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From Volterra Heston model to the fake stationary Volterra Heston model.

In the Volterra Heston model, the asset price process S and the variance process V are given by

ds,
?: =V Ve (pdWs + /1 — p2dW,"), So € (0, o), (1)

Vi = c?(Xt), Xe= Xo+ /t Kao(t —s) ((,u(s) —AXs)ds +v \/Vdes) . (2)
0

where K, is the fractional kernel o := H + % w=(w, WT) is a two-dimensional independent standard Brownian motion
p € [-1,1], u a deterministic function, \,v € Ry.
o If o(x) =+/xand a € (%, 1), we recover the standard rough heston model

o If o(x) = \/ko + ka(x — a)2 and o € (%, 1), we recover the quadratic rough heston model
Potential challenges:

o Exhibits distinct regimes for short and long maturities

o Due to the intrinsic non-stationarity of the Volterra Equation (2), see, e.g. [Pages, 2024]
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From Volterra Heston model to the fake stationary Volterra Heston model.

In the Volterra Heston model, the asset price process S and the variance process V are given by

ds,
?: =V Ve (pdWs + /1 — p2dW,"), So € (0, o), (1)

Vi = c?(Xt), Xe= Xo+ /t Kao(t —s) ((,u(s) —AXs)ds +v \/Vdes) . (2)
0

where K, is the fractional kernel o := H + % w=(w, WT) is a two-dimensional independent standard Brownian motion
p € [-1,1], u a deterministic function, \,v € Ry.

o If o(x) =+/xand a € (%, 1), we recover the standard rough heston model

o If o(x) = \/ko + ka(x — a)2 and o € (%, 1), we recover the quadratic rough heston model

Potential challenges:

o Exhibits distinct regimes for short and long maturities

o Due to the intrinsic non-stationarity of the Volterra Equation (2), see, e.g. [Pages, 2024]
Solution:

o Introduce the “fake stationary Volterra” Heston model in the terminology of [Pages, 2024]

o Ensures a time-consistent modeling framework
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Fake stationary Volterra processes with affine drift and convolutive kernel

Fix T > 0, under the given complete filtered probability space (Q, F,F = {Ft}o<:<T,P), let X be the following R-valued
scaled Volterra SDE driven by the 1-dimensional Brownian motion W:

X = Xop(t) + /Ot K(t —s)(u(s) — AXs)ds + /Ot K(t — s)o(Xs)dWs, Vo 1L W. 3)

Here, K € L2([0, T],R) is a scalar kernel, ¢ a (locally) bounded Borel initial function and A € R4, p: Ry - R, 0 : R — R.
Assumption (Well-posedness): We assume there exits at least a continuous weak solution to the Volterra SDE (3).

Wiener—Hopf transform: Let f) be the resolvent of AK, (i.e. f\ + AK * fy = AK), the solution (Xt);>o of the Volterra
SDE (3) also satisfies:

xe=Xo(o(0) ~ [ Ae=s)os)as) + 5 [Ge- sy a5 [ e s)o0x) s, (4)
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X = Xop(t) + /Ot K(t —s)(u(s) — AXs)ds + /Ot K(t — s)o(Xs)dWs, Vo 1L W. (3)

Here, K € L2([0, T],R) is a scalar kernel, ¢ a (locally) bounded Borel initial function and A € R4, p: Ry - R, 0 : R — R.
Assumption (Well-posedness): We assume there exits at least a continuous weak solution to the Volterra SDE (3).

Wiener—Hopf transform: Let f) be the resolvent of AK, (i.e. f\ + AK * fy = AK), the solution (Xt);>o of the Volterra
SDE (3) also satisfies:

xe=Xo(o(0) ~ [ Ae=s)os)as) + 5 [Ge- sy a5 [ e s)o0x) s, (4)

Definition 1 (Fake Stationarity)

The process (Xt):>o with diffusion coefficient o(X), starting from Xo € L?(PP), exhibit a fake stationary regime of type | if:

Vt>0, EX;=EXg=:mg, Var(X;)=Var(Xo)=:vo and Eo?(X;)=32. (5)

™ mid = — Ty
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Intrinsic fake stationarity with autonomous diffusion coefficient

Theorem 2 (Autonomous diffusion coefficient o [Gnabeyeu and Pages, 2025])

Assume Xo € L2(P) and let (Xt);>0 be a solution to the scaled Volterra Equation (3) starting from Xo and satisfying

