source of risk that reduces rice productivity [8,10]. A decrease in productivity directly 
or indirectly impacts the welfare of farmers and food availability in a region [11]. This is like a domino effect on 
the sustainability of rice farming, because the welfare of agriculture is an important factor for the long-term 
sustainability of agricultural businesses [12,5]. 

 
Therefore, it is important to implement risk management in response to climate change in rice farming [13]. The 
application of risk management is intended to order the focus of management efforts based on prioritized risks 
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[14,53]. A well-known tool for identifying and prioritizing risks is Failure Mode and Effect Analysis / FMEA [16,15]. 
The order of risks is sorted based on a risk score called Risk Priority Number (RPN). 

 
However, as research has progressed, some literature has revealed significant weaknesses in the FMEA tool. For 
example, some risks can have the same RPN magnitude and the variable index multiplication in RPN is equally 
important, but in practice everything is different [17]. The RPN calculation in FMEA is considered simple and 
inadequate to reflect expert opinions [18] and other weakness-related expressions in their articles [16,19,55]. To 
overcome these weaknesses, it is necessary to develop methods for analyzing risks [3]. So, in this article, a risk 
analysis was performed through hybridization between RPN FMEA and the Analytic Hierarchy Process (AHP). 

Through the hybrid RPN FMEA with AHP, this research will find a new, more accurate ranking for the identified 
risks, so that risk management recommendations can be formulated according to the level of importance of each 
risk. 

 

Materials and Method 

This research was conducted in 2023, the duration of the research was six months, namely June to November 
year 2023. 

 

Research Location 

This study was conducted at the micro scale in Hamparan Perak Sub-district, Deli Serdang District, North Sumatra, 
Indonesia. This area was purposively selected because it is a center of rice production and vulnerable to climate 
change. [20] This region has an average altitude of only about 7 meters above sea level. Judging from its position, 
this area has a strategic role, especially as one of the suppliers of rice food to the surrounding cities (Medan City 
and Binjai City). 

 

Data and Data Collection Methods 

At the beginning of the study, 12 informants were recommended by local agricultural extension workers. They 
are a combination of agricultural extension workers who are active in rice commodities in Hamparan Perak 
District, farmers who have knowledge of rice plant science and experience in rice farming in the area. Through 

discussions with 12 informants and considering the criteria of the respondents needed, two experts were 
obtained who met the criteria. The two experts used in this study represent good knowledge and experience 
related to rice plant science and rice farming management. 

 
The data used in this study is qualitative data obtained from two experts. Respondents were determined 
purposively, i.e. those interested in rice farming in the research area and willing to be involved in answering 
research questions. The respondents engaged in this study were considered experts and relevant to the research 
needs. They consisted of a rice agricultural extension worker and an agricultural graduate who served as the head 
of a rice farmer group and had about 10 years of experience in rice farming. 

 
A questionnaire that had been prepared was given to the respondents, first an FMEA questionnaire and then an 
AHP questionnaire. The FMEA questionnaire is used to calculate RPN. The RPN is the result of multiplying the 
Severity (S), Occurance (O) and Detection (D) variables using a scale of 1 – 10 [21,22]. The scale-filling guide for 
each risk was shown in Table 1. 
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Table 1: Severity (S), Occurance (O) and Detection (D) variables guidelines in FMEA 

Rank 
Severity (S) Occurance (O) Detection (D) 

Effect Description Effect Description Effect Description 

1 No No impact 
Almost 
never 

Has not happened until 
now 

Almost never 
Easy and proven 
detection method 

2 Very Slight 
Farmers are not 
disturbed 

Remote Ever but very rarely Very high 
Detection method 
performed with 
computer aided tools 

