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PE DU BAO LUO'NG MUA CUA TiNH NAM PINH TRONG NAM 2024

APPLYING SARIMA MODEL AND PYTHON PROGRAMMING LANGUAGE
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Lwong mwa déng vai trd rat quan trong ddi véi ddi séng sén xuét sinh hoat ctia con ngu i,
d&c biét véi moét tinh thién vé san xuét néng ngw nghiép nhw tinh Nam Dinh. Nghién ctru tap
trung vao viéc van dung méd hinh dw bao chudi thoi gian SARIMA (dang mé rdng clia md
hinh ARIMA) vao du béo lwgng mwa cho ndm 2024 & tinh Nam Binh. Bdng th&i st dung
ngdn ngl 1ap trinh Python hé tro trong qua trinh tinh toan ctia dy bao dé thu dwoc mot mo
hinh t6t nhat, hiéu qua nhét.

Chudi thoi gian, mé hinh SARIMA, Ngén ngir 1ap trinh Python.

Rainfall plays a critical role in the life, livelihoods and production of people, especially in a
province focused on agriculture and fisheries like Nam Dinh. The study focuses on applying
the SARIMA time series forecasting model to predict rainfall for the year 2024 in Nam Dinh
province. Additionally, Python programming language will be utilized to assist in the
computational aspects of forecasting, aiming to develop the most effective and efficient

forecasting model.
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1. MO PAU

Luong mua dong vai tro quan trong trong hé
sinh thai va cudc sdng hang ngay cua con
nguoi. N6 cung cap nudc cho cdy co, hd trg
su phét trién cua dong vat va thuc vat, dong
thoi cung cap nguén nudc cho cac hé thong
cung cap nudce va nang luong thuy dién. Dac
biét lwong mua c6 anh huéng rat 16n dén san
Xuit néng 1am ngu nghiép. N6 quyét dinh su
phét trién caa cdy trong va thi nudi, tac dong
I6n dén moi trudng séng cua céac loai thay hai
san... Vi vay, biét dugc luong mua, ngudi dan
va chinh quyén dia phuong s& c6 bién phap ti
wu héa vai trd ciia nude mua va han ché duoc
nhitng tac dong tiéu cyuc cua no toi san xuat va
doi séng cua nguoi dan. Do d6 viéc dy doan

Time series, SARIMA model, Python programming language.

luong mua theo céc thang cé vai tro vo cung
quan trong. Dac biét ddi vai Nam Binh 1a mot
tinh thién vé san xuit ndng nghié¢p va ngu
nghiép nén viéc du doan dugc luong mua cod
tac dong rat 16n dén viéc thic day phét trién
kinh t& 6n dinh san xuat cho nguoi dan.
Nghién ctu nay tap trung vao viéc du béo
lugng mua cua tinh Nam Dinh cho céc thang
clia cac nam 2024 dua vao s6 liéu lugng mua
cua tinh Nam Binh trong céc thang tur thang 1
nim 2018 dén thang 12 nam 2023, s liéu
dugc lay tir Trung tam Khi twong thay van cua
tinh Nam Binh cung cip.

