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> Household Dietary Diversity Score (HDDS)
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> Neural Network

¢ Artificial Neural Network (ANN)

7 Logistic Regression (LR)

8 Multy Layer Perceptron- Deep Neural Network (MLP-DNN)
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! Dietary Diversity Indicator
2 Food and Nutrition Technical Assistance
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! Poisson Regression
2 Discrete Nonnegative Integer-Valued Count Variable
3 Multi-layer perceptron (MLP)
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Figure (1) Multilayer Perceptron (MLP) model structure
Miglani and Kumar (2020) :awe
Source: Miglani and Kumar (2020)
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' Random Forest (RF)
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4 Out of Bag

5 Coefficient of Determination
¢ Scatter Index (SI)
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Table (2) Descriptive statistics of the economic variables

o oSl lre Gyl apeS Ain
Variable Mean Std.dv Minimum Maximum
B ot 8.6 183 3 12
HDDS
Sk g5,k wldes jlei 11 2 4 20
Number of sustainable farming operations
S5 50 0,Slae 37.44 12.24 1 70
Yield (ton/hec)
(LSe) oS 5 gl 5.42 6.50 0.4 40
Area (hec)
(b)) 0235 atan S b gl olseanie Hagasag0 20785480 1000000 90000000
Food expenditure per last week (Rials)
Source: Research findings Geios (sla axdl s ate

saSodg olyyeleS cloixl 5 908 slopaie 5l cam iy Ll (F) Jgam o
Sl oo, Ar dgam 0gd o abamdle .l sals 55155 obTliny Gl ol 50 e s
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G Olipdilingy o Jud gudy o p o a8 canl Lo Yo (YL ol ,6lis 5l ooy
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Ol 050 S lly (65,5LaS Sldes jlad a5 S0 j0 (F) Jgaz 4 az gl aiil o
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! The expected log count
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Table (3) Descriptive statistics of farmer’s personal and social characteristics

(+2)3) o (Sgl8

ol (,835) (sloly8
e + ) (9l -
- Relative frequency
Variable Classes Frequency (percentage)
]
Iliterate 27 18.24
skl
Elementary o 11.50
sl
Middle 33 22.29
S hass e 40 27.04
Education Diploma
wled (398
Associate Degree 5 10.13
il
Bachelor's degree 12 8.10
eild 358
Master 4 2.70
<30 22 14.87
OliyaliS” w03 31 <age <40 40 27.02
Age range of farmers 41 < age < 60 62 41.90
> 61 24 16.21
V=aly
ol > Cagaie Yes=1 67 45.28
Membership in a cooperative = 81 54.72
No=0 )
0 109 73.65
. e . e 1 19 12.84
o8 IS 0 gy G Syl
Extension class 2 12 8.11
> 2 8 5.40
Source: Research findings gaio slo axdl s ate

ol g3 Jono 3l ooliiunl b lgils (310l £935 jliinl 3 yigo Jolge cruuni (F) Jouir
Table (4) Determination of factors affecting HDDS using the Poisson model

BN Gopd 3 likiwl Bl s Caws
variable Coefficients Std.dv IRR
Sl 65,5l Slles olass 0.021 % 0.012 1.021
Number of sustainable farming operations
(b)) 455 aihe S (b (2136 olge iy o 0.026* 0.038 1.026
Food expenditure per last week (Rials)
(LSe) cuiS p; whaw 0.009%* 0.004 1.009
Area (hec)
Prob > chi2 0.000
Log-Likelihood -307.699
Pseudo R2 0.043

Source: Research findings (***, ** and * are significant at 1, 5 and 10 percent)
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Table (5) Statistical evaluation criteria of MLP and RF models

@, 925l MLP RF
Row Scenario RZ Sl RZ SI
1 [TA 0.48 0.20 0.31 0.21
2 TC 0.39 0.22 0.11 0.23
3 Mz 0.09 0.23 0.10 0.23
4 TA, TC 0.56 0.18 0.28 0.22
5 TA, MZ 0.32 0.21 0.27 0.22
6 TC, MZ 0.26 0.21 0.40 0.20
7 TA, TC, MZ 0.41 0.20 0.35 0.21
Source: Research findings iz sla 4zl : ae
15
® Obs ——NLP-4
L ] L ] L ]

0 10 20 Number 30 40 50

RF-6 ¢ MLP-4 s Juwo 3l ooliiw! b ouit (WO 9 (PO oualico HDDS &Mus! (V) S
Figure (2) Difference of observed and predicted HDDS using MLP-4 and RF-6 models

o9 6L®d&.§L1 P
Source: Research findings



AVoll (839Us” o Bl

6‘).: ol GA.:JUM...: 9 G:..\.w ol LngHDDS g_‘!)L}‘ L b}:).a Lng)‘é}o.» ‘(Y) J&u o

(TC, ity 592 )l g Yotz (g5 pp omae 4 02,581 13 (TA, TC) o )laz (52 5L
SeHDDS Silis olws (gladhaii ol o0 om0l [Siz pin,sSI o MZ)

6“%%’.)95” Slp e yalend S L5L¢z>HDDS }ajéﬁwla%.&j@m ol
O WS (olal Sz sl 4 Cod aVoiz e (oeas 40D o )58l
ablce YL o i 0 1) 5 a8 ol i § i odaline 5lsHDDS

