
Sensitivity Analysis 

Francesca	  Pianosi	  

http://www.bytelove.com/images/uploads/Gadgets/linuxgear/x-ray-tux-sticker.jpg 



The Hymod rainfall-runoff model 
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The Hymod rainfall-runoff model 
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Parameters	  

#	   name	   meaning	   min	  value	   max	  value	  

1	   Sm	   maximum	  soil	  moisture	   0	   400	  

2	   beta	   exponent	  in	  the	  soil	  moisture	  rouBne	   0	   2	  

3	   alfa	   riparBBon	  coefficient	   0	   1	  

4	   Rs	   slow	  reservoir	  coefficient	   0	   0.1	  

5	   Rf	   fast	  reservoir	  coefficient	   0	   1	  



The Leaf River 
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Available	  data:	  

Bme	  series	  of	  daily	  rainfall,	  potenBal	  
evaporaBon	  and	  flow	  

[columns	  1,2	  and	  3	  in	  the	  file	  LeafCatch.txt]	  



Programme 
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1.	  Model	  setup.	  Load	  the	  data,	  get	  confident	  with	  the	  Hymod	  model,	  change	  parameters	  
on-‐at-‐the-‐Bme	  

2.	  Sobol	  Analysis.	  Use	  sca[er	  plots	  and	  Sobol’s	  indices	  to	  understand	  what	  are	  the	  most	  
influenBal	  parameters	  

3.	  Regional	  SA.	  Use	  Regional	  SensiBvity	  Analysis	  to	  understand	  what	  parameter	  values	  
produce	  the	  most	  “interesBng”	  output	  values	  

4.	  Valida?on.	  Validate	  the	  results:	  are	  non-‐influenBal	  parameters	  really	  not-‐influenBal?	  



Model setup 
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TO	  DO:	  Load	  the	  first	  two	  years	  of	  data,	  set	  a	  tentaBve	  value	  for	  the	  parameters,	  run	  the	  
model	  and	  compute	  model	  performance	  (suggested	  parameteriza5on:	  [	  0.3,0.1,0.4,0.9,0.8	  ]).	  Then	  
change	  one	  parameter	  at	  the	  Bme	  and	  see	  the	  impacts	  on	  model	  simulaBon.	  

QUESTIONS	  TO	  ADDRESS:	  

1	  what	  parameter	  control	  what	  characterisBc	  (Bming,	  peak,	  recession	  phase,	  etc.)?	  

2	  what	  parameters	  seem	  to	  mostly	  influence	  the	  output?	  
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Sobol’s analysis 
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TO	  DO:	  use	  Use	  sca[er	  plots	  and	  Sobol’s	  analysis	  to	  assess	  output	  sensiBvity	  to	  input	  
parameters	  

QUESTIONS	  TO	  ADDRESS:	  

1	  what	  are	  the	  most	  influenBal	  parameters?	  

2	  are	  there	  parameters	  that	  don’t	  affect	  the	  model	  output?	  
3	  are	  there	  interacBons	  between	  parameters?	  	  

CHOICES	  TO	  BE	  MADE:	  

1	  what	  output	  funcBon	  (RMSE	  or	  BIAS)?	  

2	  how	  many	  samples?	  sugges5on:	  at	  least	  500	  
3	  what	  range	  of	  variaBons	  for	  parameter	  sampling?	  sugges5on:	  start	  with	  the	  following:	  

#	   name	   min	  value	   max	  value	  

1	   Sm	   0	   400	  

2	   beta	   0	   2	  

3	   alfa	   0	   1	  

4	   Rs	   0	   0.1	  

5	   Rf	   0	   1	  



Sobol’s analysis 
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Random	  sampling	  
of	  parameter	  space	  

Model	  evaluaBon	  
against	  sampled	  
parameter	  sets	  

par_sample	

functions:	
J = RMSE_hymod(par_sample)  
J = BIAS_hymod(par_sample)	

J	

Visualize	  results	  by	  
sca[er	  plots	  

functions:	
scatter_plots_1(par_sample,J)
scatter_plots_2(par_sample,J,1)	

functions:	
par_sample = LHC(N_sample,N_par)	

1  2  … N_par	
1	
2	
… 	

N_sample	

1	
2	
… 	

N_sample	

Compute	  sensiBvity	  
indices	  

functions:	
sobol2002(...)	



Interpretation of sensitivity indices 
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main	  (first-‐order)	  effect	  	   contribuBon	  to	  the	  output	  variance	  from	  varying	  the	  i-‐th	  factor	  
alone	  (but	  averaged	  over	  variaBons	  in	  other	  factors)	  

• 	  it	  varies	  between	  0	  and	  1	  
• 	  if	  equal	  to	  0,	  then	  the	  factor	  has	  no	  direct	  influence	  on	  the	  output	  
(but	  it	  might	  sBll	  have	  some	  in	  interacBon	  with	  other	  factors!)	  
• 	  the	  higher	  it	  is,	  the	  more	  influenBal	  the	  factor	  
• 	  the	  sum	  of	  all	  main	  effects	  is	  <=	  1.	  If	  it	  is	  equal	  to	  1,	  then	  there	  are	  no	  interacBons	  between	  
the	  factors	  

total	  effect	  	   total	  contribuBon	  to	  the	  output	  variance	  of	  the	  i-‐th	  factor,	  
including	  its	  direct	  effect	  and	  interacBons	  with	  other	  factors	  