3 Slight 
Farmers are a little 
distracted 

Very slight 
Events and failures are 
very rare 

High 
Solution is still initial 
modeling 

4 Minor 
Causes minor 
annoyance 

Slight 
Happened several 
times 

Moderately 
high 

There is a detection 
model but it is still being 
tested 

5 Moderate 
Some farmers 
suffered losses 

Low 
Occurs a few times and 
little impact 

Medium 
Model available but still 
in pre-production 

6 Significant Farmers beware Medium 
Some events have had 
an impact 

Low 
The detection method 
has been tested on 
similar cases 

7 Major 
Farmers experience 
losses 

Moderately 
high 

Several times occurred 
and the impact is 
moderate 

Slight Tested on a small scale 

8 Extreme 
Farmers are severely 
disadvantaged  

High 
Multiple occurrences 
and high impact 

Very slight 
Still in detection method 
testing 

9 Serious Potentially harmful  Very high 
Frequent and 
moderate impact 

Remote 
Methods available but 
unproven 

10 Hazardous Harmful 
Almost 
certain 

Frequent and very high 
impact 

Almost 
impossible 

No solution for 
detection  

 
The AHP questionnaire was used to calculate the new relative weights for each risk. The scale used in the AHP 
questionnaire was adapted from Saaty who is the expert who originated this method [23,24]. The scale and its 
definition can also be seen in the article Gómez et al [60]. To simplify the work, we converted the respondents' 
answers into digital data on the computer. [28] 

 

Data Analysis Method 

In this research, first analysis is used the FMEA method. FMEA is a tool to identify potential failures in various 
sectors [19,20]. Various articles have revealed the steps involved in using FMEA, briefly identifying risks and risk 

sources or failure modes, calculating risks based on RPN and prioritizing risks starting from the highest RPN 
[16,19]. RPN is a multiplication function of S, O, D (see Table 1). 

RPNi = Si x Oi x Di  (1) 

 
The RPN-FMEA method needs to be evaluated using a relative weighting method to be more accurate [16,20], so 
in this study, the RPN is evaluated with AHP. Some previous literature that overcomes the limitations of RPN uses 
AHP for risk analysis on an application technology [55,29], and also simulations in other sectors [26,27]. 

 
AHP was developed by Thoma L Saaty to select the best alternative by considering several criteria [23,63]. AHP 
principles are used to identify criteria in the selection through weighting to obtain a ranking [29,30]. AHP can 
even evaluate the consistency of input from decision makers [61,25]. In AHP calculations, the maximum 
inconsistency index is 0,1 [23,31]. AHP stages briefly start by defining the problem in the hierarchy, filling in the 

comparison matrix and calculating the relative weight [61,32]. In this study, to simplify the analysis, we used the 
super decision tool. It should be informed that the value entered into super decision is the geometric mean so 
that it represents the entire questionnaire with a maximum inconsistency threshold of 0,1 [23,31]. 

 
The relative weight which is the output of the AHP calculation using super decision in this study we symbolize 

with W. After the weight is obtained, the RPN value is then hybridized with W to obtain WRPN. 

WRPNi = Wi x RPNi  (2) 
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Results 

Failure Mode and Effect Analysis (FMEA) 

• Risk Identification 

Risk identification is conducted through discussions with experts. In these discussions, the experts outline the 
stages involved in rice farming, which include the land preparation stage (symbolized by A), seeding stage 
(symbolized by B), planting stage (symbolized by C), vegetative maintenance stage (symbolized by D), generative 
maintenance stage (symbolized by E), and harvesting stage (symbolized by F). At each stage, failure modes and 
effects closely related to climate change are identified. The results of the risk identification are presented in Table 
2. 

Table 2: Risk identified 

Stages Criteria Code Failure Mode (FM) Effect Code 

(A) 

Production 
Risk 

RP 

Rain Land cultivation delayed due to tractor inoperability A1 

Drought 
Supply of irrigation water and other water reserves 
is low 

A2 

Cost Risk RC 
Post-spraying rain Costs increase for re-spraying pesticides A3 

High rain intensity Herbicide and weed control costs increase  A4 

(B) 

Production 
Risk 

RP 

Rain drenched the seedling area Seeds are scattered and do not grow optimally B1 

High rainfall Mollusca emerges and damages seedlings B2 

High rain intensity Damaged embankment and flooding B3 

Flood flow from outside the region Sown seeds are submerged or washed away  B5 

Rain washes away fertilizer Seedlings grow stunted and pale B7 

Cost Risk RC 

Rain damages seeds 
Increased costs for purchasing new seeds and 
reseeding  

B4 

Flooding from outside the region 
Additional costs for purchasing new seeds and 
reseeding  