Vt>0, EX;=mg, Var(Xe)=w >0 and Eo*(X;) =32 > 0. (6)
Set ¢ := _V—g > 0 be such that ¢ > % Jo~ f2(s) ds. Then, a necessary condition for the relations (6) to be satisfied is that
%
t
vt >0, <p(t):1—/\/ K(t—s)(ﬁ—l) ds. (7)
0 Amg

and the mean-reverting function p in Equation (3) is uniquely determined and is given by

pu(t) == %(/Otgk(t _ s)u(ds)) with g(t) = )\m0<1 - \/1 _ % Ot £2 () ds) and (fy + r)(t) = (r * A)(t) = 1
(8)

provided the functional resolvent of the first kind ry of fy is well-defined, In such case, the process (Xt):>o has constant
mean mg and a stationary variance vy over time.
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Remark 1: In such case, the Volterra Equation (3) simplify to

Xe = Xo — (xo - mo) (1 — 1= i Ot £2(s) ds) + % /0t it — s)o(Xe)dW.. (9)

Example 3 (The case of a-fractional integration kernels K, (t) =

Let o € (0,1) and consider the fractional integration kernel K (t) = %IRJr(t), with f, x defined as the resolvent of A K.

Let ¢ > % I fs’A(s) ds. In view of Equation (8), it follows that:

1 . t
() = gaa(t) + 1D Ean(t) with gaa(t) =Amo(1— \/ 1-—5 [ f2,(s)ds)

c\? 0

and D% := 2 /1= \yhere D% and /1= denote, respectively, the Riemann—Liouville fractional derivative of order «, and the
Riemann—Liouville fractional integral of order 1 — «

v

Remark 2: One checks that p is continuous on (0, +00) and that lim¢— 40 p(t) € R. Moreover, by Hardy-Littlewood's

; isti ~ __mo(20) —1
Tauberian theorem for Laplace transform, we have (heuristically), p(t) o 2ea-1(a) o1

Potential challenges:

o Highly restrictive, as it effectively dictates explicit closed-form for both ¢ and the mean-reversion term p in the drift.
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A numerical illustration of intrinsic fake
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Fake stationary Volterra process using a stabilizer

Xe = Xow(t) + /Ot (e = 3)(u(s)~3) s + /Ot K(t — )o(s)o(Xs)dWs, Vo 1L W. (10)

Theorem 4 (

Time-dependent diffusion coefficient [Gnabeyeu and Pages, 2025].

Let (Xt)¢>0 be a solution to the scaled Volterra equation in its form (3) starting from any random variable Xo € L2(Q, F,P).
Assume Xo € L2(P) and let (Xt);>0 be a solution to (3) satisfying

Vt>0, EX¢=mg#0, Var(X;)=v >0 and &(t):=Eoc?(X;)=a3 >0. (11)
Then, a necessary and sufficient condition for the relations (11) to be satisfied is that

Vt>0, <p(t):17)\/0tK(t75)(l;\(—”.271) ds.

(12)
and the couple (vo,s(t)) must satisfy the functional equation:
f;
(Exc): Vt>0, cX? (1 - (1- %)? = (f2+¢?)(t) with c= ‘_/—2 and < :=gyc. (13)
0 0 4

Definition 5 (Stabilizer)

We will call the stabilizer (or corrector) of the scaled stochastic Volterra equation (3) the (locally) bounded Borel function
S := Gx,c, solution (if any) to the functional equation (Ej ) in (13).
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for the a— exponential fractional kernels K, ,(t) = e "t4 ( ) (t), p=> 0, € (3,1)

2
Saspr)‘sc

@ The computation of the function ¢2 involves knowing the form of the mean-reverting function p

a,p,\,c’
We can solve the functional equation numerically

with second-order extension of the triangular Volterra discretization)

Example 6 (Computing <2

a,p,\,C

On a time grid tx = k+ T k=0,...,n., using a piecewise linear interpolation on [tj, tjir1], we build the recursive scheme:

o‘p/\C(O)_Oande>1

% (1_(1 - M) ) = (72,3 %62 5 o) (8) 1)

Amg
k—

-

fj+1 tiy1—S s—t;
(Bonele) [ Borts =R m oty ) [ 20— ) ).