• 	  it	  varies	  between	  0	  and	  1	  
• 	  if	  equal	  to	  0,	  then	  the	  factor	  has	  no	  influence	  on	  the	  output	  
• 	  if	  equal	  to	  the	  main	  effect,	  then	  the	  factor	  has	  no	  interacBons	  
• 	  the	  sum	  of	  all	  total	  effects	  is	  >=	  1.	  If	  it	  is	  equal	  to	  1,	  then	  there	  are	  no	  interacBons	  between	  the	  
parameters	  
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Model runs: 1750 	

First order indices:	
      original	
X1 -0.05269858	
X2  0.04198685	
X3  1.03302660	
X4  0.21026803	
X5  0.41281105	

Total indices:	
      original	
X1  0.12095364	
X2  0.09252351	
X3  0.05504981	
X4 -0.05433554	
X5  0.16830354	

X1 X2 X3 X4 X5
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RMSE (500+500 samples; 1750 model runs)250+250!
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X1 X2 X3 X4 X5
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500+500	  samples	   1000+1000	  samples	   2000+2000	  samples	  
3500	  model	  eval.	   7000	  model	  eval.	   14000	  model	  eval.	  

5	  bootstrap	   5	  bootstrap	   5	  bootstrap	  
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RMSE	

Model runs: 14000 	

First order indices:	
      original        bias std. error   min. c.i.  max. c.i.	
X1 0.004102519 0.005876369 0.06427890 -0.10459693 0.05060798	
X2 0.140609101 0.040951668 0.09345421 -0.04969116 0.20308041	
X3 0.244110127 0.040567282 0.13374078 -0.01385408 0.32530681	
X4 0.063727981 0.012677188 0.06158650 -0.01731126 0.13505775	
X5 0.180457172 0.086434621 0.22045524 -0.15187148 0.39304349	

Total indices:	
     original         bias std. error    min. c.i. max. c.i.	
X1 0.04122302 -0.007442648 0.06398023 -0.007233109 0.1433764	
X2 0.01006922 -0.034253284 0.08369366 -0.047121912 0.1799434	
X3 0.75051932 -0.022429233 0.10447018  0.689247187 0.9508929	
X4 0.08381316 -0.011626440 0.06973402 -0.010877402 0.1634526	
X5 0.52881529 -0.078149977 0.23409356  0.294918148 0.8485695	

2000+2000	  samples	  
14000	  model	  eval.	  

5	  bootstrap	  
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Call:	
sobol2002(model = BIAS_hymod, X1 = X1, X2 = X2, nboot = 5)	

Model runs: 3500 	

First order indices:	
      original         bias  std. error   min. c.i.  max. c.i.	
X1 0.036591660 -0.009945937  0.02363795  0.02063964 0.08181263	
X2 0.911029557  0.056693765  0.09680520  0.74806117 1.01058792	
X3 0.074143042 -0.007407042  0.02993538  0.04924909 0.11950590	
X4 0.037898682 -0.011928768  0.03762801  0.02171990 0.10648071	
X5 0.005325948  0.009013398  0.01910322 -0.02114296 0.02197989	

Total indices:	
      original          bias std. error    min. c.i.  max. c.i.	
X1  0.05882447 -0.0005437598 0.03247304  0.019874799 0.09422188	
X2  0.93972545 -0.0074142255 0.15113875  0.730617934 1.13348750	
X3 -0.01556458 -0.0075918621 0.02515144 -0.037759029 0.01497776	
X4  0.12808014 -0.0009625247 0.04641091  0.066624131 0.18372821	
X5  0.05522033  0.0081164921 0.03595116 -0.002966941 0.08784009	

X1 X2 X3 X4 X5
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Regional Sensitivity Analysis 
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TO	  DO:	  	  
Use	  Regional	  SensiBvity	  Analysis	  to	  understand	  what	  parameter	  values	  map	  into	  
“interesBng”	  (e.g.	  “behavioural”)	  output	  values	  

QUESTIONS	  TO	  ADDRESS:	  

1	  what	  parameters	  are	  more	  influenBal	  in	  obtaining	  “behavioural”	  output	  values?	  	  

2	  are	  results	  consistent	  with	  Sobol’s	  analysis?	  

CHOICES	  TO	  BE	  MADE:	  

1	  what	  output	  funcBon	  (RMSE	  or	  BIAS)?	  

2	  how	  many	  samples?	  	  
3	  what	  threshold	  value	  to	  discriminate	  between	  “behavioural”	  and	  “not-‐behavioural”?	  
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RMSE	

Samples: 500	
Threshold: 3 (m3/s)	
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BIAS	

Samples: 500	
Threshold: 0.5 (m3/s)	
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Validation 
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TO	  DO:	  

Use	  “validaBon”	  plots	  to	  assess	  the	  robustness	  of	  the	  results	  found	  so	  far.	  

QUESTIONS	  TO	  ADDRESS:	  

are	  non-‐influenBal	  parameters	  really	  not	  affecBng	  the	  model	  output?	  

Y"

Y1
"

Y"

Y2
"

Y = model output when 
all factors vary"

Y1 = model output when 
all factors vary  
but the i-th (which is set 
to its optimal value)"

Y2 = model output when 
all factors are set to their 
optimal values  
but the i-th (which is let 
vary)"
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BIAS	

Samples: 500	
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