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1 #1. 2472JUDA4YR—F (Import Libraries)
2 import numpy as np
3  import matplotlib.pyplot as plt
4
5 # 2. YTal—Y 3 BBDEER (Define Simulation Function)
6 def run new simulation(
7 # --- Basic Parameters ---
8 years=20, Y0=75e6, 00=35e6, D0=1200el2,
9 birth rate=0.01, death rate y=0.002, aging rate=0.02, death rate 0=0.04,
10 tau=0.3, r_debt=0.01,
11 # —--—- New Model Parameters ---
12 P_high=8e6, P_low=4e6, # Productivity by skill level
13 initial_ skill ratio=0.2, # Initial ratio of high-skilled workers
14 I y investment=0, # Investment per young person
15 max_Io_cut_rate=0.0, # Max annual cut rate for elderly support
16 effectiveness max=0.05, # Max skill improvement rate
17 effectiveness_factor_ c=5e-6 # Investment effectiveness coefficient
18 ) 8
19 e
20 New simulation function with a labor market model.
21 e
22 # —--— Initialization ---
23 Y, 0, debt = Y0, 00, DO
24 high skilled = Y0 * initial skill ratio
25 low_skilled = Y0 * (1 - initial skill ratio)
26 I o =1.5e6 # Initial elderly support per capita
27
28 history = {
29 'year': np.arange(2025, 2025 + years + 1),
30 'Y': []1, 'O': [], 'P_per capita': [], 'debt': [],
31 'high skilled ratio': [], 'T': [], 'G': []1, 'B': []
32 }
33
34 for t in range(years):
35 Y = high skilled + low_skilled
36 total pop = Y + O
37
38 # —--— Record current state ---
39 history['Y'].append(Y)
40 history['O'].append(O)
41 history[ 'debt'].append(debt)
42 history[ 'high skilled ratio'].append(high skilled / Y if Y > 0 else 0)
43
44 # —-—- Economic Calculation ---
45 total gdp = high skilled * P_high + low_skilled * P_low
46 p_per capita = total gdp / total pop if total pop > 0 else 0
47 history[ 'P_per capita'].append(p_per capita)
48
49 T = tau * total gdp
50 G = I_y investment * Y + I o * O



B=T-2G

history['T'].append(T)
history['G'].append(G)
history['B'].append(B)

# --- Update for the next period ---
debt = debt * (1 + r_debt) - B

effectiveness = effectiveness max * (1 - np.exp(-effectiveness_ factor c *
I_y_investment))

newly skilled low_skilled * effectiveness
high skilled += newly skilled
low_skilled -= newly skilled

high skilled *= (1 - death_rate_y - aging rate) + birth rate
low_skilled *= (1 - death rate y - aging rate) + birth rate
O new = O * (1 - death rate o) + (Y * aging rate)

O = O _new

I o *= (1 - max Io_cut_rate)

# --- Record the final year's data ---

Y = high skilled + low_skilled

total pop = Y + O

total gdp = high skilled * P_high + low_skilled * P_low
p_per capita = total gdp / total pop if total pop > 0 else 0

history['Y'].append(Y)
history['O'].append(O)
history[ 'debt'].append(debt)
history[ 'high skilled ratio'].append(high skilled / Y if Y > 0 else 0)
history[ 'P_per capita'].append(p_per_ capita)
for key in ['T', 'G', 'B']:
history[key].append(np.nan)

return history

# 3. YFYUADEZE (Define Scenarios)
scenarios = {
"l. Status Quo (New Model)": {
"I y investment": 0, "max Io cut rate": 0.0,
"color": "gray", "linestyle": "--"
bo
"2. Moderate Investment (New Model)": {
"I y investment": 300 000, "max Io cut rate": 0.01,
"color": "orange", "linestyle": "-."
by
"3. Aggressive Investment (New Model)": {
"I y investment": 600 000, "max Io cut rate": 0.01,

noon

"color": "blue", "linestyle": "-



102
103
104
105
106
107

108
109
110
111
112
113
114

115
116
117
118
119
120

121
122
123
124
125
126
127
128
129
130

131
132
133
134
135
136
137
138
139
140

141
142
143
144
145
146
147
148

==

# 4. YITa2L—32VDOEIT (Run Simulation)
results = {}
for name, params in scenarios.items():
sim params = {k: v for k, v in params.items() if k not in ['color',
'linestyle']}

results[name] = run new_simulation(**sim params)
print("Simulation Complete.")

