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Figure 1. Flores-Contrd, J. M., Henshaw, K., Loke, S. H., Arnold, S. and Constantinescu, C. (2021).
Subsidising Inclusive Insurance to Reduce Poverty. Preprint, University of Lausanne. arXiv:2103.172585.
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Figure 2. Impact of shocks on households' income and assets. Adapted from McCord (2005).



BRIDGE TO TOMORROW |
2023 INTERNATIONAL * | ; ! .
CONGRESS OF ACTUARIES g \

28 MAY - 1 JUNE 2023 - SYDNEY

Infroduction

ACtu'aﬁes .éi Inte tional Actuarial A: i
temations Actural Assadtion
Institute SERA] Kesociaton Actuareeintemationsie

In recent years, governments in developing countries have been
increasingly involved in the provision of insurance programmes.

- In China and Indiqg, the
agricultural insurance sector has
grown significantly thanks to the
support (and premium subsidies)
provided by central and

provincial governments (Mahul
and Stutley 2010).

Figure 3. India’s Pradhan Mantri
Fasal Bima Yojana (PMFBY) crop
insurance logo.
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Adequate coordination between governments and private insurance
companies has been shown to enhance the development of
sustainable, affordable and cost-effective insurance products.

4 %
-

AGRICULTURAL INSURANCE

Figure 4. Uganda’s Ugandan
Agricultural Insurance Scheme (UAIS)
insurance logo.

- The UAIS was launched as a five-
year pilot in 2016, however due to
its success and increasing uptake,
the project was extended until at
least 2024.

> Subsidies of 30%, 50% or 80% are
provided to farmers (Erena et al.
2019).

International Actuarial Association
lllllllllllllllllllllllllllllll



BRIDGE TO TOMORROW ||
2023 INTERNATIONAL ‘\ | "
CONGRESS OF ACTUARIES N | VoG

28 MAY - 1 JUNE 2023 -SYDNEY  ~~ & Y —JAWsSss— AR i

Infroduction

The most common form of government support for insurance are
premium subsidies. Subsidies must be designed with a clearly stated
purpose such that they:

> Target those in need and;

- %}I&r)ess market deficiencies or consumer equity concerns (Hill et al.

EXﬁerience shows that, when designed properly, subsidised insurance
schemes represent a powerful and cost-effective way 1o achieve public

policy objectives (Hazell et al. 2017).

- Conversely, poorly designed insurance premium subsidies can be
inefficient and lead to significant economic costs (Hazell et al. 2017).



BRIDGE TO TOMORROW : \
2023 INTERNATIONAL « &
CONGRESS OF ACTUARIES _ \ ) Actuaries iy
\ Institute  “RPYR] Kmi i enonse

28 MAY - 1 JUNE 2023 - SYDNEY

Infroduction

What is the role of inclusive insurance towards poverty alleviation?
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In this study, we assess the impact of insurance (both with and without
subsidies) on poverty dynamics and the governmental cost of social
protection.

We seek to determine the benefits derived from coordination and
partnerships between governments and private insurers, and to highlight
the cost-effectiveness of government support for insurance.

The study also derives optimal subsidies for households with varying
degrees of initial capital.

- The proposed subsidy optimisation aligns with the idea of “smart”
subsidies, which provide maximum social benefits while minimising
d'f“f”é%?i)'n the insurance market and the mis-targeting of clients (Hill
et al. :
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Previous studies analyse the impact of insurance from both an empirical
and dynamic stochastic programming perspective (lkegami et al. 2016,
Chantarat et al. 2017, Jensen et al. 201/, Carter and Janzen 2018,
Janzen et al. 2021).

Our study infroduces a more formal and rigorous mathematical
framework that analytically proves the benefits of partnerships between
governments and private insurers.

The study contemplates an inclusive insurance scheme with:
I.  Unsubsidised Premiums;

ii. Subsidised Constant Premiums and;

.  Subsidised Flexible Premiums.