= t; j+1 tj+1 - tj

which we can solve step by step (Lower-Triangular system) to recover the values ca poaelte), k=1

Remark: In this setting, the Volterra SDE (3) simplify to

1 t 1 t
Xe=Xo— —— (xo - mo) / fi(t — s)u(s) ds + f/ At = )5 pr.c(5)T(Xs)dWs. (15)
)\mo 0 A 0
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Illustrations with a—
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u(t) = Amo, H=0.1, c = 0.316, A = 0.2, p = 1.2, mg = 10, vp = 0.09, ko = 0.25 and ko = 0.384.
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Applications |: The fake stationary rough Heston model, K(t) = K,(t) =

In this setting, the pair (log S, V), where S denotes the asset price and V its variance process, is governed by

= :«/Vt(detJr\/lf;ﬂthT), So € (0, 00),

' (16)
Vi = Vot Jif Ka(t — s)(( — % yp(s) = A(Vs — vo)) ds + [ Ka(t — $)vsa,nc(s)V/VadWs.
with: p
ve>0, X (1-(1- M)Q) =(f2, %2, )(t) with ¢, A>0. (17)
Amo A Sax,

where, W = (W, WT) is a two-dimensional standard Brownian motion, p € [—1,1] a correlation, p a deterministic function,
A, v, ¢ € Ry such that V is at least a weak solution to the Volterra equation (16) which writes equivalently:

1 t V 1 t
Ve = Vo + X/ fa(t = 9) (1= 2 )u(s)ds + X/ For(t — ) c(s)VVadWe, canc(t),20 (18
0 0 0

Well-Posedness: Unique-in-law positive continuous weak solution (as a scaling limit of a sequence of time-modulated Hawkes
processes) see e.g., [Gnabeyeu et al., 2025].
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Applications |: The fake stationary rough Heston model, K(t)

Assumption 7 (Integrability and uniform Holder continuity)

Let A >0 and o € (l 1). Assume the kernel Ko, is such that its resolvent f, » satisfies:

(i) Integrability: f+°° f25 \(u) du < +oco  for some 3 > 1.
1

(ii) Haélder continuity: 3¢ € (0,1] and C < +oc0 such that max;—1 > [f0+°° [fax(u+8) — fux(u)] du] <.

Theorem 8 ( [Gnabeyeu et al., 2026])
The fake stationary rough Heston model (16) has a unique in law continuous Ry x R -valued weak solution (S, V') for any
initial condition (So, Vo) € R4 x th (P) defined on some filtered probability space (2, F, (F)¢>0,P). Moreover, Let p > 0

such that Vg € LP(PP). Under Assumption 7, the sample paths of V' are (19 A 62—;?1 - % — n) -Hélder pathwise continuous for

sufficiently small 7 > 0 and for any T > 0, there exists a constant C, T > 0 such that the following sup-norm holds

F=g| sup Vel ] < G +ENVPD). (19)
P te(o,

| oo v
tel0,T]

v

Sketch of Proof: The uniqueness in law follows from the characteristic function. Since S is fully determined by V/, the

existence of S readily follows from that of V.
Sunday 28" June, 2026
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From nearly unstable heavy tail Hawkes processes to inhomogeneous fractional CIR equation.

Asymptotic Hawkes Setting: Let (N1LT>AZ—)tZO be a sequence of 1-dimensional Hawkes processes indexed by T > 0,
observed over [0, T], and defined on the filtered probability space (27, FT,PT, (]:tT)tE[O,T]) with T — oo and the intensity
process (A] )0 given by:

't

N =pTOT (@) +uT(0)+ [ oT(e—s)an] (20)
" 0
where:
o u'(t) is the non-negative baseline intensity.

e o' is a non-negative measurable and completely monotonic memory kernel with regular varying tail and || 7|1 < oo,

®T(t) = [ ©7(s)ds is the non-negative initial condition.

/\(’)‘T a positive real-valued random variable

Introduce a time-dependent rescaling. Define A¥ T := ;T_%/\ZT. where (a1)7>0 is a (0, 1)-valued sequence of positive
z >

numbers converging to 1.
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Intuitions and main Heuristic convergence results

Let W7 be the resolvent of ¢”. Wiener—Hopf transform of the intensity process (A}T) and asymptotic limit as T — -+oc.

