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Extended Abstract

Introduction

The rapid advancement of technology has revolutionized data analysis, enabling researchers to tackle
complex problems across various fields. In agriculture, the adoption of modern irrigation systems has
become a critical factor in enhancing water use efficiency and ensuring sustainable farming practices.
However, the uneven distribution of these systems across different regions poses challenges for
policymakers and agricultural planners. Understanding the spatial and temporal dynamics of modern
irrigation systems is essential for effective resource allocation and strategic decision-making.

This study focuses on developing spatiotemporal maps to visualize the expansion of modern irrigation
systems in Iran’s provinces from 2009 to 2022. By leveraging the t-map library in R-Studio, the study aims
to provide a dynamic representation of the progress made in adopting advanced irrigation technologies.
Additionally, the study clusters Iran’s provinces based on three key criteria: the percentage of completion
of modern irrigation systems, the development of irrigation and drainage networks, and the coverage of
traditional canals and waterways. This clustering approach offers valuable insights for policymakers,
enabling them to design targeted strategies for regions with similar characteristics.

The integration of spatiotemporal analysis and clustering techniques provides a comprehensive framework
for understanding the current state of modern irrigation systems in Iran. By identifying trends and patterns,
this study contributes to the broader goal of improving agricultural water management and ensuring the
sustainability of water resources in the face of growing demand and climate change challenges.

Materials and Methods

The study utilized two primary datasets: spatially referenced data on the development of modern irrigation
systems in Iran’s provinces from 2009 to 2022 and geographical map data delineating the boundaries of
these provinces. The spatially referenced data were obtained from the Agricultural Jihad Ministry’s
Statistics Center and organized into an Excel file. The cumulative area equipped with modern irrigation
systems in each province was calculated, and the percentage of completion was derived by dividing this
area by the total irrigated agricultural land in the province. The final dataset, consisting of 434 rows and 23
columns, was saved in CSV format for analysis in R-Studio.

The spatiotemporal maps were developed using the t-map library in R-Studio. The process involved
integrating the Excel data with the geographical map data and applying the t-map functions to create
dynamic visualizations. The study also employed clustering techniques, including K-means, K-medians,
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and hierarchical clustering, to group provinces based on the three criteria mentioned above. Before
clustering, the data were normalized to ensure consistency. The clustering process was facilitated by the
factoextra library in R-Studio, which provides tools for standardizing data and visualizing clustering results.

Results and Discussion

By 2022, 2,469,835 hectares (41%) of Iran’s 6,014,211 hectares of irrigated agricultural land had been
equipped with modern irrigation systems. The development of irrigation and drainage networks and the
coverage of traditional canals and waterways stood at 15% and 0.5%, respectively. The spatiotemporal
maps revealed significant disparities in the adoption of modern irrigation systems across provinces. For
instance, provinces with extensive irrigated agricultural land, such as Khuzestan and Fars, showed lower
adoption rates (9% and 18%, respectively) compared to other regions.

The clustering results highlighted the high variability in the development of modern irrigation systems.
Provinces like Hormozgan and South Khorasan achieved nearly 100% completion, while others, such as
Gilan and Mazandaran, had close to 0%. The coefficients of variation for the development of irrigation and
drainage networks and the coverage of traditional canals were 128% and 124%, respectively, indicating
significant regional disparities.

The spatiotemporal maps provided a visual representation of the trends in modern irrigation system
adoption. They revealed that provinces with larger irrigated areas were slower to adopt these systems,
possibly due to the higher costs and logistical challenges associated with large-scale implementation.
However, the deployment of modern irrigation systems alone is insufficient to improve groundwater
conditions. Effective monitoring of water extraction through smart meters is essential to ensure the
sustainability of groundwater resources.

Conclusion

The ability to create dynamic spatiotemporal maps in R-Studio offers a powerful tool for visualizing large
datasets and identifying trends in the adoption of modern irrigation systems. This study demonstrated the
utility of such maps in analyzing the expansion of advanced irrigation technologies in Iran’s provinces from
2009 to 2022. The clustering of provinces based on key criteria provided valuable insights for policymakers,
enabling them to design targeted strategies for regions with similar characteristics.

In conclusion, the integration of spatiotemporal analysis and clustering techniques provides a
comprehensive framework for understanding the current state of modern irrigation systems in Iran. By
identifying trends and patterns, this study contributes to the broader goal of improving agricultural water
management and ensuring the sustainability of water resources. However, the successful implementation
of modern irrigation systems requires strict monitoring of water extraction to ensure the long-term
sustainability of groundwater resources.
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Abstract

