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The core of surface water hydrology is to understand the rainfall-runoff process, including overland flow and infiltration for subsurface flow, if neglecting minor loss due to interceptions. 
     According to the methods of overland flow and infiltration, we can divide the history of hydrology into three phases: classic hydrology (before 1932); modern hydrology 1.0 (1932—2022); and modern hydrology 2.0 (after 2022). Classic hydrology is represented by the rational method for overland flow and the Richards theory for infiltration. Modern hydrology 1.0 is represented by Sherman’s unit hydrograph model for overland flow and Horton’s exponential law for infiltration. Yet, the rational method assumes the infiltration rate is proportional to rainfall intensity, which is not true in practice; and the Richards theory is self-contradictory in terms of infiltration acceleration (Guo and Jan 2025). The Sherman unit hydrograph is tabular or graphical; and Horton’s infiltration law is empirical and thus lacks physical insight and generality. 
     Recently, we have removed these shortcomings (Guo 2022a, b, c; Guo 2023; Guo et al 2024; Guo 2024; Guo and Jan 2025) by proposing a general unit hydrograph model (GUHM) and a general infiltration law (GIL). 
     The GIL was derived from the porous media continuity and momentum equations (Guo and Jan 2025), where the acceleration is the key to infiltration, and the soil suction is significant only at the initial time. This theoretical law is valid for laminar, transitional, and turbulent infiltrations, namely

	(1)
where f = saturated infiltration rate at time t; (f0, fc, k) = Horton’s model parameters expressing the initial infiltration rate, critical infiltration rate, and decay constant, respectively; and a = turbulent resistance coefficient. In practice, for laminar infiltration (a → 0), Eq. (1) reduces to Horton’s law 

	(2) 
which yields a cumulative infiltration F(t) as 

	(3)
     Elimination of t from Eqs. (2) and (3) results in the explicit Horton infiltration capacity equation (Guo 2024) 

 	(4)
where W(x) = primary branch of the Lambert function. Eq. (4) is the explicit Horton infiltration capacity equation that is also valid for unsaturated infiltration for which F(t) = cumulative rainfall depth. 
     Given the three Horton parameters, using Eq. (4), we can directly separate infiltration and excess rainfall for overland flow from a rainfall hyetograph, regardless of infiltration type (Dunne or Horton overland flow), detailed in Guo and Jan (2025).
     Overland flow is described by the GUHM that approximates watersheds as a linear hydrologic system (Guo 2022b). Given an excess rainfall I(t) in terms of discharge in histogram over a small watershed, the overland flow discharge Q(t) at the watershed outlet is obtained by

	(5)





whereexcess rainfall between timeandand watershed response to a unit rainfall discharge (I = 1 m3/s) that lasts for a duration of . The expression of q reads

	(6)

whereunit storage function (Guo 2022b), 

	(7)
in which

	(8)
is an interim function; and (tp, m, m) = three watershed characteristic parameters representing instantaneous unit hydrograph peak time, rising phase, and decay phase, respectively (Guo 2022a). Eqs. (7) and (8) can reproduce almost all empirical knowledge of surface runoff such as the rational method, Sherman’s unit hydrograph, and the Natural Resources Conservation Service (or SCS) method, for which m = 5, m = 3, and tp = (2/3)tc, where tc = time of concentration. 
    Eqs. (5)-(8) satisfy Chow’s linear hydrologic systems theory and agree with field and laboratory data (Guo 2022a,b,c; Guo et al. 2024); and it can also be extended for subsurface flow (Guo 2022c). An application example of both GIL and GUHM for rainfall-runoff modeling was detailed in Guo (2024) in the Supplemental Materials.
     Briefly, both GIL and GUHM have shifted the current paradigm of rainfall-runoff modeling from an empirical, tabular, graphical method to a theoretical method. Particularly, both models (or laws) are simple and agree with field data, as detailed in references. Therefore, the GIL and the GUHM have advanced surface water hydrology to a new phase. We call it modern hydrology 2.0.
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     His research focuses on understanding natural and engineering flows from first principles and rigorous mathematical reasoning. 
     He made fundamental contributions to hydraulics, sediment transport mechanics, and hydrology. Except for the general infiltration law and the general unit hydrograph model in hydrology, his representative works include: (1) the second log-wake law in river flow, which integrates the effects of river bottom, ice-cover, and wind shear stress into a single equation that reproduces all three different velocity distribution patterns (dip phenomena, boundary layer flow, and S-shape) measured in rivers; (2) the exact solution for asymmetric turbulent channel flow with applications in ice-covered rivers; (3) the boundary shear stress distribution solution in open channel flow from the Navier-Stokes equations, which provides a theoretical method for stable channel design; (4) the empirical model for Shields diagram, which gives explicit solutions for both critical shear stress of bed load initiation and critical sediment diameter in stable channel design; (5) the exact procedure for the Einstein–Johnson sidewall correction in open channel flow, which is required for almost all sediment transport studies in flume tests; (6) the general bed load function, which integrates the conventional statistical method and the deterministic method into one equation that describes bed load transport data obtained in both low and high shear stress; (7) the vertical velocity distributions in vegetated river flows for both emergent and submerged plants; (8) the theoretical laminar velocity distribution in partially-filled pipe flow; (9) the cross-sectional turbulent velocity distributions in conic open channel flows; (10) the semi-analytical model for temporal clear-water scour at prototype piers; (11) the pier scour in clear water for sediment mixtures; and (12) the exact solution to the Navier-Stokes equations for developed radial flow between parallel disks. 
     In addition, his logarithmic matching is widely used for connecting two asymptotic expressions in nonlinear data analysis and modeling.
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