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Rainfall in Ethiopia  

• Rainfall in Ethiopia is the results of multi weather 

systems  

• Sub Tropical Jet (STJ) 

• Inter Tropical Convergence Zone (ITCZ)  

• Read Sea Convergence Zone (RSCZ)  

• Tropical Easterly Jet (TEJ) and Somalia Jet (NMA, 1996).  

• The rainfall in the country is characterized by  

• seasonal and inter-annual variability.  

• topography variability of the country 

• It makes the rainfall system of the country more 

complex.  

Rainfall in Ethiopia  



Rainfall data from: Rain Gauges 

KEY STRENGTHS : 

―True‖ measurement of rain 

 

KEY LIMITATIONS: 
 No coverage over oceans or remote regions 

 Point measurement not representative of area 

 Different gauge designs 



Rainfall data from: RADAR 

KEY STRENGTHS : 

 Excellent space and time resolution 

 Observations in real time 

 

KEY LIMITATIONS: 

 Little coverage over oceans or remote regions 

 Signal calibration 

 Corrections required for beam filling, bright band, 

anomalous propagation, attenuation, etc. 

 Z-R relationship 

 Expensive to operate 



Rainfall data from-Model 
KEY STRENGTHS : 

 Excellent space and time resolution 

 Estimates in real time 

 Includes meteorological context from other model fields 

 

KEY LIMITATIONS: 

 Forecast, not observation 

 Model does not represent processes perfectly 



Rainfall data from:  

  Geostationary Satellite (IR) 

KEY STRENGTHS : 

 Good space and time resolution 

 Observations in near real time 

 Samples oceans and remote regions 

 Consistent measurement system 

 

KEY LIMITATIONS: 

 Measures cloud-top properties instead of rain 

 May mistake cirrus for rain clouds 

 Does not capture rain from warm clouds 



Rainfall data from:  

Polar Orbiting Satellite (Passive Microwave) 

KEY STRENGTHS : 

• Samples remote regions 

• Consistent measurement system 

• More physically based, more accurate than VIS/IR estimates 

 

KEY LIMITATIONS: 

• Poorer time and space resolution  (~3 hr, ~5-50 km) 

• Not a direct measurement of rain 

• Beam filling 

• Does not capture rain from warm clouds over land 



Rainfall data from:  

ATMOSPHERIC REANALYSIS 
KEY STRENGTHS : 
 Consistent spatial and temporal resolution over 3 or more decades 

 model resolution and biases have steadily improved 

 enabling a number of climate processes to be studied 

 Reanalysis data sets are relatively straightforward to handle from a processing 

standpoint (although file sizes can be very large) 

 

KEY LIMITATIONS: 

 Observational constraints, and therefore reanalysis reliability, can 

considerably vary depending on the location, time period, and variable 

considered 

 The changing mix of observations, and biases in observations and 

models, can introduce spurious variability and trends into reanalysis 

output 

 Diagnostic variables relating to the hydrological cycle, such as 

precipitation and evaporation, should be used with extreme caution 



When would you use satellite rainfall 

estimates in real time? 

 When you don't have gauge or radar data 

 

 When you don't entirely trust the model 

 

 To get supporting evidence for model predictions 

 

 Typical situations: 

◦ Tropical convection 

◦ Mid-latitude convection 

◦ Storms moving on shore from sea (especially tropical 

cyclones) 



Working with Satellite Rainfall Data 

 Theory/basis 

 Specific Algorithms and Examples  

◦ IR Algorithms 

◦ Microwave Algorithms 

◦ Blended Algorithms 

 Atmospheric Reanalysis 



Principle:   
• Rainfall at the surface is related to cloud top properties 

• Reasonable assumption for convective clouds 

• Poor assumption for Strait form clouds (warm, but wet) or cirrus 

clouds (cold, but rain-free) 

 

VIS reflectivity 
 
 Brighter (thicker clouds)    heavier rainfall 

 Dark        no rain 

 

IR brightness temperature 
 
 Colder (deeper clouds)    heavier rainfall 

 Warm         no rain 

 

NIR brightness temperature 
 
 |TNIR-TIR|~0 (large drops or ice)   rain more likely 

 |TNIR-TIR|>0 (small water drops)          no rain 

IR Rainfall Estimates 



IR Algorithms:  
GOES Precipitation Index (GPI) 

Simple threshold method: 

R = 3.0 mm/hr * (fraction of pixels with TB  235K) 

Arkin (1979) 

• Works better over large areas and long times (i.e., monthly) 

• Better suited to convective rainfall 



Global Annual Rainfall from GPI 

Bob Joyce, NCEP 

http://tao.atmos.washington.edu/data_sets/gpi 

http://tao.atmos.washington.edu/data_sets/gpi
http://tao.atmos.washington.edu/data_sets/gpi