T t T T
N = AST(¢T(tT)+(wT*¢T)(tT)) —ar +~;‘7t/ T( - ar)0T (T(t—5)) uTs) e
i (?) © (?) 0 m
Tﬂjxﬂ»,/\(f—s) hfl—/
18 (4= fo (1= )0(51) T oo ML)

T—+

= fax(t—s)
S(S) T—+oo

Y- ar )~ tT)+/ \/T(laT) e T — ar)WT (T(t - s)) \/A:TdW], Ve € [0, to]

T~>—oo T~>+oo’\

with some constant A\, v € R} and some deterministic and continuous positive function ¢, . and <.
Taking the limit as T — oo, we expect the limiting process A} to be the solution (with some additional assumptions) of

AT = A5 ((1) - / fa(t = $)0(s)d5) + 5 /Otfa,x(t—s)ﬂ(s)ds-f-% /Otfa,x(f—sﬁ(s)\//T?dWS- (21)

or equivalently (Wiener—Hopf transform),

N = Aol + e )/(t—sa Huls) = A ds + 22 [ (e = )7 Ae(s) /AT Vs, (22)

r()

Formal Proof: By Functional Limits Theorem: "Ala Jacod—Shiryaev”, see [Gnabeyeu et al., 2026]
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Applications I: The characteristic function of the fake stationary rough Heston Model.

Theorem 9 (Fourier-Laplace Transform of the fake stationary rough Heston model [Gnabeyeu et al., 2025])

Let o € (3,1), A\,c >0 and u € (C2)*. Then there exists a unique function 1) € L2([0, T],C) solving the fractional Riccati
equation

1 _ . V2 —o
(D9)(8) = 5 (1 = i) + (iwpv s o T = ) = M) $(6) + = 2 5 (T = )42(), te[0,T], (I*¥)(0) = 0. (23)
leading to the Fourier—Laplace representation for the log-price:
iu lo, S @ V
orve(u) = By, |e { g(L )} = o (VO(/l B)( / H(T = s)((1 - f)ﬂ( )+)\V0) ds> . (24)

with D% = %11*"‘ where D% and 11~ denote, respectively, the Riemann—Liouville fractional derivative of order o, and the
Riemann—Liouville fractional integral of order 1 — .

4

Practitionner corner:

o Generalized Adams—Bashforth—-Moulton algorithm (fractional Adams method) for solving a fractional ODE (23).

o Plugging the numerical solution into (24) yields the characteristic function, from which standard Fourier methods allow
the pricing of call and put options (Carr Madan, Lewis, etc.).
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Applications Il: The fake stationary quadratic rough Heston (FS-QRH) model

The Quadratic Rough Heston volatility Model, K (t) = %IR(t), o€ (%, 1) and a:= H+ %

@ has been introduce for the joint calibration of the S&P 500 and VIX volatility surfaces, accounting for the so-called
Zumbach effect.

o typically used to model options with short expiries.

Let (Xt)t>0 be a solution to the fake stationary quadratic Volterra SDE, where for every t > 0, u(t) = Amy, so that
p(t) =1, VYt > 0. We define the model

dsS
?: = a(xt)(p dW; + /1 - p? dWF), o(x) = \/ko + ka(x — mo)2, K >0,i=0,2,

with
Xe= go(t) + % /Ot fax(t =) sa,x,c(s) o(Xs) dW, &o(t)= mo + (Xo — mo) (1 - /Ot fa,A(S) d5>7
and ¢,z c(t) > 0, solution to
(Eare): Vt>0, c,\2<1 —(1- /Ot fox(s) ds)2) = (f2\*2 5. )(t) with A>0andce (o, Hiz) . (25)
Xo ~ L(mo,vo = %), Model Parameters: 0 := (e, A, p, €, Mo, Ko, K2)
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Computing the Stabilizer ¢, ) o for the a-fractional kernels K,(t)

° = [;F>°u?"le ¥ du, a>0and B(a,b) = [} v 1(1—u)>du, a,b >0, the Gamma and the beta functions.

k > 0. The solution ¢2

a,\,c

Set aj = r(all<+1)’b’< = r(a(/1<+1)) to (Eq,x,c) reads:

Example 10 (Stabilizer 2

o € (3,1), see [Pages, 2024])

Sa,\ ¢t
2 c(t) = cXTaR(Aat) where 2(t) =2t 3 (~1)k ek (26)
k>0
with
M(a)® e .
cg=————-——, and for every k > 1, ¢ is defined inductively by:
Fr2a—-1r2—a)
[(0)*B(alk +1), 2(1 — a)) : 2
= b) —alk+1 Bla(/+2)—1, a(k —¢—1 2) (b* -
= T e e | ek D Y et 2) 1, of )+2) (52)e 0k

where for two sequences of real numbers (ux)k>0 and (vi)k>0. the Cauchy product is defined as (u * v), = Zz:o UpVk_y

Sketch of Proof: Regular Variation ( Tauberian theorems) on Laplace transforms of (E, x ) . see again [Pages, 2024].
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Practitioner's corner: Truncating the power series defining §§ \c at

The left panel displays log;, |ck| as a function of k for o € [0.51,0.99]. All curves fall below the float64 machine precision
threshold, well before k = 50 = Truncating the series (26) at nmax = 50 is sufficient across the entire simulation range.