Hién nay, c6 rat nhiéu mé hinh khac nhau dé
du béo, mdi phuong phap déu c¢6 wu nhuoc
diém riéng. Trong bai béo nay, tac gia lua
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chon md hinh phan tich chudi thoi gian 2020 7 92,3
SARIMA (dang m¢ rong cua moé hinh 2020 8 408,2
ARIMA) d du doan luong mua cua tinh Nam 2020 9 247.6
binh cho céc thadng cta nam 2024. M6 hinh 2020 10 404,2
nay duoc lua chon vi kha ning diéu chinh xu 2020 11 72.2
thé cuc bo trong dit liéu, dir liéu & giai doan 2020 12 8,1
truéc ¢ thé dung dé du doan cho tuong lai. 2021 1 0,5
Tac gia cting st dung ngbn ngir lap trinh 2021 2 39,3
Python dé kiém tra cac budc trong md hinh dy 2021 3 271
bao cua minh. 2021 4 148.8
Bang 1. Lwong mwa tir thang 1/2018 2021 3 195,9
dén thang 12/2023 ctia tinh Nam Dinh 2021 6 223.8
Year Month Luong mua (mm) 2021 ! 355,7
2018 1 14.1 2021 8 1482
2018 2 10,7 2021 9 7132
2018 3 40,9 2021 10 3244
2018 4 102 2021 11 47.4
2018 5 146,9 2021 12 3
2018 6 86,6 2022 1 88,1
2018 7 510,9 2022 2 101,1
2018 8 375.3 2022 3 62,7
2018 9 189,7 2022 4 102,2
2018 10 2259 2022 5 172,2
2018 11 6 2022 6 136,2
2018 12 91.1 2022 7 329
2019 1 16,9 2022 8 515
2019 2 17,5 2022 9 653
2019 3 38,6 2022 10 285,2
2019 4 98,7 2022 11 87
2019 5 159.9 2022 12 10,7
2019 6 101,3 2023 1 42,0
2019 7 73,5 2023 2 26,9
2019 8 421,2 2023 3 28.2
2019 9 142.8 2023 4 80.7
2019 10 150,8 2023 5 97,9
2019 11 42,6 2023 6 255.,6
2019 12 1,2 2023 7 71,5
2020 1 142
2020 ) 231 2023 8 261,3
2020 3 86,5 2023 9 602,3
2020 4 45,2 2023 10 59
2020 5 68,4 2023 11 16,4
2020 6 43,7 2023 12 22,7
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2. MO HINH VA PHUONG PHAP NGHIEN
cuu

2.1. M6 hinh nghién ctru

M& hinh SARIMA la dang mé rong cia mo
hinh ARIMA. M6 hinh ARIMA lan dau tién
dugc dua ra boi Box - Jenkins, n6 duoc hinh
thanh boi sy két hop ba thanh phan chinh:
AR (Augmented Reality - tu héi quy);
| (Intergrated - tinh ding cua chudi thoi gian);
MA (Moving Average - trung binh truot). Qué
trinh ty hoi quy AR: M6 hinh tu twong quan
bac p (viét tat 1a AR(p)) c¢6 dang nhu sau:

Yt:c+¢1Yt_1+¢2Yt_2+...+¢th_p+gt. Q)

trong d6 Y la quan sat dung hién tai, Yia;
Yt2; ... la cac quan sat ding trong qua kha, ¢
la hang sé gitp diéu chinh muac do trung binh
cua chudi dit lieu, ¢;¢,;.... 1a cac tham s
hoi quy biéu thi mirc do anh huong cua céc
gid tri quan sat trudc d6 1én gia tri hién
tai; £, 1a nhiéu tring (thanh phan ngau nhién).
Gia tri cua p dugc xac dinh théng qua biéu d6
ACF va PACF. Néu chudi c6 dang AR(p) thi
biéu dd6 ACF s& ¢ cac hé sb tu twong quan
giam dan va giam dot ngot sau gid tri p trong
khi d6 cac gia tri PACF chi giam dan va tro
nén khong dang ké sau gia tri p. Diéu kién dé
qua trinh AR(p) c6 tinh ding la -1<¢ <1
vai moi i =1; 2; ...; p tic la nghiém cua (1)
nam trong vong tron don vi.

Qua trinh trung binh trugt MA: M6 hinh trung
binh truot bac g, viét tat 1a MA(q) 1a qua trinh
c6 dang:

Y, =Ct+e +0g,+06 ,+..+0,6 (2)

trong d6 Yi la quan sat hién tai, ¢ _ ;¢ _,;...1a

cac nhidu trong qua khtr, ¢ 1a hiang s6 gilp
diéu chinh mirc do trung binh cua chudi di
lieu, ;6,;... 12 hé sé trong sb cua qua trinh
trung binh truot biéu thi mic do anh hudng

ctia cac gid tri nhiéu trong qua khir 1én gia tri
hién tai, & 1a nhiéu tring (thanh phan ngau
nhién).

Qua trinh trung binh truot va tu hoi quy
ARMA: Khi két hop ca hai yéu t6 AR va MA
ta dugc qua trinh trung binh truot va tu hoi
quy ARMA(p;q). Qua trinh nay c6 dang:
Y. =C+gY,  +aY ,+ ...+¢th7p +0.6, + 3)

+0e& +0,6 ,+...+ qutfq.