B6 

(C) 

Production 
Risk 

RP High rain intensity Delayed planting resulting in older seedlings C1 

Cost Risk RC 

Difficult to find labor for planting 
when the weather improves 

Additional costs are incurred to access labor from 
outside the region 

C2 

Rain damages the number of 
seedlings 

Cost of buying seeds from other farmers C3 

(D) 

Production 
Risk 

RP 

Rain frequency increases Pest infestation is difficult due to rain  D2 

Fertilizer scarcity 
Fertilization is delayed and available when rainfall 
intensity is high 

D4 

Flood Rice plants submerged and damaged  D7 

Flooding from outside the region Rice plants submerged and damaged D9 

Long dry season Water supply is low so plants are disrupted  D11 

Cost Risk RC 

High rainfall 
Triggers pest infestation, increasing pest control 
costs 

D1 

Post-spraying rain 
Increased costs for pesticide purchase and re-
spraying 

D3 

Fertilizer scarcity 
Increased cost of accessing other fertilizers at the 
right time 

D5 

Intermittent rain and drought 
Pesticide costs increased due to increased pest 
infestation and spraying wages  

D6 

Flood Costs increase for replanting due to damaged paddy  D8 

Flooding from outside the region 
Crop damage and increased production costs for 
replanting 

D10 

Long dry season 
Increased cost of supplying water to the field using a 
water pump 

D12 

(E) RP The wind is blowing hard Damaged rice panicles E1 
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Stages Criteria Code Failure Mode (FM) Effect Code 

Production 
Risk 

The wind is blowing hard Rice clumps collapse and overlap each other E2 

Floods inundate rice paddies Biji padi rusak dan produksi menurun  E5 

Floods from outside the region 
inundate rice paddies 

Tanaman rusak dan produksi turun E7 

Weather transition and moist soil 
conditions 

Pest infestation increases and damages grain 
(unfilled grains) 

E10 

Cost Risk RC 

The wind is blowing hard Additional cost to repair collapsed paddy E3 

Wind knocks down rice Uneven maturity resulting in low selling price E4 

Floods inundate rice paddies Rice is damaged resulting in low grain selling price E6 

Floods from outside the region 

inundate rice paddies 
Damaged grain resulting in low selling price E8 

Intermittent rain and drought 
Costs are rising as fertilizer consumption increases 
due to weather volatility and scarcity 

E9 

Weather transition 
Pest infestation including birds that damage rice 
seeds 

E11 

(F) 

Production 
Risk 

RP Rain during harvest time Harvest delays and bird pests F3 

Cost Risk RC 

Sudden rain during harvesting Wet/moist grain so that the selling price decreases F1 

Rain soaks the access road 
The cost of transporting grain from the harvest 
location increases 

F2 

High rain intensity 
Harvest delays, pest attacks resulting in lower 
revenue 

F4 

* The code is only used to summarize the description of each item. 

 

Table 2 shows that the identified risks and failure modes consist of two criterias of risks, namely production risk 
(RP) and cost risk (RC) and 41 failure modes. In the paper of Komarek et.al [6,] cost is a component of market risk. 
The production risk identified 19 failure modes (A1, A2, B1, B2, B3, B5, B7, C1, D2, D4, D7, D9, D11, E1, E2, E5, E7, 
E10, F3). Cost risk with 22 failure modes (A3, A4, B4, B6, C2, C3, D1, D3, D5, D6, D8, D10, D12, E3, E4, E6, E8, E9. 
E11, F1, F2, F4). 

 

• Calculating RPN and Ranking 

RPN is calculated using formula 1. In this case, experts are asked to provide opinions regarding the appropriate 

scale for S, O, D for each failure mode with the guidance of Table 1. Then calculate the geometric mean to get 
one scale that represents the answers of both experts23 and round it up. After that, the risk ranking is sorted based 
on the highest RPN [17,33]. 

