
Summary
The climatology of global surface heat fluxes are

re-evaluated using the maximum entropy

production (MEP) model and surface radiation

fluxes and temperature data of NASA Clouds and

the Earth's Radiant Energy System (CERES)

supplemented by surface humidity data from

Modern-Era Retrospective analysis for Research

and Applications (MERRA). The new MEP-based

global heat fluxes over lands agree with the

previous estimates. The new estimate of ocean

evaporation is lower than previous estimates,

while the new estimate of ocean sensible heat

flux is higher than previously reported. The MEP

model produces the first global ocean surface

heat flux product.
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I. Objective
Re-estimating the radiation energy constrained

global surface heat fluxes using the MEP model.

VI. Uncertainty Analysis

II. MEP Model
A) Latent 𝑬, sensible 𝑯 and ground/ocean

heat flux 𝑸 are solved as the partitioning

of surface radiation fluxes (Wang and

Bras, 2011, Wang et al., 2014):

Net surface heat flux is defined as 

B) Model Input

C) Properties of the MEP Model: 

 closing surface energy budget;

 not using bulk gradients of vapor pressure and 

temperature as model input; 

 not explicitly using wind speed and surface

roughness as model parameters.

D) Model Uncertainty
The uncertainties of the MEP modeled fluxes 𝑿 =
𝑬,𝑯,𝑸 as functions of Rn, s, and 𝜷 ≡ 𝑰𝒔/𝑰𝟎 , 

according to the equations in A), are given as,

𝚫𝑹𝒏, 𝚫𝝈, 𝚫𝜷: uncertainties of model 

input/parameters.  
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𝑅𝑣: 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑟 𝑔𝑎𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (𝐽 𝑘𝑔
−1𝐾−1)

𝐿𝑣: 𝑙𝑎𝑡𝑒𝑛𝑡 ℎ𝑒𝑎𝑡 𝑜𝑓 𝑣𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 (𝐽 𝑘𝑔−1)

𝐶𝑝: 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑜𝑓 𝑎𝑖𝑟 (𝐽 𝑘𝑔−1𝐾−1)
𝑞𝑠: 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 (𝑘𝑔 𝑘𝑔−1)
𝑇𝑠: 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (𝐾)
𝐼𝑠: 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑜𝑓 𝐸𝑎𝑟𝑡ℎ′𝑠 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 (𝑡𝑖𝑢)

𝑅𝑛: 𝑛𝑒𝑡 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛(𝑊 𝑚−2)
𝑅𝑙
𝑛: 𝑛𝑒𝑡 𝑙𝑜𝑛𝑔 𝑤𝑎𝑣𝑒 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛(𝑊 𝑚−2)

𝐼0: 𝑎𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑖𝑟

Land: 𝑹𝒏, 𝑻𝒔, 𝒒𝒔 Ocean: 𝑹𝒏, 𝑹𝒏
𝒍 , 𝑻𝒔

VI. Model Validation

Ocean Surface
MEP fluxes derived from

measured 𝑅𝑛, 𝑅𝑛
𝑙 and 𝑇𝑠

versus observed fluxes

along the California

coast from the CALNEX

cruise, 2010. (Wang et

al., 2014)

Ice Surface
MEP fluxes derived

from measured 𝑅𝑛, 𝑅𝑛
𝑙

and 𝑇𝑠 versus observed

fluxes from the SHEBA

experiment at an ice

pack of the Arctic

Ocean, 1998. (Wang

et al., 2014)

Bare Soil
MEP fluxes derived from

measured 𝑅𝑛, 𝑇𝑠, and 𝑞𝑠
versus observed fluxes at

Lucky Hills site, Walnut

Gulch Experimental

Watershed, AZ, 2007.

(Wang and Bras, 2011)

Vegetated Surface
MEP fluxes derived from

measured 𝑅𝑛, 𝑇𝑠, and 𝑞𝑠
versus observed fluxes

at Harvard Forest, MA,

1994. (Wang and Bras,

2011)

V. Climatology (2001-2010)
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,

𝑹𝒏 − 𝑬 −𝑯 =  
𝑸 𝒍𝒂𝒏𝒅
𝑹𝟎 +𝑸 𝒘𝒂𝒕𝒆𝒓, 𝒔𝒏𝒐𝒘, 𝒊𝒄𝒆

𝑅0 = 𝑅𝑠
𝑛 = 𝑛𝑒𝑡 𝑠ℎ𝑜𝑟𝑡𝑤𝑎𝑣𝑒 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 (𝑊 𝑚−2)

III. Data
Model Input Validation

Representative Values of Derivatives 

and Variable/Parameter Uncertainties

Relative 

Contributions of 

Uncertainties (%)

Trends of Global Annual Mean 

MEP Fluxes and CERES 𝑹𝒏, 2001-

2010

The MEP modeled heat 

fluxes versus 

observations using fine 

(30 mins) and coarse 

(daily mean) resolution 

of input data, Lucky Hill 

Site, AZ, 2010.

MEP Model Sensitivity to the 

Resolution of Input Data

Net ocean heat flux 𝑅𝑛 − 𝐸 − 𝐻 (𝑅0 + 𝑄) and the

change of ocean heat content ( Δ𝑂𝐻𝐶 ) from

National Climatic Data Center (NCDC).

The correlation coefficient is 0.4
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(𝑾𝒎−𝟐 𝒚𝒓−𝟏 𝒑𝒆𝒓 𝒅𝒆𝒄𝒂𝒅𝒆)

Global Annual Mean of Heat Fluxes (𝑾𝒎−𝟐)
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