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The goal

Rainfall-Runoff model
Parameter (and
uncertainty ) estimation

Seguential estimation via
Particle filters (percentiles)

Batch estimation via MCMC
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Bayesian state and/or parameter estimation

Water Resources Research
. 27 papers in last 10 years on parameter estimation in
hydrology/rainfall-runoff modelling

. MCMC . Particle filters

(e.g. Metropolis, Metropolis-Hastings, (e.g. Bootstrap, Importance Sampling,
Adaptive Metropolis, ...) Sequential Monte Carlo, ...)

. Published papers . Published papers

(Campbell, Fox & Bates , 1999, WRR, 35(1); (Moradkhani, Gupta & Sorooshian , 2005,
Bates & Campbell , 2001, WRR, WRR, 41(W05012); Vrugt, et al.,
37(4); Marshall, Nott & Sharma 2005, 41(W01017), Weerts & El
2004, WRR, 40(W02501); Smith & Serafy, 2006, WRR,
Marshall , 2008, WRR, 44(WO00BO05). 42(W09303);Liu & Gupta , 2007,

WRR, 43(W07401)
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Conceptualised rainfall-runoff models

P ET, a.ER R, R,
Vv v Vv
J J Rq Qf
X1 x2 X3
A 4
. ER
SIMHYD (Chiew et al) Cua (LN RUN
P ET, S !B OFF
exp
EXC =P — INSC, a.ER T
EXC>0 Infiltration excess X4
A EXC |~ runoff_(SRUN) (1-a) ER R. Qs
Interception INF = {EXC, HYMOD (Moore et al)
storage >| min{COEFF Exp(-SQ SMS/SMSC}
Tl Saturation excess runoff and !
REC S interflow (INT) [ rRUN
g \__/ INT = SUB SMS/SMSC INF| OFE
= 2| ET )
3 T T
D | i AU R
Qo Soil moisture
® storage (SMS)
v
groundwater REC = CRAK SMS/SMSC (INF - INT)
storage (GW) Baseflow (BAS = R, GW)
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MCM

C. Metropolis-Hastings sampler

Model parameters Likelihood I
Q={%.%. .9} P(Yar 1%, Q) 1 O exl- [y, - h()T" Ry, - h(x)]}
t=1
Forward model ( time evolution of state) Priors X
X =9(x.1;F. Q) p(Q) =0 p(a)
k=1
Observational model Bayes’ rule
Y =h(x)+n; g ~NQOR) PQIYir; X ) P(Yer [ X475 Q) P(Q)
Initialise Q© Metropolis-Hastings Alg.
Fori =1 N (Hastings 1970) Samples will asymptotically
. . _ converge to the desired
Q ~q(Q |Q"Y) (Proposal) posterior distribution
. test for convergence.
u~U[0]] Gelman & Rubin (1992)
o P(Q) P(Yir [%7;Q) Q"7 Q')
a=min 1, (i-1) . (-1 * (i-1)
P(Q™ ) P(Yir [ % Q7 7)a(Q |Q™7)
If (u<a W=qQ
( ) Q Q National Research ‘mm’
Else Q(I) = Q(I_l) Water for a Healthy Country €S I1RO




Application: parameters of C-
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Delayed-Rejection Adaptive-Metropolis (DRAM)

« DRAM: Efficient adaptive MCMC
— (Haario et al, 2006, Stat. Comput., )

e Two attractive features

— Adaptation
» Covariance on the proposal distribution is constructed using previous values in

the chain
C, L E1,
" s,c0v@Q,,Q,, ,Q.,)+sd, i>i,

— Delayed Rejection

» Reduces the probability of remaining on the current parameter (by having
multiple proposal stages)

* Increases search of parameter space

n 1 PQIPM 1% Q) AQ™ Q)
P(Q" ) p(Ysr [ %r: Q") a(Q; Q")

in 1 p(QZ)p(yn IXﬂ:QZ_)Oll(QI IQZ)OIZ(Q“'” 1Q,) [1- al(Q_I,QZ)]
P(Q" ) p(Yer 1%, Q ) (Q" Y 1Q)0,(Q; 1Qy) 1- a,(Q™?,Q))]

||
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Rainfall [mm/d]

Potential ET [mm/d]

Stream Flow Obs. []

Synthetic runoff generation: Simhyd
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DRAM: Simhyd parameter estimation
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DRAM: Simhyd parameter estimation
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DRAM: Simhyd parameter estimation
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Particle filters: bootstrap filter

State evolution State evolution density
% =9(%.1) *M5, My ~N(O,B) pOX 1 %2) W exp- [% - 9061 BTx - 9(x.)]]
Observation model operator Observation density
v, =h(x)+7.. n.~NQOR) p(y, 1%) 1 ex- [y, - hO)I Ry, - h(x)]}
Look familiar? t=0 Bootstrap filter
- log[p(%, | %.1) P(Y; | %)]+C =<Maximising this |Sample (Gordon et al., 1993)
[x- 9" B X - gk )1+ = x§ ~p(%), i=1 ,N
[y, - h(Xt)]T R-l[ y, - h(x)] <—minimising this. t=1
Fori=1 ,N
Big issue: degeneracy () _ (i)
Over time weights begin to % | P(x |Xt1
concentrate on a few particles h) = p(y, | X[('))
Effective sample size Normalisent) = A" / iNzl A
1 . .
Ney =—= ol Resamplavith replacemen {xt(') , W")}

! t=t+1
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Particle filtering: Hymod parameter estimation
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Particle filtering: Hymod parameter estimation
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Particle filtering: Hymod parameter estimation
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Stream Flow
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Particle filtering: Hymod parameter estimation
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Particle filtering: Hymod parameter estimation



Particle filtering: Hymod parameter estimation



Uncertainty on forcing data, ...

Same:
4 « Parameters,
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Uncertainty on forcing data, ...

Catchment

PPT

data INSC SMSC SuB CRA} K S2
410038 SILO 4.70 373 0.0530 | 0.352 | 0.218 | 0.160

TRMM 0.67 228 0.0873 | 0.712 | 0.117 | 0.395
410048 SILO 2.61 185 0.00133 0.014 0.0135 0.01p1

TRMM 2.34 270 0.00163] 0.03§ 0.023J0 0.01p5

DRAM applied to REAL stream
flow data for two different
catchments (G. Sutton, CMIS)

Two different forcing rainfall
datasets yielding very different
Parameter estimates