Qua trinh trung binh truot, tich hop va tu
hoi quy ARIMA: Chudi duoc goi la tich
hop bac d, ki hiéu 1a 1(d) néu sai phan bac d
la chudi dirng. Khi d = 0 thi chudi xuét phét 1a
chudi ding. Ap dung m6 hinh ARMA(p;q)
cho chudi Y, tich hop bac d ta duoc md
hinh ARIMA(p;d;q) va n6 c6 dang biéu dién
nhu sau:

Yt = C+¢1Yt_l+¢2Yt_2 +...+¢5th_p +

+0e, +0,6 ,+..+ qutfq +é&,.

(4)

Qu4 trinh trung binh truot, tich hop, tu hoi
quy va cé yéu t6 mua vu SARIMA: Ta viét
lai phuong trinh (4) dudi dang toan tor tré
nhu sau:

A-gL—g L2~ g L)Y, =

G+ L+ OL+0,L° +..+6,L%)s,.

= ¢,(LY, =4, +0,(L)e,. (5)
Bay gio ta s€ mo rong (5) trong treong hop co
yéu t6 mua vu. Néu chi cé Y, c6 yéu to mua
vu thi phuong trinh (5) c6 dang:

4,(L).1- L)Y, = ¢, +6,(L)e,. (6)
trong d6 (1-L°)Y, tao ra chudi da hiéu chinh
yéu t6 mua vu déi véi Y,. Néu chico &, co
tinh mua vy thi phuong trinh (5) ¢6 dang:

8, (L)Y, = ¢, +6,(L).(L- L)s,. @)
trong d6 (1-L%)¢, tao ra chudi da hiéu chinh
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yéu t6 mla vu doi véi . Néuca Y, va ¢,
cling ¢6 yéu té mua vy thi phuong trinh (5) ¢6
dang:

¢,(L).A- L)Y, = ¢, + g,(L).A- L%)e,. (8)

Mo hinh trong truong hop nay ki hiéu la
SARIMA(p;d;q)(P;D;Q)s, trong d6 P va Q 1an
luot 1a bac cua thanh phan mia AR va MA; D
la bac cua sai phan co tinh mua; s 1a sb thoi
doan trong mét chu ky. Chu ky mua vu s = 12
hoic 4 néu chudi thoi gian quan sét theo thang
hodc quy. M6 hinh SARIMA da thé hién sy
vuot troi caa minh vé do chinh xéc trong viéc
du doan do tré tiép theo caia chudi thoi gian c6
yéu t6 mua vu.

2.2. Phwong phap nghién ciru

Pé xay dung ham du bao, nghién ctu st dung
s6 lidu 1a lwong mua cia tinh Nam Dinh trong
cac thang tir thang 1 ndm 2018 dén thang 12
nam 2023 (bang 1). Nghién cau xay dung két
qua dy bao thong qua cac budc sau:

Buroc 1: Nhén dang mo hinh: Xac dinh cac gia
tri d; D; p; P; q; Q trong dé trudc hét can xac
dinh bac sai phan thuong d va bac sai phan
theo mua vu D va bién ddi chudi thanh chudi
dimg. Sau d6 kiém tra biéu d6 cua ham tu
tuong quan ACF va ham tu tuong quan riéng
phan PACF tai céc tré thuong va tré mla vy;
thuc hién kiém dinh nghiém don vi dé xac
dinh bac tu hdi quy p va bac ty hdi quy mua
vu P; bac trung binh truot q va trung binh
truot mua vu Q.

Budc 2: Udc lwong mé hinh: Ubc luong cac
tham sé caa md hinh.

Buéc 3: Kiém dinh: Kiém dinh tinh hop ly
cia md hinh SARIMA duoc lva chon. Néu
kiém dinh mé hinh dwoc chon khéng thoa
man thi quay lai budc 1.

Buwoc 4: Dy bao: Dua trén mo hinh da lya

chon tién hanh dy béo cho gia tri tuong lai
ctia chudi mua vu.

Trong nghién cau nay, tac gia st dung su hd
trg cta ngbn ngt 1ap trinh Python trong céac
budc du doan.

3. KET QUA VA THAO LUAN

Nghién ctru da 14y s6 liéu 13 luong mua cua
tinh Nam Dinh trong cac thang tu thang 1
nam 2018 dén thang 12 nam 2023.

