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The hydrological cycle

https://www.open.edu/openlearncreate/mod/oucontent/v
iew.php?id=79936&section=3



Data

● Discharge measurements from farthest downstream stations for 42 large scale basins from
○ Global River Discharge Center
○ China Statistical Yearbook
○ River Discharge Archive

on a (1.25° lat x 1.875 lon resolution)

● Historic land surface conditions (1901 - 1999) from  observational-based meteorological forcing 

dataset CRU-NCEP v4

● Annual atmospheric CO
2 

concentration data from Keeling and Whorf

● LUC data from HYDE dataset

● Nitrogen composition from ACCMIP



JULES-C and JULES-CN model



The driving factors

CLIM CO
2  

● Precipitation (amount and intensity)
● Temperature
● Wind speed
● Radiation

Factors of direct and indirect influence on runoff.

● Indirect through evapotranspiration.
● Impact of climate change on vegetation growth, plant 

respiration, phenology

Increase in CO
2

 affects runoff in two compensatory ways:

● Enhanced vegetation growth
- Increase in leaf area index (LAI)
- Extended growing season
- Increases evapotranspiration
- Decline in runoff

● Reduction in stomatal conductance
- Increase in water use efficiency
- Reducing evapotranspiration
- Increase in runoff



The driving factors

CN & NDE LUC

Carbon Nitrogen interactions & Nitrogen Deposition

● Limitation in CO
2

 - fertilization due to terrestrial 
nitrogen availability.

● Atmospheric nitrogen could enhance plant growth 
in nitrogen-limited systems

● Enhances evapotranspiration
● Decreases runoff

Land Use Change

● Alters in canopy interception
● Soil infiltration
● Evapotranspiration
● Land surface albedo (reflection)

Can influence runoff in either way



The nitrogen cycle

https://earthhow.com/
nitrogen-cycle/

https://earthhow.com


The driving factors

AER O
3

Atmospheric Aerosols

● Can enhance photosynthesis via increased diffuse 
radiation conditions
- Alternating water balance of ecosystems and 
therefore evapotranspiration
-  Might results in change of runoff

Tropospheric Ozone

● Affects plant stomata
● Reduces photosynthesis rates
● Reduction in transpiration rates
● Enhancing runoff



Large scale basins



Performance of the Jules-CN model



Factor contribution to global runoff trends

● Good performance on most basins 
like Congo, Mississippi and 
Yangtze

● Improvable model performance in 
Eurasian Arctic rivers, Amazon and 
Pakistan

● AER and O3 as relatively small 
drivers of global runoff



Factor contribution to global runoff trends



Drivers of global river runoff trends

● For over 82% of land cover CLIM is the 
largest driving factor
- 38% positive impact
- 44% negative impact

● CO
2 

as the second-largest driving 
factor, followed by LUC

● CN&NDE as second largest driver in 
nitrogen limited regions: Australia and 
boreal  regions in high latitudes.



Contribution of factors of 
global runoff trends

● CO
2

 as the most important 
driver of global runoff trend

● LUC and CN&NDE as the 
second most important drivers 
for runoff trends. 



Increased CO2 and its effect

CO
2

 fertilization effect Direct physiological effect

● Changes in vegetation structure
● Stimulates photosynthesis
● Rise of biomass 

○ Increase of transpiration by increased 
stomata and LAI

○ Increase in canopy interception loss
○ Soil evaporation decreases. 

● Reduction of local runoff

● Stomatal closure
● Transpiration decrease
● Increase in local runoff

Runoff in drylands has decreased, but in wet regions it has increased.



Changes in forest and cropland cover fractions

● In the Amazonian region:
JULES-CN model suggest that when 
forest is replaced by cropland ET 
decreases. 

○ results in runoff increases

● Replacement of croplands in 
Southeast China leads to an increase 
in ET

○ results in decrease of runoff



The hydrological cycle



Comparison of JULES-C and JULES-CN model



Take home message

● Including the nitrogen cycle in models of runoff trend prediction leads to better results

● CO
2

  as the most important driving factor on a large (global) scale

● Climate as the most important driving factor on a local scale

(climate mostly impacts in precipitation)

● Modelling the terrestrial nitrogen cycle in general suppresses runoff decreases induced by the CO
2

 

fertilization effect


