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Monsoon
Daily Rainfall Patterns:
Á Clouds and rainfall form 

earliest over high topography, 
rainfall is light

Á Storms grow and organize 
later in the afternoon, 
growing taller and with 
heavier rainfall

Á Large, organized 
thunderstorms exist in the 
evenings over low elevation 
areas

Á Light, shallow rainfall occurs 
at night

Á Growth of storms appears to 
be linked to moisture 
availability, and other 
dynamics

Land-Atmosphere Coupling Investigations



Basic Principles on Coupled HydrometeorologicalProcesses

CƻǳƴŘŀǘƛƻƴŀƭ ǉǳŜǎǘƛƻƴǎΧ

ÅHow do changes in soil moisture 
impact land-atmosphere 
exchange in the N. American 
Monsoon region?

CƻǊ ƭŀǘŜǊΧ

ÅHow do routing processes in 
complex terrain influence these 
circulations?
ÅIs there a detectable difference 

from an NWP/QPF perspective?



Outline

ÅBasic Principles on Coupled HydrometeorologicalProcesses and 
Research Question

ÅWRF-Hydro System Description

ÅUncoupled model deployment and evaluation 

ÅFully-coupled land-atmosphere couplinginvestigations



Basic Principles on Coupled HydrometeorologicalProcesses

ÅThermally-ŘǊƛǾŜƴ ŎƛǊŎǳƭŀǘƛƻƴǎΧΦǳƴŘŜǊ ΩƭƛƎƘǘ-windΩ ŎƻƴŘƛǘƛƻƴǎΧ

Images courtesy Zardiand Whiteman, 2012



Basic Principles on Coupled HydrometeorologicalProcesses

Å{ǳǊŦŀŎŜ 9ƴŜǊƎȅ CƭǳȄ tŀǊǘƛǘƛƻƴƛƴƎΧ
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Basic Principles on Coupled HydrometeorologicalProcesses

ÅThermally-ŘǊƛǾŜƴ ŎƛǊŎǳƭŀǘƛƻƴǎΧΦŦƻǊƳŀƭƛȊŀǘƛƻƴ
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A community-based, supported coupling architecture designed to provide:

1. An extensible multi-scale &multi-physicsland-atmosphere modeling capability for conservative, coupled and 
uncoupled assimilation & predictionof major water cycle components such as precipitation, soil moisture, 
snowpack, groundwater, streamflow, inundation

2. Ψ!ŎŎǳǊŀǘŜΩ ŀƴŘ ΨǊŜƭƛŀōƭŜΩ ǎǘǊŜŀƳŦƭƻǿ ǇǊŜŘƛŎǘƛƻƴ ŀŎǊƻǎǎ ǎŎŀƭŜǎ όŦǊƻƳ л-order headwater catchments to 
continental river basins & minutes to seasons)

3. Research modeling testbed for evaluating and improving physical process and coupling representations

WRF-HydroModeling System

Can be run fully-coupled with WRF or in an offline mode, driven by prescribed 
meteorological data

Website:   https://www.ral.ucar.edu/projects/wrf_hydro

https://www.ral.ucar.edu/projects/wrf_hydro


Column Land Surface Models: 
Noah/NoahMP/SAC-HTET*

Terrain Routing Models:
Overland, subsurface flow

2-way coupling

Channel & Reservoir
Routing Models:

Hydrologic and Hydraulic

Output Variables:
Evapotranspiration
Soil moisture/Soil Ice
Snowpack/snowmelt
Runoff
Radiation Exchange
Energy Fluxes
Plant Water Stress

Output Variables:
Stream Inflow, Surface Water Depth, Groundwater Depth, Soil Moisture

Output Variables:
Streamflow
River Stage

Flow Velocity
Reservoir Storage 

& Discharge

1-way coupling or 
2-way coupling

WRF-Hydro system description



Basic Principles on Coupled HydrometeorologicalProcesses

ÅOrganization of spatial variability



Basic Principles on Coupled HydrometeorologicalProcesses

ÅOrganization of spatial variability



Experimental Approach:

Å{Ŝǘ ǳǇΣ ŎŀƭƛōǊŀǘŜ ŀƴŘ ŜǾŀƭǳŀǘŜ ΨǳƴŎƻǳǇƭŜŘΩ ƳƻŘŜƭƛƴƎ ŎƻƳǇƻƴŜƴǘǎ 
only

ÅEstablish fidelity vs. available terrestrial hydrologic observations
ÅFlux tower data

ÅMODIS LST and derived ET

ÅSet up experimental coupled model simulations:

ÅExamine sensitivity of atmospheric structure to surface hydrologic 
initialization 



WRF-Hydro Implementation in NW Mexico:

ÅLƴƛǘƛŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ŎŀƭƛōǊŀǘƛƻƴΧ