O buwéc 1: Trusc hét can kiém tra tinh
mua vu cta chudi dit lieu. Néu chudi dit liéu
cé tinh mua vu thi s& dung thuat toan
SARIMA(p;d;q)(P;D;Q)s ; con néu chudi
khéng c6 tinh mua vu thi lya chon mé hinh
ARIMA(p;d;q). Bang ngdbn ngir lap trinh
Python, tac gia kiém tra tinh mua vu caa chudi
dir liéu bang kiém dinh ADF nhu sau:

import pandas as pd

from statsmodels.tsa.stattools import adfuller
# Doc dir liéu tu file Excel

df =
pd.read_excel("C:¥¥Users¥¥Administrator¥¥
Desktop¥¥luongmua_ND.xIs")

# Kiém dinh ADF kiém tra tinh mua vu
result = adfuller(df['Luong mua (mm)'])
# Trich xuat va in két qua

print('ADF Statistic:', result[0])
print('p-value:', result[1])

print('Critical Values:")

for key, value in result[4].items():
print(¥t%s: %.3f' % (key, value))

Két qua thu dugc nhu sau: ADF Statistic:
-1.1475629942579546;p-value:
0.69573668469;  Critical
-3.5443688564; 5%:
10%: -2.59319027777.

Values: 1%:
-2.91107314814;
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Véi két qua nay thi di liéu lvong mua tai tinh
Nam Dinh c6 yéu t6 mla vu nén tac gia sé
ding mé hinh SARIMA(p;d:q)(P;D;Q)s. Dé
xéc dinh bac sai phan d, trudc hét can kiém tra
tinh dirng caa chudi dit liéu.

import pandas as pd

from statsmodels.tsa.stattools import adfuller

# Doc dir liéu tu file Excel

df =
pd.read_excel("C:¥¥Users¥¥Administrator¥¥
Desktop¥¥luongmua_ND.xIs")

# Chon cot chira dir liéu luong mua
rainfall_data = df['Luong mua (mm)']

# Kiém tra tinh duirng caa chudi di liéu

result = adfuller(rainfall_data)

# Trich xuat két qua va in ra man hinh
print('ADF Statistic:', result[0])
print(‘p-value:', result[1])

print(‘Critical Values:")

for key, value in result[4].items():

print(*¥t%s: %.3f' % (key, value))

Ké qua thu dugc: ADF  Statistic:
-1.243058763379;p-value:  0.65480423421;
Critical Values: 1%: -3.575; 5%: -2.924; 10%:
-2.600. Chudi dir liéu khong phai la chudi
dirng v6i mirc ¥ nghia 0,05. LAy sai phan bac
1 va kiém tra tinh dung caa chudi sau khi lay
sai phan bac 1.

import pandas as pd

from statsmodels.tsa.stattools import adfuller
df =
pd.read_excel("C:¥¥Users¥¥Administrator¥¥
Desktop¥¥luongmua_ND.xIs")

# LAy sai phan bac 1 cua chudi dir liéu 'Luong
mua (mm)'

df_diff = df['Luong mua
(mm)'].diff().dropna()

# Tao DataFrame tir chudi dir liéu sau khi lay
sai phén

df_diff_df = pd.DataFrame(df_diff,
columns=['Luong mua (mm)'])

# Luu chudi sau khi lay sai phan vao file
Excel

df_diff_df.to_excel("C:¥¥Users¥¥Administrat
or¥¥Desktop¥¥luongmua_diff.xIs",
index=False)

# Kiém dinh ADF cho chudi sau khi ldy sai
phan bac 1

result = adfuller(df_diff)

# Trich xuat va in két qua kiém dinh ADF
print('ADF Statistic:', result[0])
print(‘p-value:', result[1])

print('Critical Values:")

for key, value in result[4].items():

print(¥t%s: %.3f' % (key, value))

Két qua thu duoc: ADF  Statistic:
-7.17913833884; p-value:
2.678231170564385e-10; Critical  Values:

1%: -3.575; 5%: -2.924; 10%: -2.600. Nén
chudi sau khi lay sai phan Ia ding. Do d6
d=1.