Table 3: Risk priority number and risk ranking 

Stages Criteria Code FM Code Severity (1-10) Occurance  (1-10) Detection (1-10) RPN Rank 

(A) 

RP 
A1 1 3 2 6 33 

A2 5 6 4 120 21 

RC 
A3 7 5 4 140 19 

A4 4 2 2 16 32 

(B) 

RP 

B1 7 4 3 84 25 (1) 

B2 6 2 2 24 30 

B3 7 2 8 112 23 (1) 

B5 7 2 8 112 23 (2) 

B7 7 3 1 21 31 

RC 
B4 6 2 8 96 24 (1) 

B6 6 2 8 96 24 (2) 
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Stages Criteria Code FM Code Severity (1-10) Occurance  (1-10) Detection (1-10) RPN Rank 

(C) 

RP C1 4 6 4 96 24 (3) 

RC 
C2 6 6 4 144 17 

C3 7 3 4 63 25 (2) 

(D) 

RP 

D2 8 5 6 240 11 

D4 8 7 4 224 12 

D7 7 6 9 378 7 

D9 8 5 9 360 8 

D11 8 4 4 128 20 

RC 

D1 7 5 2 70 26 

D3 7 7 6 294 9 

D5 8 7 8 448 5 (1) 

D6 8 7 8 448 5 (2) 

D8 7 3 9 189 16 

D10 8 3 9 216 13 

D12 8 6 4 192 15 

(E) 

RP 

E1 8 4 8 256 10 

E2 8 7 7 392 6 

E5 9 7 8 504 4 

E7 9 8 9 648 1 (2) 

E10 8 5 5 200 14 

RC 

E3 8 8 7 448 5 (3) 

E4 8 8 8 512 3 

E6 9 8 8 576 2 

E8 9 8 9 648 1 (1) 

E9 7 2 4 56 27 (1) 

E11 8 3 5 120 22 

(F) 

RP F3 5 5 2 50 28 

RC 

F1 8 3 6 144 18 

F2 7 3 2 42 29 

F4 7 4 2 56 27 (2) 

 
The risk ranking has been obtained through RPN calculation as shown in Table 3. Based on the calculation results, 
we found several failure modes that have the same RPN but with different S, O, D scales. This is evidence of the 
weakness of this method as mentioned by previous researchers16,19,20. Therefore, it is important to modify it to 

obtain a more accurate ranking. 

 

Anayltic Hierachy Process 

• Defining the Problem 

Clarifying the purpose of the problem under study is the first step to start the analysis in both AHP and ANP [34]. 
At this stage, it has been clarified that the analyzed issue is the management of production and cost risks in rice 
farming in an effort to respond to climate change so that farming is profitable. The participation of experts in this 
study was also used to develop a hierarchical relationship of risks that have been identified. Then we input it into 
the superdecision application as shown in Figure 1. 
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Figure 1. Defining problem with hierarchical model 

 
The creation of a hierarchy aims to define the problem into a simpler and more organized structure. The priority 
serves as the main objective of the analysis, which is to obtain a decision in the form of prioritized risks. The 
subsequent level consists of the criteria influencing the decision (Cost Risk/RC and Production Risk/RP), while the 
lowest level represents the alternatives containing the risks being evaluated. [65] 

 
• Filling in the Comparison Matrix 

After finding the hierarchy, because we use the application to facilitate the work, the questionnaire that will be 
given to the expert is designed based on the questionnaire in the super decision application. This can be seen in 
the "judgments" tab as shown in Figure 1. That tab contains the pairwise comparison questionnaire. 

• Relative Weight Analysis (W) 

Both expert responses are geometrically averaged to obtain an integer number that is entered into the 
application. After the input process is complete, it is important to control the inconsistency index smaller than 
0,1 [23,31]. 