Stabil

Tauberian coefficient decay
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60+

log10(lc_k))

80

100
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index k

Figure: Left: Tauberian series coefficients over the time interval [0, 10] for Hurst exponents H € (0, ). Right: Stabilizer mappings
ti — Sa,x,c(tk) over the time interval [0, 10] for H = 0.1 and H = 0.4. Parameters A = ¢ = 1 and n = 600.

The right panel depicts the stabilizing functions t — ¢, x c(t) for different values of o € (%, 1).
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Applications Il: Numerics for the fake stationary quadratic rough Heston model

On the discrete grid (t])o<k<n t] = %, k=0,...,n

o for the Markovian log-stock price process log S, we use the Euler—Maruyama scheme

Ef,Jr Ve, 1<pAth+\/1—p AW ) 27)

where AWt% ~ N(0, %) is independent of all other sources of randomness.
k

log Stf =log S, —

@ for the Variance process, we use the semi-integrated Euler scheme which write recursively:

k—1

— 1 tot1

X, = 8o(t) + 5 3 sanelters)o (x”)/ fo(t] —s)dWs  k=1,...,n. (28)
A 0 It

Let us denote by G = (Gks)k=0:n,¢=0:n—1 the (n+ 1) X n matrix involving the random terms I,:"Z = féf“ fax(t] —s) dWs.

AWt[]'{k g}, k<€ £=0:n-1
Gt keOin t—0in—1 = . 29
(Gke)=oin,e=0in—1 < ftt“l fou 2 (tk *5) dWs1io<p<k<n} (29)
Then the following relation holds: Yg = Xp and for every k=1, ...,
(X2 ) iy = (80(t)) (. + Gk (<a,A,c(fe+1)U(Y:e))e:o;n71 (30)

by generating an independent sequence of gaussian vectors Gy .,k = 0---n using an alternate extended and stable version of
Cholesky decomposition of a well-defined covariance matrix, see [Gnabeyeu and Pages, 2025, Gnabeyeu and Pages, 2026].
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Implied volatility surface generated by the FS-QRH model

Parameters H a=H+ % A p c mo ) K2

Fake stationary QRH ||  0.7478 1.4810 0.8575 0.2805 0.0752 0.0114 3.5652

Table: Parameters for the Fake Stationarv Quadratic Ronoh Heston Madel
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Fitting the FS model to the SPX volatility surface.

o We are left to calibrate our set of parameters 0= (e, A, p, €, mo, Ko, k2): (A very small number of parameters).

= Choice of the target objective function:! : Among Others, the weighted squared-error loss

0) — &% mid o,vol\2 1
F(@) #O.SPX Z Wyol 7“}9‘ ) , with Wvol e+ |O.o,l)i(i _ a-o,ask| :

ocaSPX

o,vol .

Here, o°PX the given set of SPX options, c®™id the market mid implied volatility for the option o, and \l! is the implied

volatility of the option o in the FS-QRH model with the given parameter @ and obtained by Monte-Carlo 5|mulations.

Our method of simulation ( the semi-integrated Euler scheme ) exhibit several advantages:
o its generality (even for long memory kernels),

@ accuracy and computational efficiency

LPractitioners aim at positioning the model implied volatility at the mid.
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Model fit for very Short-Dated-Options (expiries measured in days)

implied vol

Expiries H a=H-+ % A P c mg Ko K2

T=1 || 0.5642 47711 07796 0.2890 0.0481 0.0218  3.4598
T=2 | 06168 47430 0.8224 02835 0.0517 0.0171 3.5273
T=6 || 06524 22821 0.8986 1.0814 0.0729 0.0115 0.9247

Table: Calibrated parameters by expiry for three very short-dated options

SPX smile vs model (T=0.0027, 200 steps, M=100,000)

o5 oo
log(kIF)

T=1 day, F = 4146.74, 101 strikes

implied vol

‘SPX smile vs model (T=0.0055, 200 steps, M=100,000)

o \\\_
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T=2 days, F = 4146.46, 158 strikes

‘SPX smile vs model (T=0.0164, 200 steps, M=100,000)
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Figure: Market bid—ask implied volatilities and fitted model smile for three very short,.SPX maturities.
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Model fit for Short-Dated-Options (expiries measured in weeks)

Expiries H a=H-+ % A P c mg Ko K2

T=1 || 06138 3.2444  0.6877 0.7978 0.0747 0.0094 1.2535
T=2 | 05561 2.9191 0.5966 0.2173 0.0634 0.0031  4.6030
T=3 || 06144 1.7727 05812 0.2911 0.0864 0.0011 3.4354

Table: Calibrated parameters by expiry for three short-dated-options.