O buée 2 va busc 3: V& biéu d6 ACF va
PACF dé xac dinh khoang gia tri cua p va q.
import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from statsmodels.tsa.stattools import acf, pacf

from  statsmodels.graphics.tsaplots  import
plot_acf, plot_pacf

df =
pd.read_excel("C:¥¥Users¥¥Administrator¥¥
Desktop¥¥luongmua_diff.xIs")

# Xac dinh lai cot 'Month' 1 s6 nguyén (int)
néu can thiét

df['Month'] = df['Month'].astype(int)
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# St dung dir liéu trong cot 'Luong mua (mm)'
cho tinh toan ACF va PACF

luong_mua = df['Luong mua (mm)']

# Tao dd thi ACF va PACF cua chudi lugng
mua

fig, ax = plt.subplots(2, 1, figsize=(10, 8))

plot_acf(luong_mua, lags=15, ax=ax[0]) #
D6 thi ACF

plot_pacf(luong_mua, lags=15, ax=ax[1l]) #
D6 thi PACF

plt.show()

Két qua thu duoc:

Autocorrelation
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Hinh 1. Biéu dé ACF va PACF

Dua vao biéu do, ta lwa chon bac p va q nho
hon hodc bang 5. Chudi mua vu s =12, bac sai
phan 1a d = 1. St dung chién luoc stepwise
(Chién lugc nay gom nhiéu budc, mdi budc
tim cach thém hoic bst di mot bién giai thich
nham tao ra moét mo hinh méi sao cho sai sd
giam so voi md hinh géc va thu duoc md hinh
t6t nhat). Sir dung ngén ngir 1ap trinh Python
cho chién lugc stepwise nhu sau dé xac dinh
mot s6 mo hinh phu hop:

import pandas as pd

df =
pd.read_excel("C:¥¥Users¥¥Administrator¥¥
Desktop¥¥luongmua_ND.xIs")

# Chon cot 'luong mua (mm)' lam chudi dix
liéu thoi gian

mua_seri = df['Luong mua (mm)]

import pmdarima as pm

# Str dung chién lugc stepwise dé tu dong tim
kiém mo hinh SARIMA tét nhat

model = pm.auto_arima(mua_seri, start_p=0,
start_g=0,

max_p=5, max_q=5, m=12, # Thur cac gia tri
p, qtir1déns

start_P=0, seasonal=True,
d=1, D=1, trace=True,

error_action="ignore', # Bo qua cac 15i néu
cd suppress_warnings=True, # Tat canh bao
stepwise=True) # Sur dung chién lugc
stepwise

# Hién thi thdng tin vé md hinh tét nhat
print(model.summary())

Két qua thu duoc mot s dang md hinh
SARIMA nhu sau: ARIMA(0,1,0)(0,1,1);
ARIMA(0,1,0)(0,1,0)12;
ARIMA(1,1,0)(1,1,0)12;
ARIMA(0,1,1)(0,1,1)12;
ARIMA(0,1,1)(0,1,0)12;
ARIMA(0,1,1)(1,1,1)12;
ARIMA(0,1,1)(0,1,2)12;
ARIMA(0,1,1)(1,1,0)12;
ARIMA(0,1,1)(1,1,2)12;
ARIMA(1,1,1)(0,1,1)12;
ARIMA(0,1,2)(0,1,1)12;
ARIMA(1,1,0)(0,1,1)12;
ARIMA(1,1,2)(0,1,1)1,.

Thir nghiém va so sanh cac md hinh trén,
lea chon mo6 hinh tét nhat I
SARIMA(0,1,0)(0,1,0)12. M6 hinh cho két
qua kha t6t khi cac hé s hdi quy déu co y
nghia thong ké. Pong thoi cac chi s6 RMSE
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(bién d6 giao dong cua gia tri du bao xung
quanh gia tri thuc té) va MAE (trung binh sai
s6 gitta gia tri thuc t& va gia tri du bao) déu
tuong ddi thip (déu bang 12.00). Thém nira
viéc truc quan biéu d6 so sanh luong mua
thuc té va luong mua du bo cang khang dinh
tinh ti wu caa md hinh.

