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Introduction and Summary 
 
In a prior article1, we presented results of our examination of national deposit pricing history 
from 1998 early 2016. We reported the evidence of “rate structures” characterized by 
hierarchical rate relationships among deposit products that are both robust (stable in all rate 
environments) and persistent (durable over time). We concluded these structures derive from 
pricing rules – express or implied – within bank deposit pricing committees. 

We next examined2 whether the rate structures are consistent with rate paths estimated by banks 
for purposes of risk modeling and reporting. We concluded they are not and presented examples 
of inconsistencies encountered in our model validation practice over nearly two decades; deposit 
modeling has not evolved significantly since 2000. 

We briefly discussed the conceptual flaws underlying the most common rate simulation practices 
employed by bank risk models and the process challenges presented by alternative 
methodologies based on non-linear optimization (e.g., the Excel SOLVER) approaches. 

Here we expand our discussion of the inherent conceptual problems arising from use of 
econometric estimations based on historical data when applied in forward-looking simulations.  

We then examine further the strengths and limitations of optimization methodologies and narrate 
our (surprisingly successful) efforts to resolve the largely process (not conceptual) limitations 
that have heretofore prevented their widespread adoption.  

We conclude by showing that simultaneous simulation of multiple, linked deposit rate models 
can generate rate structures that are stable over long periods, persistent across all modeled rate 
scenarios consistent and consistent with historical evidence of rate structures.   Finally, we 
observe that the methodology facilitates in-line back-testing against history, wherein it 
demonstrates performance measures superior to widely-accepted econometric methodologies. 

Partial Response Models that Incorporate Asymmetric Price Adjustment Speeds 

Partial response models are used by economists when modeling economic variables 
characterized by known and observable lags in the target variable response to changes in the 
underlying independent variables.   The model structure fits with observed deposit pricing 
behavior in banks and adaptable to the widely documented observation that banks adjust deposit 
rates asymmetrically to changes in market rate.   Banks are slower to raise deposit rates when 
market rates rise than when market rates fall.   
                                                       
1 BALM October 2016 
2 BALM January 2017 
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The deposit rate model described in Box A, below, is one representation of a pricing model. It 
incorporates two basic hypotheses regarding how banks price deposits. 

First, there exists a long term unique relationship between the independent variable – in this case 
an indicative market rate – and the target deposit rate “in the long run.”  We describe this 
relationship with a linear equation (equation (1) in Box A).   As indicated, by adding equation (2) 
we constrain target rates in low rate environments to account for the the structural rate 
relationships identified in our earlier paper and the zero rate boundary. 

Second, as represented by equations (3) and (4), the deposit rate adjusts toward the target deposit 
rate with a lag. The lag is directionally asymmetric with deposit rates typically dropping more 
quickly as market rates decline and lagging in a rising market. It is important to note that the 
degree of asymmetry varies by product and balance tier, with some products (e.g. Interest 
Checking and Savings) demonstrating slower adjustment speeds, while others (MMDA and TD 
rates) adjust much more rapidly to changes in market rates. 

We have found the general structure of the “Generic Asymmetric Partial Response Model” to be 
sufficient to simulate deposit rates under different rate scenarios – including stochastic rate 
scenarios – that are consistent with bank management expectations, past pricing histories, and 
requirements to report and manage income and economic value risks associated with changes in 
interest rates and economic conditions.   

  
Box A 

 
A Generic Asymmetric Partial Response Model of Deposit Rates 

 
Let the target rate be described by 

 
D*(t)= a + b M(t)    represent the target rate equation                     …(1) 
 
Potentially constrained by   D*(t) ≥ Z*(t)                                       …(2) 

 And dynamics 
 
 (t) = [D*(t)-D(t-1)]                                                                        …(3)  
 
 D(t)=D(t-1) +(sign()) (t)                                                          …(4) 

Where, 
 
M(t)=the market rate used to motivate changes in the deposit rate in month t 

D*(t)=  the target deposit rate in month t conditional on the market rate M(t) 

Z*(t) = a potential lower bound constraint to the target rate.  It may be zero or 
another product’s rate 

(sign ()) = partial adjustment factor which varies based on whether the last 
value of the deposit rate is below or above the target rate. 

a, b, and are parameters to be estimated 
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Modeling asymmetric lags and cross-product constraints must be part of any rate simulation, 
particularly when using stochastically generated market rate scenarios to simulate deposit rates.  
So the question is presented: What is the best way to estimate these models? 

Problems with Econometric Methodologies 

The argument against current estimation methodology begins with the empirical observation that 
results are typically and unpredictably flawed. Two examples will suffice. 

First, we observe that when modelers are using stochastic rate scenarios to model EVE, they 
frequently assume that historically fit econometric models will perform well in these kinds of 
scenarios.  In essence, the econometrically estimated models become “Black Boxes.” Simulated 
paths are typically not reviewed or otherwise validated and it has been our experience that 
modelers are nearly always surprised when shown modeled rate paths that are inconsistent with 
their history (structures) and their expected rate setting behavior.    Cross-product relationships 
break down particularly at turning points in the rate cycle, where crossing rate paths conflict with 
pricing practices, reporting and governance standards. 

The observed deficiencies in current estimation-simulation practice appear to arise from the 
sequential use of incompatible methodologies: econometric estimation of historical pricing vs. 
forward-looking simulation. 