10
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The Capital Model

-> We borrow the dynamics of the model from Kovacevic and Pflug
(2011). Consider an individual household whose income [; at time

L is composed by consumption C;and savings S; ,

It = Ci.' + St'
- Consumption is modeled as an increasing function of income,

A i kzlr,
v a(ly—17) if de> 17

F =

Here, | represents a critical income leveland 0 < a< 1.
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The Capital Model

> X will denote the accumulated
capital up to time t . The capital
grows as follows

withO<c<1l.

- On the other hand, income is
generated through capital

It — bXt'

where 0 < b holds.

) ACtu'a ries 'ﬁ IA International Actuarial Association
institute” 5[y
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Figure 5. Consumption and savings level.
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The Capital Model

Capital

Poverty-Li s
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- Bringing together the previous
equations and defining x* =1*/b>0,
as a “critical capital” level, leads us to
the dynamical system for the capital

dX,

—r-[X, = x1"
dt r[Xe=x7]

where r=(1-a)-b-c and
[x]" = max(x,0).
- We consider the area below the

critical capital x™ as the area of
poverty. -
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The Capital Model

- We now assume that households
are susceptible to suffer capital A
losses.

- Occurrence of these events will
follow a Poisson process with
infensity A.

- The amount of the capital loss at
the ith event is described by a e
random variable Z; > 0, which is R SR
independent of the Poisson
process and i.i.d. with common e

C . . . Figure 7. Stochastic process subject to
distribution function G. random losses.

60
I

Capital
40

20

Poverty Line
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When and How Does Poverty Occurs?
The Trapping Time > Let
ms(x) = ]E[ Xz = x| X, = x| efﬁfxﬂ{fﬁm}]

X, Txl=inf{t20:Xr<X*|XU=X}

denote the time when a household falls intfo the
area of poverty.

> ms(x) denotes the expected discounted
penalty function at the trapping time (or
ruin) for an initial capital x > x™ .

| Bt > Similarly, ¥(x) = P(7x < o) is the infinite-time
IS ol trapping probability for an initial capital
X_L‘ jesie” |
| > Note that, with  x1 x2 , ms(x) is the
" ; Laplace transform of the trapping time.
Figure 8. The capital surplus imrT:edio’rer Moreover, we have ';!I‘J wlE) =)
before the trapping tfime and the capital 15

deficit at the frapping time.
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When and How Does Poverty Occurs?
The Trapping Time

Proposition. Consider a household capital process with initial capital x > x*,
capital growth rate r, intensity )\ > 0 and exponentially distributed capital 10sses
with parameter ,, 5 ( (Zi ~ Exp(«)). The Laplace fransform of the frapping time is

given by

e}’(”)U(l—/\,l-A+é
r r

A
(A+6)U(1-2,1-22:0)

:—y(x))'

ms(x) =

where 0 > 0 is the force of interest for valuation, y(x) = —a(x—-x*) and U(:) is
Tricomi’'s Confluent Hypergeometric Function as defined in (11.1).
16
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When and How Does Poverty Occurs?

The Trapping Time
A 3 X Nad .. r(2:i-y)
o= (+aU(1-2.1- @:n)ey U(l_?i_ r '_y{x)) SR rie)
=3 (=}
— — ©
=== Trapping Probability (§ = 0) Y —_— O
§=1/8 W a=1
- §=1/32 \ === a=15
o | = §=1/128 o | SR )
o o
s - 3
< s
g 3
oo s
o o
o~ o .
o o
g T T I T T I g
1 2 3 4 5 6 T 8 1 2 3 4 5 6 i 8
Initial Capital Initial Capital
Figure 9. Laplace transform ms (x) of the trapping Figure 10. Trapping probability ¥ (x) when
time when Z; ~ Exp(1),a=0.1,b=1.4,c = 0.4, Z; ~Exp(a), a=0.1,b=14,c=04, A=1,

A=1,x*=1foré=0,1, %, 1. x* =1 for «=0.8,1,1.5,2. 17
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Inclusive Insurance with Unsubsidised Premiums
The Trapping Probability

1.0

&  Actuaries iz
-:. Intert
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Uninsured Household
Insured Household

0.8

- Scheme that covers a proportion

100- (1 - &), with & € [0, 1], of the capital
losses households might encounter.
- Households pay the premium
m(k,0)=(1+0)-(1-x)-NE[Z] for 6 >0,
from their income. Thus, the new capital
growthrateis r® =(1-a)(b-n(x,0))-c .