2618 20‘19 2020 2021 2022 2023 2024 2025
Hinh 2. Biéu dd lwong mwa thwc té va dw doan

Theo két qua & hinh 3 thi c&c gia tri du bao va
gia tri thyuc té chénh léch nhau khé it.

O buéc 4 St dung md hinh
SARIMA(0,1,0)(0,1,0);, dé du bao lugng
mua cua tinh Nam Pinh cho nam 2024.

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from statsmodels.tsa.statespace.sarimax
import SARIMAX

# Doc dir liéu tu file Excel

cols =['YEAR', 'MONTH', 'Luong mua
(mm)1]

df =
pd.read_excel("C:¥¥Users¥¥Administrator¥¥

Desktop¥¥luongmua_ND.xIs",names =
cols,header=1)

#Két hop cot Year va Month thanh cot Date
lam index

df['Date’] = pd.to_datetime(df[['YEAR',
'MONTH1].assign(day=1))

df.set_index('Date’, inplace=True)

# Lay chudi dit liéu 'luong mua (mm)'
mua_seri = df['Luong mua (mm)']

# Huan luyén md hinh
SARIMA(0,101)(0,1,0) 12

model = SARIMAX(mua_seri, order=(0, 1, 0),
seasonal_order=(0, 1, 0, 12))

results = model.fit()
print(results.summary())

# Du bao lugng mua cho nam 2023 va 2024

forecast_start = pd.to_datetime('2023-01-01")
forecast_end = pd.to_datetime('2024-12-01")
forecast =
results.get_forecast(steps=len(mua_seri) +
(forecast_end - forecast_start).days // 30)

# Lay két qua du béao

forecast_values = forecast.predicted_mean
forecast_index =
pd.date_range(start=forecast_start,
end=forecast_end, freq="MS’)

# Hién thi két qua du béo
plt.figure(figsize=(10, 6))
plt.plot(mua_seri.index, mua_seri,
label="Actual’)

plt.plot(forecast_index,
forecast_values[:len(forecast_index)], 7
label="Forecast’) # Dam b'c:’LO $0 lugng diem
dir liéu dy b&o khop véi so luong thoi diém
trong forecast_index

plt.title('SARIMA Forecast for Precipitation’)
plt.xlabel('Date’)

plt.ylabel('Precipitation (mm)’)

plt.legend()

plt.show()

# In két qua du béo

print("Forecasted Precipitation for 2023 and
2024:")

print(pd.DataFrame({'Date":
'Forecast'”

forecast_index,

TAP CHi KHOA HOC & CONG NGHE . SO 44 - 2024

119



DIEN DAN KHOA HOC

forecast_values[:len(forecast_index)]}).set_in
dex('Date"))

Két qua du bao luong mua cho nim 2024 nhu
sau:

2024-01-01  66.0
2024-02-01  50.9
2024-03-01  52.2
2024-04-01 1047

2024-05-01  121.9
2024-06-01  279.6
2024-07-01 955

2024-08-01 2853

2024-09-01 626.3
2024-10-01  29.9
2024-11-01 404
2024-12-01  46.7

Hinh 3. Két qua lwong mwa dw bao nam 2024

Véi két qua du bao nay, trong nim 2024 thang
¢6 lwong mua twong dbi 16n 1 thang 6, thang
8 va thang 9 (dac biét thang 9). Nguoi dan va
chinh quyén can chi trong khoi thong dong
chay, tich trir nuéc cho san xuat va sinh hoat
dé phuc vu cho cac thang c6 lugng mua it hon
la thang 10, 11, 12.

4. KET LUAN

* Nhu vay, bai bdo di dung ngdén ngir lap
trinh Python trong cac budc du bao va chi ra
mo6 hinh SARIMA(0,1,0)(0,1,0)1 la phu hop
nhét cho viéc du bao lwong mua cua tinh Nam
Dinh nam 2024.

= Két qua du bao c6 thé lam sé liéu tham
khao phuc vu cho viéc du bao ¢ céc trung tam
khi tuong thuy van tinh Nam Dinh cling nhu
dé dinh hudng quy hoach san suat cia ngudi
dan Nam Pinh nam 2024.

= Két qua nghién cau c6 thé tng dung cho
mot s6 linh vuc du bdo khac twong tu nhu dy
bao nhiét do, do 4m, du bao kinh té...
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