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Input: Input data of Model X', Training target ¥, .
Output-Final integrated model Modelgy,, , and its predicted output ¥.
/iStep1: Construct the Process-Based hydrological model and obtain module outputs
1: Do construct
Modelps( X, Opp) = Modelpg' © Modelps” © .. © Modelpy” = fps"(fin™" (- fion' (X ) Jopy
2: @pp" = argming,, Lpg ( Modelpy( X . Opg) . ¥y ).

3 Let ¥pp = Modelpg( X, Opp") s Zop' = fin' (foa'™ (. fin' (X)) .i<n.

Input Data

¥
b
=
Z
”.
=}
a
S

//Step2: Construct and pre-train the deep learning sub-models
4: Do construct

I

Optimizing Based

Submodule 1

on Model’s
Intermediate
Process

U

Output Data

Intermediate Process Data

Based on

{

Input Data

Submodule II

Hil Optimizing Based
+ ¥ on Model’s Output

U

Reoptimizing

Measured Value}

Modelp; (X, 0)) =15, (X )y,
1 1
50" = argming, ( Lo ( Modelp (X, 8)), Zpg')+ Lpyy (X, Zpg'))

1
in particular | Cpyy, (X, Z =0
6: for i from 2 to n-1do
7: construct Modelpy ( Zep'™" , 8)) = fio ( Zes'™ g,

i = t = i :
8 o' =argming,( L (Modelp ( Zw'™l,0), Zph+ Loy (X, Zws', . Zm")),

I -
in particular | Loy, ( Zo' Zop, .., Zpph) =0
9 end for
10: Do construct
Modelp, "( Zmn_l ‘ﬂn}zﬁny’[ Zmn_l}r.i .

n

) a | ; . .
11: 8,"= argming (L (Modelp "( Zpp™ ™", Fep) , Zeg') + Lopy (X, Zpg™™", Vog)),

n -
in particular , Lppy (X, .., Zog™ L Yop)=0.

//Step3: Assemble sub-modules to form the integrated model
12: Do construct
Modelpy (X, Op; )= -“'Jd'lm.l.o - 0 -\10'1“111.”‘:f1}1_”[8"'l (o' (-8 (o' (X e, -
Where g' is a differentiable function, in particular, g{ X )= X , then ,\‘ludr[l_}l_" = Modelp "
13: Let ¥=Modely (X, 0p), 05" =10,".0,", . .0,")

Output Data

Measured Value Data

//Step 4: End-to-end retraming of the integrated model.

3 i
14: @p " = argming,, (Lp ( Modely (X, Op; ), ¥, )+ Efl Lppy ) -

15: return_Modelg ) = Modelp, (X, O %) Y= Modelg (X ).

Process-Based Model

Pretraining of Submodel

Retraining of Globelmodel
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