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Inspired Optimization

Abst
Floo g the most important hydrological phenomena, and their accurate prediction plays a crucial
role iﬁer resources management and reducing flood-related damages. Despite their widespread
application in flood routing, nonlinear Muskingum models still face challenges in accurately reproducing
complex hydrographs, particularly multi-peaked hydrographs. This limitation is partly related to the fixed
structure of the continuity equation and its inability to reflect temporal variations in the processes affecting
flow storage. In this study, an Adaptive Nonlinear Muskingum Model (ANMM) was proposed, in which a
time-dependent correction factor was incorporated into the continuity equation. This modification enables

the temporal dynamics of storage and the effects of physical processes influencing flow routing, including
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infiltration, evaporation, temporary storage, lateral flows, and hydraulic inertia, to be considered. The
Ecological Cycle Optimization (ECO) algorithm was employed to estimate the parameters of the proposed
model. The performance of ANMM was evaluated using three case studies involving single-peaked and
multi-peaked hydrographs. The results showed that, compared with the benchmark models, ANMM
provided better performance in reproducing the routed hydrographs and achieved significant improvements
in the SSQ, RMSE, MAE, and NSE indices. For the Linsley River, the reduction in SSQ error reached
approximately 97%. In addition, the proposed model demonstrated a greater ability to reproduce peak
discharge and the overall shape of the flood hydrograph. These findings indicate that incorporatidg,temporal

storage dynamics into the Muskingum model structure can improve the accu oQd JFouting,
L)

particularly for complex and multi-peaked hydrographs.
ood Routing; Flood
ameter Optimization.
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Hydrograph Data
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Fig. 1. Structure of the new Muskingum model optimized using the Ecological Cycle Algorithm for nonlinear flood
routing
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Table 2. Comparison of performance indicators between the proposed model and existing methods for the linsley
River flood routing
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Table 3. Comparison of performance indicators between the proposed model and existing methods for the Sutculer

River flood routing
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1- Whale Optimization Algorithm
2- Nonlinear Muskingum Model — Version 1 \
3- Hybrid Particle Swarm Optimization and Direct Search Optlmlzat on

4- Adaptive Nonlinear Muskingum Model

5- Ecological Optimization Algorithm

6- Sum of Squared Errors

7- Sum of Absolute Deviations

8- Deviation of Peak Outflow h
9- Nash—Sutcliffe Efficiency w \
10- Root Mean Square Error
11- Mean Absolute Error

12- Peak Error

13- Roulette Wheel u

w
14- Boya h
15- Lawler
16- Linsley

17- Sutculer n

18- Variable Exponént Parameter)hNonlinear Muskingum Model with Lateral Flow

19- Sine Cosine Algagithm

20- Advancgd Nonlingdr Muskingum Model considering Continuous Flow with Lateral Flow
21- Ngnlingar MusKimigum Fifth-type with Advanced Lateral Flow

22- Harigony ch Algorithm

23- Visi ection Algorithm
24- Sei@aptive Vision Correction Algorithm

25- Artiticial Gorilla Troops Optimizer
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