0.6

Trapping Probability
0.4

0.0 0.2
|

— The vulnerable non-poor, may not { 2 4 4 B @ 7 3
receive a real benefit from enrolling in e
such an inclusive insurance scheme. Figure 11. Trapping probabilities for the uninsured

and insured capital processes when Z; ~ Exp(1),
a=0.1,b=14,¢c=04,\=1,~=0.5 6=0.5

and x¥ = x®* =1,

llllllllllllllllll
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Inclusive Insurance with Subsidised Constant Premiums
The Trapping Probability

o

= Uninsured Household
Insured Household
==+ Insured Subsidised Household (7* = 0, 8 = 0.75)

= T it~ - Although subscribing to @
proportional inclusive insurance
scheme reduces capital losses,
premium payments appear to make
vulnerable non-poor households
more prone to falling into the area of

0.8
|

0.6

Trapping Probability
0.4

0.2

poverty.
< _ - The government subsidises an
1t 2 3 4 5 & 71 8 amount B =m—7" of the premium,

Initial Capital

where 7™ is the premium after

Figure 12. Trapping probabilities for the uninsured, - . *
J bPINg subsidisation, such that m> 7" >0,

insured and insured subsidised capital processes
when Zi ~Exp(1),a=0.1b=1.4,c=0.4, A =1,
x¥ = xr = x"=0* =1,k =0.5 6=0.5,7=0.75

for #* =0,0.55. 17
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Inclusive Insurance with Subsidised Constant Premiums

The Optimal Subsidy

- Governments should provide
subsidies to inclusive insurance
providers such that they enhance
households’ benefits of enrolling in
inclusive insurance schemes.

- Moreover, governments also need to
gauge the cost-effectiveness of
subsidy provision.

- One approach to determining the
optimal subsidy for households that
require government aid is to find the
solution for 7™ of the equation
P (x) = (x),

«
S

i
=)

=
=)

0.4 0.5

0.3

0.2

1.0 15 20 25 30 35 40 45 50
Initial Capital

*
Figure 13. Optimal 70 for varying initial capital
when Z; ~ Exp(1), a=0.1, b=1.4,c=0.4,

A=1,x"""" =1,k=056=05gnd 7 =0.75,
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Inclusive Insurance with Subsidised Constant Premiums
The Cost of Social Protection

—

Cost of Social Protection

‘—— Uninsured Household (M = 7.61)
Insured Household (M (%) = 6.24)
—=— Insured Subsidised Household (Optimal Subsidy)
== Insured Subsidised Household (7* = 0, 8 = 0.75)
- — - Insured Subsidised Household (7* = 0.55, 8 = 0.2)

Figure 14. Cost of social protection for the uninsured, insured
and insured subsidised with #* = =*

and w =0.75.

3 4 5 6 7

Initial Capital

ppppp

9

,0,0.55 capital processes
when Z; ~Exp(1), a=0.1, b=1.4,c=0.4, A =1,
X* — X(n)* — Xﬂ'(m,@)* = 1, K = 0.5, 9 - 05, 5 = 01, € = 0.01,

We assess government cost-
effectiveness for the provision of
inclusive insurance premium subsidies
to households.

The cost of social protection
accounts for the provision of
government subisidies, in addition to
the cost of liffing a household from
poverty plus a supplemental fixed
cost that ensures, with a certain level
of confidence, that they will not
return to poverty, should they fall
underneath the poverty line.

21
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Inclusive Insurance with Subsidised Flexible Premlums
The Trapping Probability -

—— Uninsured Household

Insured Household
--- Insured Subsidised Household (7* = 0, 8 = 0.75)
- — - Insured Subsidised Household (7* = 0.55, 8 = 0.2)
— - Insured Alternatively Subsidised Household (B = 2)
-— Insured Alternatively Subsidised Household (B = 3.5)

- Scheme under which households pay
premiums when their capital is above
some capital barrier B > x“, with the
premium otherwise fully subsidised by
the government.