Econometric models estimated from time series data provide a robust methodology when used to 
fit and explain history. In other words, the methodology can “explain” the evolution of the 
dependent variable with a high degree of confidence, as measured by the impressive R2 values 
and small coefficient standard errors 

Partial response models fit history well because deposit rates are correlated with past values.    In 
forward looking simulations with horizons incorporated in bank risk models, there are no actual 
lagged dependent variables, only simulated lagged dependent variables.    As we demonstrated in 
our January BALM article, the econometric models perform poorly as soon as the underlying 
market rate scenario has turning points, such as those contained in stochastically generated rate 
scenarios. 

From a practitioner’s point of view, a second flaw in the methodology is even more fatal: it 
ignores the rules evident in and implied by the historical rate structures: hierarchy and cross-
product and boundary constraints.      

 
Practical Limitations of the SOLVER or Other Optimization Algorithms 
 
While econometric estimations frequently produce model results that fail to pass reasonableness 
tests in simulations and/or back-tests, models estimated using the Excel SOLVER (or other non-
linear optimizer) provide better parameters and more realistic rate paths. They also perform 
better in out-of-sample simulations, particularly when the cross-product constraints are applied 
and estimated from a rate history containing turning points (e.g., 2004-2009). 

Unfortunately, estimates derived from optimizing a simulation model suffer from a drawback 
that potentially limits its general application:  estimated parameters are not stable from one time 
period to the next or are highly sensitive to the specific time period used to derive the estimated 
model.      



 

Paramete
dependen
model.   
there are 
maximiz
change th
may resu

This cond
The SOL
frowns o
estimated
estimate 
change p

A Serend

In attemp
simulatio
level, and
resulting 
 

er sensitivity
nt variables i
The model s
many sets o
e R2).     As 
he current de
ult. 

dition is high
LVER requir
n models wi
d using the S
models, repo

parameters. 

dipitous Disc

pting to reso
on model tha
d features a v
structure. F

Fig

y occurs beca
is “over-spec
structure freq
of parameters
a consequen

eposit rate ju

hly unsatisfa
res analytical
ith changing
SOLVER fun
ort results to

covery of Ro

lve at least t
at allows the 
visual feedb
igure 1, belo

gure 1 – DD

ause the part
cified” when
quently resu
s that will ne
nce, when us
ust slightly, a

actory when 
l constraints

g parameter v
nction, it sim
o a governan

bust Deposi

the problem 
modeler to 
ack mechan

ow presents 

DA Analytic

tial response
n a simulated
lts with a ne
early minim
sers select a 
a completely

used in a co
s to work con
values.  With
mply isn’t fea
nce body and

t Rate Mode

of modeling
directly con
ism allowing
images of th

s Deposit R

e model form
d lagged dep
ear “flat erro

mize the sum 
different his

y new and di

ontinuous mo
nsistently in 
h the large n
asible for mo
d obtain the 

els 

g transparenc
ntrol pricing p
g the user to

hese key feat

Rate Simulat

m with simul
posit rate is u
r surface,” w
of squared e

storical perio
ifferent set o

onthly repor
a bank envi

number of de
odelers to co
required per

cy, we const
parameters a

o see and inte
tures. 

tion Model 

lated lagged 
utilized in th
which means
errors (or 
od, or if they
of parameter

rting context
ironment tha
eposit rates t
onstantly re-
rmissions to

tructed a rate
at the produc
eract with th

4 

he 
s, 

y 
rs 

t.  
at 
o be 
-

o 

e 
ct 

he 

 



 

Next we 
groups (e
simultane
included 
the rate h

 

Examp

 

 

We then 
simultane
particular
paramete
pricing re

We belie
these mo
managem
economic

 

considered h
e.g., Interest 
eously and a
a back-testin

histories, suc

ple of Back T

discovered t
eous modeli
rly when his

ers that were
esponses, su

eve this disco
odels isn’t to 
ment find cre
c value and i

how to achie
Checking, S

across all exp
ng visualiza

ch as shown 

Test of US A

that shifting 
ng of linked

storical prici
 selected did

uch as those i

overy has wi
meet statisti

edible and us
income to ch

eve paramete
Savings, MM
pected intere

ation tool, so 
in Figure 2 b

F

Average Int

from sequen
d product gro

ng was used
d not maxim
in Figure 2.

idespread ap
ical objectiv
seful for mak
hanges in ma

er stability s
MDA and ass
est rate (stres
that modele

below. 

Figure 2 

terest Check

ntial modelin
oups provide
d as a guide t

mize R2, but w

pplication wi
ves.   It is to h
king judgme
arket rates.  

uch that we 
sociated bala
ss) scenarios
ers could see

king Rates w

ng of individ
ed insight an
to parameter
were sufficie

ithin the indu
have models

ents about th
  

could mode
ance pricing
s.    At the sa
e how variou

with Min B

dual product
nd parameter
r selection.   
ently close to

ustry, becau
s of deposit r

heir bank exp

el linked prod
g tiers) 
ame time we
us parameter

alances of $

ts to 
r stability, 
In other wo

o capture ban

se the goal o
rates that sen
posures or 

5 

duct 

e 
rs fit 

$2K 

 

ords, 
nk 

of 
nior 