SPX smile vs model (T=0.0192, 200 steps, M=100,000)
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T=1 week, F = 4147.57, 110 strikes

oo 010

SPX smile vs model (T=0.0383, 200 steps, M=100,000)
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T=2 weeks, F = 4149.69, 103 strikes

SPX smile vs model (T=0.0575, 200 steps, M=100,000)
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Figure: Market bid—ask implied volatilities and fitted model smile for three short SPX maturities.
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Model fit for Medium-Term Options (expiries measured in months)

Expiries H a=H+ % A o c mg Ko KD

T=1 H 0.6386 1.4906 0.8717 0.5330 0.0921 0.0108 1.8762
T =217 H 0.5929 1.3453 0.8985 0.5784 0.1139 0.0077 1.7289
T=6.1 H 0.5894 1.6437 0.8909 0.2115 0.1002 0.0026 4.7277

Table: Calibrated parameters for three medium term expiries .
SPX smile vs model (T=0.0821, 200 steps, M=100,000) ‘SPX smile vs model (T=0.1780, 200 steps, M=100,000) 7 SPX smile vs model (T=0.5804, 200 steps, M=100,000)
" S e = o
%:“ %:A ‘\\\’ : ‘x“‘\/

Y o | ol | o | ox

Tiido 09 08 07 -6 05 04 03 0z 01 00 01 02 03
log(KF)

T =1, F =4155.67, 299 strikes T=2.17, F = 4170.88, 280 strikes T =6.1, F =4233.80 134 strikes
Figure: Market bid-ask implied volatilities and fitted model smile for three medium term SPX maturities.
@ The fits are almost perfect on the three expiries,

@ the model prices lies between the bid-ask spreads despite market tightness.
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E. Gnabeyeu, LPSM-Sorbonne Univ. (shortinst) Fake Stationary Volterra Heston Model (FS-SVIE)

Sunday 28" June, 2026



Model fit for Long-Dated Options (expiries measured in years)

Expiries H a=H+ % A p c mg Ko K2

T =135 H 0.5838 0.9219 0.8796 1.7510 0.3166 0.0016 0.5711

T =2.842 H 0.5656 0.7569 0.8869 0.3611 0.1573 0.0003 2.7695

T =3.838 H 0.5646 0.7736  0.8444 1.0135 0.2768 0.0003 0.9867
Table: Calibrated parameters for three long-dated expiries.

SPX smile vs model (T=1.3470, 200 steps, M=100,000)

SPX smile vs model (T=3.8385, 200 steps, M=100,000)

SPX smile vs model (T=2.8419, 200 steps, M=100,000)
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Figure: Market bid-ask implied volatilities and fitted model smile for three long-dated SPX maturities.

@ The model provide a fairly good fit of the long expiries volatility slices.
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Joint Calibration of Options: Model-Implied Volatility Surface (From 4 to 7 months)

Expiries (in years) H a=H+ % A p c mo Ko K2

0.2875, 0.3696,0.4271,0.4545,0.5038,0.5804 ||  0.5929 1.3453 0.8985 0.5784 0.1139 0.0077 1.7289

Table: Calibrated parameters for the volatility surface.

SPX Market Implied Volatility Surface (Market Quotes) Model Implied Volatility Surface
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Joint Calibration of Options: Model-Implied Volatility Surface

SPX smiles vs model smiles (300 steps, M=100,000)
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@ The model adapt to each patterns of the differents expiries, producing a fairly good fit to the market data.
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Joint Calibration of Options: Model-Implied Volatility Surface (out of samples), from 1 to 3 weeks

‘SPX smiles vs model smiles (250 steps, M=120,000)

T=0.0383, F=4149.69, n=103 strikes T=0.0411, F=415069, n=104 strikes T=0.0548, F=4151.80, n=90 strikes
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Figure: Calibrated SPX Implied Volatility surface (Volatility smiles for maturities between one week and one month)
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