- Increasing the value of the capital
barrier B helps households to reduce
their probability of falling into the
area of poverty, since support from
the government is received when 128 il

their capital resides in the region  Figure 15. Trapping probabilities for the uninsured, insured,
between the critical capital x™* insured subsidised with #* = 0,0.55 and insured alteratively

0.8

0.6

Trapping Probability
0.4

0.2

0.0

and B subsidised with B =2, 3.5 capital processes when Z; ~ Exp(1),
’ a=0.1,p=1.4,c=0.4,XA=1, x¥ = x"* = x"=0* =y -1

k=05 6=0.5gnd m™=0.75,

22
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Inclusive Insurance with Subsidised Flexible Premiums

The Optimal Barrier

B - Initial Capital

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Initial Capital
Figure 16. Difference between the optimal barrier and the initial
capital, i.e., B — x for varying initial capital, when Z; ~ Exp(1),
a=0.1,b=14,¢c=04A=1 x""=1, k=0.5,0=0.5and
w=0.75,

- The aforementioned region acts as a

“buffer”, with households in this region
benefiting from coverage without the
need for premium payments.

One approach to determining the
optimal barrier for households that
require government aid is to find the
solution for B of the equation

P (x) =¥ (x).

xxxxxxxxxxxxxxxxxxxxxxxxx

|||||
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Inclusive Insurance with Subsidised Flexible Premiums
The Cost of Social Protection

'—1

— Uninsured Household
Insured Household
—e— Insured Subsidised Household (Optimal Subsidy)
—+— Insured Alternatively Subsidised Household (Optimal Barrier)

- Cost of social protection for the most TSRS T
VUlﬂerOble iS reduced Wi.l.h OII forms Of -— Insured Alternatively Subsidised Household (B = 3.5)
iInclusive insurance coverage.

> For sufficiently high barrier levels, all
households observe a decrease in
their trapping probability. However,

10
|

Cost of Social Protection
6

even when high barrier levels are ™

considered, under a scheme with )

flexible premiums, governments are L e s 4 s s 1 g

not required to subsidise premiums , . Initial Capital . ,
indefinitel . h hold il Figure 17. Cost of social protection for the uninsured, insured,
INae |n|.e Y smc.e ouseno S. Wi pgy insured subsidised with #* =«* ,0,0.55 and insured

the entire premium once their capital altemnatively subsidised with B = B.,...,2,3.5 capital processes
reaches a sufficient level. when 2y~ B(1), a=0.1 b=14, a=04, A=1,

x* = XM = (R0 (A 1, k=0.5,6=0.55=0.1,e =0.01 and 24

T =0.75.
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Conclusion

- Comparing the impact of three inclusive insurance frameworks on the
trapping probabilities of households, we provide evidence for the
importance of governmentally supported inclusive insurance in the
strive towards poverty alleviation.

- We introduce a transparent method with a mathematical foundation
for calculating “optimal subsidies” that can strengthen government
social protection programs while lowering the associated costs.

25
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Conclusion

- The inclusive insurance scheme with subsidised flexible premiums
suggests that in general, the trapping probability of a household is
reduced in comparison to when covered by basic inclusive insurance
and (for the most vulnerable) partially subsidised with constant
premiums inclusive insurance schemes, in addition to when uninsured.

= More significant influence is observed in relation 1o the governmental
cost of social protection, with the cease of subsidy payments when
household capital is sufficient facilitating government savings and

therefore increasing social protection e?fiaency.
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Thank You For Your Attention

Any questions?
josemiguel.florescontro@unil.ch
www.flores-contro.com
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Appendix |

Tricomi’'s Confluent Hypergeometric Function (Tricomi 1947) is defined as

r(1-c) M(a €:z) + 422 M(1+a-c,2-¢;2) ctZ,

) _ M(1+a—c) I(a)
Uama)e { ‘Iglm U(a,0;z) ceZ,
(11.1)
where M(a,c;z) =1F1(a,¢;2) = .50 (3 is Kummer's Confluent

Hypergeometric Function (Kummer 1837) and (a). = r(ra(:;) denotes

Pochhammer's symbol (Seaborn 1991).
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