 

Table 4: Inconsistency recapitulation 

No. Cluster/Node Comparison Inconsistency 

1. Cluster comparison with respect to (wrt) Priority 0,00000 
2. Cluster comparison wrt RP 0,04503 

3. Cluster comparison wrt RC 0,05668 
4. Node comparison of preparing (A) wrt RP 0,00000 
5. Node comparison of seeding (B) wrt RP 0,02177 

6. Node comparison of vegetative (D) wrt RP 0,00000 
7. Node comparison of generative (E) wrt RP 0,01265 

8. Node comparison of harvesting (F) wrt RP 0,02365 

9. Node comparison of preparing (A) wrt RC 0,00000 
10. Node comparison of seeding (B) wrt RC 0,00000 

11. Node comparison of transplanting (C) wrt RC 0,00000 

12. Node comparison of vegetative (D) wrt RC 0,00986 

13. Node comparison of generative (F) wrt RC 0,01315 
 
Based on the inconsistency index recapitulation we obtained (Table 4), all indices are lower than 0,1. So this 

calculation is feasible to continue the relative weight analysis. The results of the relative weight calculation that 
we obtained using the superdecision application are shown in Table 5. 
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Table 5: Relative weight (W) 

Name Normalized By Cluster Limiting 

E1 0,02937 0,003960 

E2 0,20288 0,027353 

E3 0,05533 0,007460 

E4 0,05533 0,007460 

E5 0,07128 0,009610 

E6 0,05533 0,007460 

E7 0,07128 0,009610 

E8 0,09731 0,013120 

E9 0,21492 0,028977 

E10 0,12424 0,016751 

E11 0,02273 0,003064 

F1 0,22318 0,015893 

F2 0,38164 0,027177 

F3 0,32993 0,023495 

F4 0,06526 0,004647 

A1 0,10517 0,007645 

A2 0,31549 0,022934 

A3 0,43451 0,031586 

A4 0,14484 0,010529 

Priority 0,00000 0,000000 

Risk of Cost (RC) 1,00000 0,250000 

Risk of Production (RP) 1,00000 0,250000 

B1 0,04049 0,001659 

B2 0,09200 0,003769 

B3 0,22683 0,009293 

B4 0,23447 0,009606 

B5 0,14489 0,005936 

B6 0,23447 0,009606 

B7 0,02685 0,001100 

C1 0,38004 0,020245 

C2 0,41330 0,022017 

C3 0,20666 0,011009 

D1 0,07034 0,008935 

D2 0,16378 0,020805 

D3 0,07034 0,008935 

D4 0,05459 0,006935 

D5 0,17334 0,022019 

D6 0,02696 0,003425 

D7 0,16378 0,020805 

D8 0,11374 0,014448 

D9 0,05459 0,006935 

D10 0,02696 0,003425 

D11 0,05459 0,006935 

D12 0,02696 0,003425 

 

• Calculating WRPN 

After obtaining the FMEA RPN value and relative weight (W) using AHP in superdecison, the WRPN is then 
calculated using formula 2. We present the results of these calculations in Table 6 below. 
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Table 6: WRPN and risk ranking 

Stages Criteria Code FM Code RPN Rank RPN W (AHP) WRPN Rank 

(A) 

RP 
A1 6 33 0,10517 0,63102 39 

A2 120 21 0,31549 37,85880 9 

RC 
A3 140 19 0,43451 60,83140 5 

A4 16 32 0,14484 2,31744 37 

(B) 

RP 

B1 84 25 (1) 0,04049 3,40116 35 

B2 24 30 0,09200 2,20800 38 

B3 112 23 (1) 0,22683 25,40496 15 

B5 112 23 (2) 0,14489 16,22768 23 

B7 21 31 0,02685 0,56385 40 

RC 
B4 96 24 (1) 0,23447 22,50912 18 (1) 

B6 96 24 (2) 0,23447 22,50912 18 (2) 

(C) 

RP C1 96 24 (3) 0,38004 36,48384 10 

RC 
C2 144 17 0,41330 59,51520 6 

C3 63 25 (2) 0,20666 13,01958 25 

(D) 