15
® Obs ——MLP-1
. . .
. . e oo e o . .
10 - ° e e [ [ XX X ]
e . °
8 see o * L) (]
g . oo
.
5 L] .
o
0 T T T T
0 10 20 Number 30 40 50
15
® Obs —RF-7
10 -
%]
2
[}
5 [ [}
[
0 T T T T
0 10 20 Number 30 40 50

RF-7 g MLP-1 s Juwo 3l ooliiw! b ou (SR, § (P oualio HDDS GO (V) s
Figure (3) Difference of observed and predicted HDDS using MLP-1 and RF-7 models
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Source: Research findings
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Figure (4) Scatter plots of observed and predicted HDDS using MLP-4 and RF-6 models

Ogh leaidl iasse
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Figure (5) Scatter plots of observed and predicted HDDS using MLP-1 and RF-7 models
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Source: Research findings
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Extended Abstract

Introduction

The role of nutrition in health, increasing the efficiency and learning of
humans and its relation with economic development is undeniable. Therefore,
achieving food security is one of the most important goals of the political
system in every country. Food security exists when all people, at all times,
have physical and economic access to sufficient, safe and nutritious food that
meets their dietary needs and food preferences for an active and healthy life.
Agricultural sustainability is one of the most important factors affecting the
food security and diversity in rural households, because the first component
of food security is food production, which is directly related to the agricultural
system and depends on the production amounts. So, the aim of this research
is to calculate the household dietary diversity score (HDDS) of rural
households and identify the factors affecting it, emphasizing the role of
sustainable agricultural operations. Also, this research seeks to find the best
machine learning algorithm that can predict the food security of rural
households with the highest accuracy.

Material and methods

In this research, the household dietary diversity score (HDDS) has been used
to calculate the food security status of households. This index includes 12
food groups, and if the household has consumed any of the food groups in the
last 24 hours, a number of 1 is assigned to that group. To check the
sustainability of agriculture, 20 activities that are known as sustainable
agricultural operations in potato cultivation have been identified. In general,
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households can be divided into three groups according to the state of food
diversity. For (HDDS<4) the status of household dietary diversity of the
household is poor, for (HDDS 5-7) the average status and for (HDDS>8) the
appropriate status of food security is defined. Because the dependent variable
in this study is a count data, therefore, the Poisson model was used to
investigate the factors affecting the HDDS. Finally, when the factors affecting
food security of households were identified, machine learning algorithms
including multilayer perceptron neural network and random forest were used
to predict HDDS. The data were collected by completing 148 questionnaires
among the rural households of Bostan Abad County in Tabriz, Iran in the crop
year 2021-22.

Results and discussion

The findings reveal that the average dietary diversity score among households
in Bostan Abad County stands at 8.6, indicating a favorable food security
situation for local farmers. Additionally, the potato producers in this region
engage in an average of 11 sustainable agriculture practices within their
fields. According to the incident rate ratio (IRR) calculated using the Poisson
model, each increase in the number of sustainable agriculture operations
corresponds to a 1.021-fold increase in the household dietary diversity score.
This relationship highlights that sustainable agriculture enhances farmers'
income and purchasing power, thereby increasing the variety and quantity of
goods they can purchase. For instance, given the high rates of water
evaporation in Iran, conducting irrigation at night can boost water use
efficiency, enabling farmers to produce more crops per unit area by reducing
evaporation losses. Furthermore, utilizing improved seeds and resistant
varieties can decrease input consumption and production costs by enhancing
resilience to environmental stresses, ultimately leading to higher yields.
Moreover, an increase in food expenditures by farmers during the past week
correlates with a 1.026-fold increase in the IRR of household dietary diversity
scores, suggesting that greater food spending enhances the variety of food
purchased by agricultural households. Lastly, the findings indicate that each
additional hectare of potato cultivation results in a 1.009-fold increase in the
IRR of household dietary diversity scores, as increased production leads to
higher incomes, allowing farmers to acquire more food.

In terms of machine learning models, the coefficient of determination and
dispersion index indicate that the multilayer perceptron neural network
(ANN-MLP) algorithm demonstrates superior explanatory power compared



to the random forest algorithm. The fourth scenario combination in the ANN-
MLP model, which includes the number of sustainable agricultural operations
and weekly food expenditures, shows a determination coefficient of 0.56 and
a dispersion index of 0.18, making it the optimal scenario for predicting the
household dietary diversity score among rural households in Bostan Abad
County.

Suggestions

To enhance the implementation of sustainable agriculture practices and
improve food security among farmers, it is recommended to organize targeted
educational and promotional training sessions. These programs should focus
on increasing farmer awareness of sustainable practices and showcase
successful examples from other regions. Addressing the barriers to
participation, such as timing and content relevance of training sessions, as
well as offering financial incentives for attendance, can further encourage
engagement. Additionally, tailoring content to the specific challenges faced
by farmers in Bostan Abad will increase the effectiveness of these educational
initiatives. By fostering a supportive environment for learning, farmers will
be more likely to adopt sustainable practices, ultimately benefiting their
income and dietary diversity.
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