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Objectives and Storyline
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1. Benchmark the performance of CLM5 based on the default 
hydrologic parameters (Now). 

2. Characterize the effects of hydrologic parameter uncertainty on 
CLM5 streamflow predictions (How). 

3. Perform a global sensitivity analysis to evaluate which CLM5 
parameters most influence a suite of diagnostic hydrologic 
metrics (Why). 

Are the baseline deterministic 
parameters and streamflow 
predictions acceptable?

How is hydrologic parameter 
uncertainty shaping  CLM5’s 
streamflow predictions? 

Diagnostically assess which 
parameterized processes 
control key features of 
streamflow prediction errors.



Study Area: Configure CLM5 from CONUS 1/8° 
gridcell to Basin scale 
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• Selected 464 CAMELS basins 
(natural flow basins) over 
CONUS to represent different 
hydroclimate regimes.

• The basins are classified into 
seven clusters for regional 
analysis using k-means++ 
clustering.



27 Diagnostic Error Metrics
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• A total of 27 diagnostic error metrics

• Different metrics ask different questions, e.g.

Most of literature focused only on 1 or 2 error metrics.

Here:

Hydrological 
Drought

Reservoir 
Operation

Flood 
Management
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1. Benchmark the performance of CLM5 based on the default 
hydrologic parameters (Now). 

2. Characterize the effects of hydrologic parameter uncertainty on 
CLM5 streamflow predictions (How). 

3. Perform a global sensitivity analysis to evaluate which CLM5 
parameters most influence a suite of diagnostic hydrologic 
metrics (Why). 

Are the baseline deterministic 
parameters and streamflow 
predictions acceptable?



Default Parameters Yield Strong Regional Differences 
in KGE Metric
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• KGE ranges in (-∞, 1]

• KGE=1: perfect model 
prediction

• KGE>0.7: acceptable model 
performance

• KGE<0.5: some model skill

• KGE<0: very poor



Performances Vary in Different Time Scales 
(Daily Flow vs. Monthly Flow)
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Poor 

Why you need multiple diagnostic 
error metrics to get the full picture 

Some skill



Default Parameters Yield Strong Regional Differences 
in Flow Volume Bias

8

Even within the same cluster, default 
parameters showed large difference in 
hydrologic predictions across different flow 
regimes. 

• Good annual water balance ≠ Good low 
flow

• Good annual water balance ≠ Good high 
flow
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1. Benchmark the performance of CLM5 based on the default 
hydrologic parameters (Now). 

2. Characterize the effects of hydrologic parameter uncertainty on 
CLM5 streamflow predictions (How). 

3. Perform a global sensitivity analysis to evaluate which CLM5 
parameters most influence a suite of diagnostic hydrologic 
metrics (Why). 

How is hydrologic parameter 
uncertainty shaping  CLM5’s 
streamflow predictions? 



Parameter Uncertainty Characterization (UC)
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• 15 hydrologic parameters that include 
hydrologic processes of surface, 
subsurface, soil, snow, canopy, and 
evaporation.

• Draw 1,500 ensembles using Latin 
Hypercube Sampling (LHS); each 
ensemble = [15 parameter values]

• Total runs:  1,500 x 464 = 696,000 for 
the period 2005–2014



Parameter Uncertainty Strongly Affects Mean Annual 
Flow Prediction
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• Coefficient of Variation (CV) = 
standard deviation / mean

• CV measures the dispersion of 
ensemble predictions.

• If CV=20% and mean=1, it 
suggests the standard 
deviation of ensembles is 0.2.



Parameter Uncertainty Yield Strongly Regional 
Differences in Flow Regime
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Region-averaged 
ensemble spread in 
the monthly flow 
duration curve 
(FDC).

99% quantile 
[14.5, 21.2]; 
46% relative 
diff.

Low Flow                    High Flow



Behavioral Parameters with >1 Constrains
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Low Flow                    High Flow
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1. Benchmark the performance of CLM5 based on the default 
hydrologic parameters (Now). 

2. Characterize the effects of hydrologic parameter uncertainty on 
CLM5 streamflow predictions (How). 

3. Perform a global sensitivity analysis to evaluate which CLM5 
parameters most influence a suite of diagnostic hydrologic 
metrics (Why). 

Diagnostically assess which 
parameterized processes 
control key features of 
streamflow prediction errors.



464 Basin Sensitivity Score to Monthly 
Root-Mean-Square-Error (RMSE) Metric (focusing high 
flow errors)
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• Parameter sensitivity score showed 
regional pattern and related to CLM5 
model structure (e.g., runoff 
generation structure, soil depth) 

• Surface runoff parameter (fff) and soil 
parameters are the most sensitive 
parameters in most of the basin.

• These results can be guided in model 
calibration and provide model 
diagnosis.



Two Parameters Dominate Low Flow and Top 5% 
Parameters Partition (Behavioral Parameters)
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A Basin in Cluster-1 as an example

Behavioral Parameters

• Linear separation 

• Those behavior 
parameters will 
produce enhanced 
ensemble streamflow 
predictions for 
drought studies. 
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Publications, Datasets, and Relevant Presentation

Upcoming presentation. June 13 (Tuesday): 11:00 AM - 11:15 AM

Forcing-dependent parametric uncertainty in community land model simulations: evaluation of hydrologic signatures over the conterminous 

United States by Dr. Hisham Eldardiry

◼ More detailed analysis

◼ Archived datasets

◼ Five meteorological forcing

◼ Default parameter simulation 

◼ 1,300+ ensemble simulation

◼ Parameter sensitivity score to 20+ metrics