RP 

D2 240 11 0,16378 39,30720 8 

D4 224 12 0,05459 12,22816 26 

D7 378 7 0,16378 61,90884 4 

D9 360 8 0,05459 19,65240 21 

D11 128 20 0,05459 6,98752 30 

RC 

D1 70 26 0,07034 4,92380 33 

D3 294 9 0,07034 20,67996 20 

D5 448 5 (1) 0,17334 77,65632 2 

D6 448 5 (2) 0,02696 12,07808 27 

D8 189 16 0,11374 21,49686 19 

D10 216 13 0,02696 5,82336 31 

D12 192 15 0,02696 5,17632 32 

(E) 

RP 

E1 256 10 0,02937 7,51872 29 

E2 392 6 0,20288 79,52896 1 

E5 504 4 0,07128 35,92512 11 

E7 648 1 (2) 0,07128 46,18944 7 

E10 200 14 0,12424 24,84800 16 

RC 

E3 448 5 (3) 0,05533 24,78784 17 

E4 512 3 0,05533 28,32896 14 

E6 576 2 0,05533 31,87008 13 

E8 648 1 (1) 0,09731 63,05688 3 

E9 56 27 (1) 0,21492 12,03552 28 

E11 120 22 0,02273 2,72760 36 

(F) 

RP F3 50 28 0,32993 16,49650 22 

RC 

F1 144 18 0,22318 32,13792 12 

F2 42 29 0,38164 16,02888 24 

F4 56 27 (2) 0,06526 3,65456 34 
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Hybrid RPN with AHP has been able to provide a new, more accurate ranking in determining priority risks in this 
study. The calculations we performed in this study succeeded in prioritizing risks by 97.56%. After the hybrid 
process was carried out, we still obtained two failure modes that had the same WRPN value, namely local floods 
and floods coming from other areas. 

 
The ranking results based on the four highest WRPNs are E2, D5, E8, D7. Failure mode E2 is a strong wind that 
blows when rice enters the generative phase, this knocks down rice and has an impact on rice production. The 
use of varieties with sturdy stems is one of the appropriate actions. Failure mode D5 is the increased cost of 
fertilizer due to scarcity of fertilizer in the vegetative phase. E8 is a risk due to flooding that occurs when rice has 

entered the generative period, resulting in damaged grain so that the selling price falls. While D7 is the risk of 
flooding that occurs in the vegetative phase and this damages rice plants. [62] 

 

Discussion 

The risk identification process carried out in this study supports previous studies such as the article by Sang et.al 
[22] which also identified risks at each stage carried out by rice farmers on their agricultural land. Based on 
previous research searches, the results of this risk identification strengthen the research findings in Table 7. 

 

Table 7: Risk identified from previous research 

References Risk 

Komarek et.al [6] 
There are five risks in agriculture which include production risk, market risk, institutional risk, 
personal risk and financial risk. The majority of studies focus on production risk and only about 15% 
examine more than one type of risk. 

Huang et.al [13] Found that the authors disclosed production risks caused by flooding, drought.  

Arifin et.al [35] 
They examined the production and income risks of rice farmers. Factors that significantly affect 
production and income are land area, number of seeds, amount of fertilizer and pesticides.  

Rath et.al [36] 

18 risk factors were identified, including weeds, pests, birds, bacteria and viruses, lack of capital, 
misuse of fertilizers and pesticides, lack of agricultural knowledge. Environmental factors include 
floods, droughts, weak irrigation systems, lack of government support, and pandemic risk, 
Increased cost of raw materials (fertilizers, pesticides, improved seeds, and fuel); increased cost of 
transportation, labor, interest; lack of improved seeds, lack of labor, lack of agricultural equipment 
and machinery; low price of rice products, lack of market information, uncertainty in the amount 
of demand and quality of demand 

Ulya et.al [37] 

Risks in farming are caused by inadequate irrigation, poor seedlings, little seed supply, lack of 
machinery and equipment, scarcity of fertilizers, lack of capital, low grain selling prices, 
inappropriate policies, complicated bureaucracy, lack of insurance socialization, high labor costs, 
conversion of paddy fields, fluctuating rice prices, unstable climate, drought, flooding, pest 
resistance, soil damage due to pesticides and industrial / plantation waste.  