The purpose of this research is to create a spatio-temporal map illustrating the expansion of modern
irrigation systems across Iran's provinces using the t-map package in R-Studio. The raw data used in this
research was obtained from the statistical tables provided by the statistics center of the Ministry of
Agricultural Jihad regarding the development of advanced irrigation systems in Iran from 2009 to 2022.
First, an Excel file was prepared using the raw data, ensuring its compatibility with the geographical
information of Iran's provinces. This data was then integrated with geographic information in R-Studio
software, and spatio-temporal maps were generated using the functions of the t-map package. For
clustering analysis, functions from the factoextra package were used. This package allows for data
standardization before clustering using various methods. Moreover, in this research, Iran's provinces were
clustered according to three criteria: the percentage of completion of modern irrigation systems, the
percentage of development of irrigation and drainage networks, and the percentage of coverage of
traditional irrigation canals in 2022. The findings indicate that out of 6,014,211 hectares of irrigated
agricultural land, 2,469,835 hectares have been equipped with modern irrigation systems, reflecting an
average implementation rate of 41% nationwide. Furthermore, the development percentages of irrigation
and drainage networks and the coverage of traditional canals were found to be 15% and 0.5%, respectively.
The spatio-temporal map of modern irrigation system implementation revealed that provinces with the
most extensive irrigated agriculture exhibited lower adoption rates of these systems compared to others.
For example, Khuzestan and Fars, which cumulatively account for 31% of the country's irrigated lands,
have only progressed by 9% and 18%, respectively, in establishing new irrigation systems. It is important
to note that while advanced irrigation systems enhance irrigation efficiency at the farm level, their
significant effect on levels of groundwater table requires the presence of smart meters for agricultural wells
that supply these systems.
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Fig 1. Presentation of a part of the data frame used for developing spatio-temporal maps
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Fig 2. Spatial maps of showing a) the area covered and b) the percentage of the implementation of modern irrigation
systems in Iran's provinces in 2022
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library(sf)

library(tmap)

setwd("'C:/Users/acer/Documents™) #Setting the address of the working directory#
getwd()

iran <- st_read("irn_admbnda_adm1_unhcr_20190514.shp")

centroid<-st_centroid(iran$geometry)
X_y<-st_coordinates(centroid)
iran2<-cbind(iran,centroid)

N<-c("Alb","Ard","Bush","Ch_Bakh","E_Azar","Far","Gil","Gol","Ham","Hor","[lam" " Isf","Ker",
"Ker_Shah","Khuz","Koh_Boy","Kur","Lor","Mark","Maz","N_Khor","Qaz","Qom","R_Khor","Sem",
"Sist_Bal","S_Khor","Teh","W_Azar","Yazd","Zanj")

iran3<-cbind(iran2,N)
newcolumnl<-read.csv("abl.csv")

library(dplyr)
modifyframe<-bind_rows(replicate(14, iran3, simplify = FALSE))
finalframel<-cbind(modifyframe,newcolumnl)

library(gifski)
abl<-tm_shape(finalframel)+tm_polygons(col="area_covered_hec" palette = "Blues")+
tm_facets(along = "year", free.coords = FALSE)+
tm_text("N", remove.overlap = FALSE)+
tm_compass(type = "8star", position = c("'right", "top"),size=5) +
tm_scale_bar(breaks = ¢(0, 100, 200), position = c("center", "bottom"),size= 2)

tmap_animation(abl, filename = "ab3.gif", delay = 120)

ab2<-tm_shape(finalframel)+tm_polygons(col="percentage",palette = "Blues")+
tm_facets(along = "year", free.coords = FALSE)+
tm_text("N", remove.overlap = FALSE)+
tm_compass(type = "8star", position = c("'right", "top"),size=5) +
tm_scale_bar(breaks = ¢(0, 100, 200), position = c("center", "bottom"),size= 2)

tmap_animation(ab2, filename = "ab4.gif", delay = 120)

getwd()

data <- read.csv("AB.csv", row.names = 1)
df<- scale(data)

head(df, n = 3)

library(factoextra)
fviz_nbclust(df, kmeans, method = "wss") +geom_vline(xintercept = 0,linetype = 2)
set.seed(123)

km.res <- kmeans(data, 7, nstart = 25)
print(km.res)

fviz_cluster(km.res, data = df,

ellipse.type = "euclid", # Concentration ellipse
star.plot = TRUE, # Add segments from centroids to items
repel = TRUE, # Avoid label overplotting (slow)

ggtheme = theme_minimal()

)

res.dist <- dist(df, method = "euclidean")

res.hc <- hclust(d = res.dist, method = "ward.D2")
fviz_dend(res.hc, cex = 0.5)

fviz_dend(res.hc, cex = 0.5, k =7,
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k_colors ="jco", type = "circular")

fviz_dend(res.hc, cex = 0.5, k =7, # Cut in seven groups
k_colors ="jco")

library (cluster)

fviz_nbclust(df, pam, method = "silhouette™)+
theme_classic()

pam.res <- pam(df, 7)
print(pam.res)

fviz_cluster(pam.res,
ellipse.type = "t", # Concentration ellipse
repel = TRUE, # Avoid label overplotting (slow)
ggtheme = theme_classic()

)

library(hopkins)

# Compute Hopkins statistic
set.seed(123)

hopkins(df)

fviz_dist(dist(df), show_labels = FALSE)
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