# 5. f&ERDY 7 7B (Plot Results)
fig, axes = plt.subplots(2, 2, figsize=(1l6, 12))
fig.suptitle("New Youth Support Policy Simulation (Labor Market Model)",

fontsize=20)

# Plot 1: National Debt
ax = axes[0, 0]
for name, res in results.items():

ax.plot(res['year'], np.array(res['debt']) / lel2,

label=name, color=scenarios[name]['color'], linestyle=scenarios[name]

['linestyle'], 1lw=2.5)
ax.set_title("National Debt", fontsize=16)
ax.set_ylabel("Debt (Trillion JPY)", fontsize=12)
ax.grid(True)
ax.legend()

# Plot 2: Per-Capita Productivity
ax = axes[0, 1]
for name, res in results.items():

ax.plot(res['year'], np.array(res['P_per capita']) / leé6,

label=name, color=scenarios[name]['color'], linestyle=scenarios[name]

['linestyle'], 1lw=2.5)
ax.set_title("Per-Capita Productivity (GDP)", fontsize=16)
ax.set_ylabel("Productivity (Million JPY)", fontsize=12)
ax.grid(True)
ax.legend()

# Plot 3: High-Skilled Worker Ratio
ax = axes[l, 0]
for name, res in results.items():

ax.plot(res[ 'year'], np.array(res['high skilled ratio']) * 100,

label=name, color=scenarios[name][ 'color'], linestyle=scenarios[name]

['linestyle'], 1lw=2.5)
ax.set_title("High-Skilled Worker Ratio in Youth Population", fontsize=16)
ax.set_ylabel("Ratio (%)", fontsize=12)
ax.set_xlabel("Year", fontsize=12)
ax.grid(True)

ax.legend()

# Plot 4: Annual Fiscal Balance

ax = axes[1l, 1]



149

for name, res in results.items():

linestyle=scenarios[name]

150 ax.plot(res['year'][:-1], np.array(res['B'])[:-1] / lel2,

151 label=name, color=scenarios[name][ 'color'],
['linestyle'], 1lw=2.5)

152 ax.axhline(0, color='black', 1lw=1, linestyle='--') # Zero line

153 ax.set_title("Annual Fiscal Balance", fontsize=16)

154 ax.set_ylabel("Balance (Trillion JPY)", fontsize=12)

155 ax.set xlabel("Year", fontsize=12)

156 ax.grid(True)

157 ax.legend()

158

159 # Adjust layout and display the plot

160 plt.tight_layout(rect=[0, 0, 1, 0.96])

161 plt.show()

5. &SR (Results)
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T T7ICRRENTWBIEEDOIRIE, TNZNUTOBERS F YA ICHIELTWET,

e u1.Status Quo (New Model) CGRIXHER)
o BLIGE KB, IR (--)

o Bl "EZENDEMRESL. SWMHERATXHORELD, —WiThRah >7B5E) ORKERLEK
Yo INlF. MOBKRDOMMRZFME T 2/ DEE (N—XF4(Y) £BBVFIATT,

n BEE—ALLDIREE: 0M
» SEREAE T H OHIRE: F£30%
¢ = 2. Moderate Investment (New Model) (2% E)
o BERE ALYIYE. —HRBEHIR(-.)

o Bk "BEICNULT. HEBEOREDOKREZTV. ARICHEHERITIHZEPHNCRELS
B1 OREZRLET, PREOBEN ED L SBERZEHLOSINZERIATZYF ) AT,

n HE-AYLDRER: 30HM/4F
= SEREAE T X HOHIRE: F£31%
o m 3. Aggressive Investment (New Model) (F&EEHIRIRE)
o BEIRE FE. KR (-)

o Bk "HEFICHULT RERESKREZBEICITV. ARCEHEDITXHZEPNMNCRELS
B DERFKZRLET, BESNTVBBERZRARICRBLUILZEIC. EOLSBELDEE DN
ZRBiHDTFTI)ATI,

n BE-AHLCOKREE 60H5M/F
= SERE T OBIRER: F£3R1%

&5 7 DEL (Meaning of Each Graph)

