
P
os
te
d
on

23
N
ov

20
22

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
10
02
/e
ss
oa
r.
10
51
11
56
.1

—
T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Reply to ‘Comment on “Bayesian Update and Method of

Distributions: Application to Leak Detection in Transmission

Mains” by Wang, Che, and Ghidaoui’

Abdulrahman A Alawadhi1 and Daniel M Tartakovsky2

1University of California, San Diego
2Stanford University

November 23, 2022

1



Confidential manuscript submitted to Water Resource Research

Reply to Comment on “Bayesian Update and Method of1

Distributions: Application to Leak Detection in Transmission2

Mains” by Wang, Che, and Ghidaoui3

Abdulrahman Alawadhi1and Daniel M. Tartakovsky2
4

1Department of Mechanical and Aerospace Engineering, University of California, San Diego, 9500 Gilman Drive, La Jolla,5

CA 92093, USA.6

2Department of Energy Resources Engineering, Stanford University, 367 Panama Street, Stanford, CA 94305, USA.7

We thank the Comment’s authors both for their kind words about our analysis and8

for pointing out the need for further developments of our leak detection method. We agree9

with the authors that the performance of our method, like that of any data assimilation10

technique, is affected by, and must handle, ubiquitous measurement errors. That is why11

the generation of observational data in Alawadhi and Tartakovsky [2020] includes white12

noise ξ(t), which “accounts for measurement errors and ambient noise. This gives a Gaus-13

sian observation model with mean hobs(t) and variance 1.”14

We also agree that the wave speed a is a potentially important source of uncertainty15

in field applications. It can be quantified by treating a as either a random variable or a16

random field. The method of distributions used by Alawadhi et al. [2018] to derive a de-17

terministic equation for the PDF fh(H; x, t) of pressure head h(x, t) can be modified to18

account for this eventuality. Two strategies for achieving that are derivation of i) a deter-19

ministic equation for the joint PDF fha(H, A; x, t) for the random variable a and the ran-20

dom field h(x, t); and ii) a PDF equation for fh(H; x, t) that would require a closure, such21

as the Large Eddy Diffusivity approximation [Venturi et al., 2013; Wang et al., 2013]. We22

are currently pursuing this line of research.23
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