Advancing Ecohydrological Modelling with Coupled ParFlow-LPJ-GUESS: Role of Lateral Flow in Vegetation and Hydrology Simulations
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1. What role does groundwater play in Earth System Modeling? “ 5. Lateral flow drives vegetation greening

e Increasing research indicates that as the increase of groundwater, not only regulate soil evaporation (E) and e TR B See e [ e e [ Model Validation: Evapotranspiration, Soil Moisture 5. Anomalous greening persists in drought years despite precipitation deficits.
a) ALAI peaks in notably dry years (2009, 2011, 2013, 2015), while precipitation
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vegetation transpiration (T), it significantly enhance the proportion of vegetation transpiration. i N i ) ) i i
. Lo i ) . ) ] . 1. The coupled model ParFlow-LPJ-GUESS (PF-LPJG) improves 3. PF-LPJG significantly improves the simulation of soil moisture and anomaly shows no significant relationship with ALAI (p = -0.224, ns)
e Hydrology in ecosystem model is often depicted as one-dimensional (1-D, vertical), neglecting the three-di- ¢ p imulat ithout ¢ librat dwater d : ricularly within the 0-5 ith y g P p=-U.224,ns).
mensional (3-D, vertical + lateral) movement. streamflow sllmu ?] on \Aéll out any parameter cla i rz on. o groundwater dynamics (particularly within the 0-5 m range), wi b) AET remains elevated or even peaks in dry years (1990, 2007), with precipita-
. . a) Biases in low flows during spring snowmelt and peak flows the most pronounced gains under drought conditions. . U ; .
e \egetation and water are tightly coupled—but often modelled separately. during summer rainfall are notably reduced 4. PE-LPIG bett p fial patt ¢ A irat ) tion explaining little variance in AET.
. . . . . . . . PF- etter reproduces spatial patterns of evapotranspiration C ; ; . .
e Coupled models reveal feedbacks that are otherwise missed, improving both understanding and projections. o . i ) . . . Lateral flow sustains ET during drought, decoupling vegetation water use
b 2. More than 80% of gauging stations achieve KGE > 0.5 and Spear- broadly consistent with GLEAM observations. fromlocal rainfall
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- : | — ) man’s p > 0.8. 6. At equal drought intensity, pixels with stronger lateral flow show larger ALAI
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