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Sacramento Soil Moisture Accounting 
SAC-SMA Model 

• Process based conceptual model 
• A simplified description of physical processes:
Mass balance - soil profile as a series of connected reservoirs
with capacities and release coefficients

• Areal Lumped – basin scale
• Mean areal fluxes
• effective time invariant  parameters
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Three general type of soil water content that influence the runoff 

 Tension water
▪ The part that can be separate from the soil and returned to the atmosphere through ET
▪ Water that is held against gravity due to force attraction by the soil molecules
▪ Depend on soil climate and land cover 

 Free water
▪ Water in the liquid state that is free to travel
▪ This is the water that will supply all the deficiencies in the model compartments (i.e., tension, percolation into the lower zone)
▪ The lateral flow is generated from the free water
▪ When rainfall intensity is larger than the percolation rate than the excess rain will generate surface flow. 

 Interception
▪ The potion of rain that is remained on the vegetation
▪ A moisture storage that affect the rainfall-runoff regime
▪ The intercepted water is temporarily interfere with the ET from the tension water storage.
▪ Form modeling perspective the intercepted water is included in the tension storage. 
▪ Problem might occur in areas with large annual variability in interception 

In general:
Smaller soil particles (clay) have larger tension water storage
Large soil particles (sand) have larger free water storage

References: 
http://www.nws.noaa.gov/oh/hrl/nwsrfs/users_manual/htm/formats.php
Burnash, R.J.C., 1995  

SAC-SMA Principles

http://www.nws.noaa.gov/oh/hrl/nwsrfs/users_manual/htm/formats.php




PXADJ Precipitation adjustment factor
PEADJ ET-demand adjustment factor
UZTWM Upper zone tension water capacity (mm)
UZFWM Upper zone free water capacity (mm)
UZK Fractional daily upper zone free water withdrawal rate
PCTIM Minimum impervious area (decimal fraction)
ADIMP Additional impervious area (decimal fraction)
RIVA Riparian vegetation area (decimal fraction)
ZPERC Maximum percolation rate coefficient
REXP Percolation equation exponent
LZTWM Lower zone tension water capacity (mm)
LZFSM Lower zone supplemental free water capacity (mm)
LZFPM Lower zone primary free water capacity (mm)
LZSK Fractional daily supplemental withdrawal rate
LZPK Fractional daily primary withdrawal rate
PFREE Fraction of percolated water going directly to lower zone free water storage
RSERV Fraction of lower zone free water not transferable to lower zone tension water
SIDE Ratio of deep recharge to channel baseflow
ET Demand Daily ET demand (mm/day)
PE Adjust PE adjustment factor for 16th of each month 

Parameters



ADIMC Tension water contents of the ADIMP area 
(mm)

UZTWC Upper zone tension water contents (mm)
UZFWC Upper zone free water contents (mm)
LZTWC Lower zone tension water contents (mm)
LZFSC Lower zone free supplemental contents 

(mm)
LZFPC Lower zone free primary contents (mm)



Upper Zone Soil Moisture  
XTo XFo

XF  

XT 

ASM = (XT + XF) / (XTo + XFo)

9



Free

Lower Zone

Percolation

Interflow

Surface-flow

ET Rain

Tension 



Determination of FFG using thresh-R 
and rainfall –runoff curve

Georgakakos  2006  JH 317:81-103 

FFG

Rainfall Depth 

Rainfall depth \surface runoff
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 Effective rainfall is the residual amount after accounting for all losses 
such as interception and soil moisture storage 

 FFG is the amount of actual rainfall of a given duration falling over the 
watershed that causes flooding at the outlet of the drainage stream.

 FFG is derived from threshold runoff through soil moisture modeling and 
accounting for all losses in the transformation of rainfall to runoff 

 Threshold Runoff is a one-time calculation for a given watershed 
whereas FFG is computed on a real-time basis 
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Soil Moisture Accounting Model A priori Parameter 
Estimation

Soil Texture  Soil Hydraulic Properties(moisture content in wilting point 
, field capacity and saturation and Ks )    SMA model parameters

13



Soil Texture (FAO)

Soil Depth(FAO)
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 PET used to determine soil moisture loss to evaporation/vegetation.

 Implementation is data driven:
 Daily or climatological (monthly)
 Pan Evaporation Data
 Temperature-index methods (require temperature data)
 Radiation based methods (require solar radiation/wind obs)
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Detailed dynamic energy and aerodynamic equation  (e.g. Penman-Monteith)

𝐸𝐸𝑇𝑇𝑑𝑑 = 𝜆𝜆−1
Δ(Rn – G)  +  187200γ(𝑒𝑒𝑎𝑎 −  𝑒𝑒𝑑𝑑)

ra(T + 273)
∆  +  𝛾𝛾(1 + 𝑟𝑟𝑐𝑐

𝑟𝑟𝑎𝑎
)

 

Radiation fluxes Meteorological variables 

Vegetation (canopy) Characteristics
Wetness Dependence 
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Evapotranspiration Demand ETD
Jensen-Haise: Radiation-based method with two parameters

For basin scale hydrologic models and operational environments, ETD procedures that are based on 
extraterrestrial radiation and climatic surface temperature outperform more complex models (e.g., Penman Monteith)

J-H Evapotranspiration Demand in a given location (mm/day):

PE  =  [Re (Ta -K2) ]/ K1(λ ρ)  
for Ta > K2

• Re - Daily potential Incoming extraterrestrial radiation  (Mj m-2 d-1); 
• f{latitude, Julian date)

• Ta- Long term daily averages of surface temperature (minT+maxT)/2
• f{Julian date, elevation)

• K2 (°C) – minimum temperature for which PE=0 (~5 oC)
• K1 (°C) – scale parameter (75-130)   (assigned to 90)
• λ – Latent heat of water (Mj kg-1)
• ρ - density of water (kg m-3)

Jensen & Haise 1963
McGuinness & Borden  1973 
Oudin et al 2005 

CRU-U of East Anglia, UK
Monthly climatology of mean daily 
Ta and diurnal Ta range 
(1961-1990; 10 min scale)
New et al. 2002 25
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Pearson Correlation Coef.  0.83
K1 - 50
k1-70
K1- 100

179 station with climatological Pan evap monthly 
values.  About 26 year per stations  
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Turkey Pan Evap
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PET Comparison with Pan Evaporation
Turkey 
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