Di Falco & Bulte [38] Rising temperatures and rainfall risk depressing rice yields in many developing countries  

 
The results of the analysis show that the four top priority risks are crop damage due to strong winds that disrupt 

production, increased costs due to fertilizer scarcity, and flooding that inundates rice during the generative period 
so that the selling price of paddy falls and during the vegetative period which adversely affects production. [52] 

 
This research has obtained a new risk ranking which is the result of a hybrid FMEA with AHP. FMEA is recognized 
as a risk prevention-based management instrument in the future19. AHP can be used to improve the accuracy of 
FMEA [25,29].  

 
Strong winds are indeed a threat to rice farmers in the research area. Facts about this news can be seen in 
Appendix 1. Strong winds are not only about the collapse of rice plants, they can cause huge economic losses for 

farmers [39]. Strong winds in the generative phase can also cause rice grains to fall and not be filled but can be 
treated through the selection of the right genotypes/varieties [40], or adjusting the rice spacing [41]. 

 

The second priority risk is increased costs due to scarce fertilizer. The same was found by Suryani et .al [15], but 
in cassava farming. Flooding is a serious threat to rice in many places [42]. Fertilizers and flooding are related to 
nutrients and water in rice fields. Nutrient and water management are important steps in dealing with climate 
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change in rice farming [9]. Nutrients are about fertilizer availability while water is about irrigation, rivers, and 
storage ponds, and is closely related to the role of the government as a stakeholder. Based on supporting 
information in the field, the support of irrigation channels and sturdy embankments is essential for rice farming. 
Often, floods damage rice crops due to damage to embankments caused by high water discharge. Crop damage 
due to flooding is followed up by farmers by replanting [13]. While prevention can be through the use of varieties 
with a high level of tolerance to flooding [42]. 

 
Our research area is one of the rice producing areas and plays an important role in supporting food supply to 
Medan City and its surroundings. It is important to improve the capacity of the agricultural sector in the region 

to respond to weather shocks and design strategies to mitigate the adverse impacts of climate change [38]. 
Interventions should not only focus on agronomic aspects, but also be integrated with economic aspects [13] and 
of course a joint commitment is needed in facing all threats that hit food and energy [44,58]. 

 
The risk analysis in this study is expected to have an impact on structured risk management policies in developing 
better rice farming in the study area. The integration of each party is needed in managing risks as we have 
analyzed. The first action is that agronomic researchers, agricultural extension officers and rice farmers can 
discuss varieties that have resistance to strong winds and jointly organize a planting schedule that matches the 
weather forecast in the local area [45]. As for fertilizer scarcity and flooding issues, the government's participatory 
approach is a key factor. Climate change adaptation should not only discuss what the impact is, but each party 
works together to analyze when the case or change occurs in the future46. Priority setting to deal with uncertainty 
should be iterative and not limited to one-time setting [48-57]. 

 
This research has been conducted using the well-known FMEA method to analyze risks in various sectors. We 
have also tried to reduce the limitations of this method through hybrid FMEA with AHP so that the analysis results 
obtained are more accurate. [54,50] As a result, this research has successfully obtained a new ranking of priority 
risks as described. 

 

Conclusions 

Through the hybrid FMEA and AHP, this study concludes that the priority risks in this study are in order starting 
from the risk due to strong winds that knock down rice plants in the generative period, then the scarcity of 
fertilizers that occur in the vegetative phase of rice plants, then the problem of flooding whose management 
efforts are closely related to government support through a good irrigation system. This research has found risk 
priorities, but this risk prioritization should not only be done once and in Hamparan Perak regency only, but 
repeatedly to obtain a more updated strategy formulation and developed in other areas. 
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Appendix 1 

Link of the news about strong winds disrupting rice crops in Deli Serdang Regency 
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Source 1: https://tanamanpangan.pertanian.go.id/detil-konten/berita/360 

Source 2: https://medanheadlines.com/2020/08/14/dilanda-angin-kencang-ribuan-hektar-padi-di-deli-serdang-
rusak/ 
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