INSONFIZREFEZT. TNZTNDTZT7EUATOZ EZRLTVWET,

¢ National Debt (BAE{&ET):
EOEESESNEREDLSICERTINERLET,

e Per-Capita Productivity (GDP) (— A& 1= D &£ E):
ERE—AYLEODOBSANEDESICELT EHERLET,

 High-Skilled Worker Ratio in Youth Population (H5EB DS X)L 5 E1#E LLE):
BEROEHMNLBHRE LT, BEORICHDIZERAFIAMOEENE SET I ERLET, TNHR
BFRROBANRIRE N T,

e Annual Fiscal Balance (B FEREBINX):
EO—FBOIRA (BI) &XHOEBERLET, BHACOLD LEBNIEES. FlRBNEHRETT,

o AFIBEDEL: "BRIRE) ¥F VAT, BEFEBEOBAFILELRN20FHE T20%H 5#570%\ &K
BIcER U, RERE) THEHR60%XTLERUA, TRRHE) TRELRBRRShAL ST,
o £EMOAL: AFIIBEOUEICEHL, REV T YA TE—ABODEEENNBIBER U, FFIC
MEmRE, IRbEVWAEEEZERL TS,



o BMBADEE: WThOYFUALYPRETEMBEFTH e, ZOHBRBAEL ELG -, BB
®E F. BWKREIRXNCEDBEEEEFHAROEMIN. ERE U TEBHIRBR—ANREELHIC
Bofe, THBEKRE) E. REIAAMERRIVI—VDNTUVIANRL, BODAERPREF &R WNEHEE
TR ER U T2,

6. =% (Discussion)

AYIaL—y3 VIR 5185 NBBENREFUTOED T5 3,

1. BEEANDODANERIREDEDY: AR THEBELULLONZANRETILIEEVWTH, TEEADEBENZIFIL
BEEREL. BEEAERRESIES, WS HDHNBRRSRISHE SN, chid. COBMBIELREZEE
MERITIER <. BENRBADZZALICEITE S NIEBWRRBIRE TH D I EE2RERT B,

2. EEBBRNNL—RATOFERE: VI aLl—YaviE., "RENGEEMHORKE) & EHNGEBH
BR—RADE]mA DT UBMIZLABWT EZASMNC U, "BIBIRE) FESAOFRNBERSNZ
ROEOZIN. TDOIXMIEL > TEBHIBR—REHHIETE, COML—RFATZERVEREL. TRE
ADRE, & "TREOUBHRE ODEESZEDBEERTZ2ONCOVNT, HENBARBEFM TSI &
DARERTH %,

3. REMIEDEEY: "REKRE, YFUAR B2REOHRZ LFRLEDD. MBADA /NI ~NIRE
MTHoTc, MBImIRE) YFUADNRUIEELS I, BIREREKEZBICIE. FRFRFETIERWN, KET
TRBREDRENDE RS AREMEDN D B,

AAEIE. HLETHEEDREICEDW VI aL—ya vy ThHdN. BEREENEZEBINSEERHZE N
L—RATEARILTDEDTH D, SHIF. SINTAXA—YDEHEEILET—YICEDVWTHERILL. ETILDE
EEESISICEO TV ZENEEFND,



	若者への人的資本投資と財政持続性に関する動的シミュレーション研究
	アブストラクト (Abstract)
	1. 提案戦略：若者への人的資本投資による経済再生
	2. メソッド (Method)
	3. 数理モデル (Mathematical Model)
	経済の基本構造（生産）
	政策の効果
	人口・労働市場の動態
	財政

	4. Pythonコード (Python Code)
	5. 結果 (Results)

	グラフの凡例と各グラフの意味
	凡例の解説 (Explanation of the Legends)
	各グラフの意味 (Meaning of Each Graph)
	6. 考察 (Discussion)