IR Algorithms:  Hydro-Estimator (H-E) 

 The operational satellite rainfall algorithm at NESDIS since August 2002 
 

 Uses 10.7-μm (T10.7) brightness temperature to determine raining areas 

and rain rates 
 

 Rain rates are a function of both T10.7 and its value relative to the local 

average—further enhancement of rain rates in precipitating cores 
 

 Assigns rain only to regions where T10.7 is below local average; i.e. active 

precipitating cores  
 

 Adjustments using Numerical Weather Prediction Model Data, including: 

◦ Relative humidity to reduce precipitation in arid regions with 

significant sub-cloud evaporation of raindrops 

◦ Wind fields interfaced with digital topography to determine 

orographic enhancements or reductions of precipitation 

◦ parallax in regions away from satellite sub-point  



R = Rfit* RH correction factor * growth correction factor 

 

IR Algorithms:  Hydro-Estimator (H-E) 

Sample Hydro-Estimator Rain Rate Curves as a Function of Perceptible 

Water 



Availability 
 Produced every 15 minutes over the continental United States 

using GOES-10 and -12 data 

 

 Produced in other regions throughout the globe whenever IR 
imagery are available 

 

 Instantaneous rates are summed into 1-, 3-, 6- and 24-hourly 
totals 

 

 Available in real-time for entire Western Hemisphere over the 
Internet from the NESDIS Flash Flood Home page 

 

 Contact:  Rod Scofield at Roderick.Scofield@noaa.gov 

http://orbit-net.nesdis.noaa.gov/arad/ht/ff/auto.html 

IR Algorithms:  Hydro-Estimator (H-E) 



H-E—Example 

24-h Total Ending 1200 UTC 7 October 2003 

T.D. Nora 

T.D. Olaf 



IR Algorithms:  GMSRA 

GMSRA=GOES Multi-Spectral Rainfall Algorithm 

 Uses Data from 4 Different Channels: 
◦ Visible (0.69 μm)—discriminate between thin (non-raining) 

cirrus and thicker (raining) clouds 

 

◦ ―Short‖ IR Window (3.9-μm)—use reflectivity to identify 
clouds that are warm but have large particles near cloud-
top and are thus producing rain 

 

◦ Water Vapor (6.7-μm)—warm signature above 
overshooting cloud tops differentiates from cirrus 

 

◦ IR Window (10.7-μm)—texture screening of cirrus clouds 
(low texture=cirrus; high texture=rain) and calculation of 
rainfall rate (but dependent only on value at pixel of 
interest) 



Rain indicator: 

VIS:  a  0.40 

NIR:  re (eff. radius)  15 mm 

  OR 
 

T11-T6.7:  Negative for deep 

 convective cores (T11< 230K) 

 

Rain amount: 

R = probability of rain(T11) * mean rain rate (T11)  * RH 

correction factor * growth correction factor 

IR Algorithms:  GMSRA 



 Adjustment for rainfall evaporation using perceptible water 
and relative humidity data from numerical weather models 

 

 Produced every 15 minutes for the continental United States 
using GOES-10 and -12 data 

 

 Instantaneous rates are summed into 1-, 3-, 6- and 24-hourly 
totals 

 

 Available in real-time over the Internet from the NESDIS 
Flash Flood Home page 

 

 Contact:  Mamoudou Ba at mba@atmos.umd.edu 

http://orbit-net.nesdis.noaa.gov/arad/ht/ff/gmsra.html 

IR Algorithms:  GMSRA 



GMSRA—Example 

24-h Total Ending 1200 UTC 6 October 2003 



 Scattering:  ice in clouds scatters (warm) terrestrial radiation 
downward, producing cold areas in imagery. Rainfall rates are 
related to the magnitude of the resulting brightness temperature 
depression. 

◦ Strength:  can be applied to high-frequency channels where 
surface effects are not detected:  works over both land and 
ocean 

◦ Weakness:  poor at detecting precipitation clouds with little 
or no ice (e.g. warm orographic clouds in the tropics)  

 Emission:  water in clouds emits radiation, can be seen against a 
radiatively cold background (i.e. oceans). Rainfall rates are related 
to the magnitude of the resulting brightness temperature 
difference 

◦ Strength:  Sensitive to clouds with little or no ice 

◦ Weakness:  must know terrestrial radiances without cloud 
beforehand; generally applicable over oceans but not land 

 

Microwave (MW) Rainfall Estimates 



Principle:   
Rainfall at the surface is related to microwave emission from rain drops 

(low frequency channels) and microwave scattering from ice (high 

frequency channels): 
 

Low frequency (emission) channels - ocean only 
 
 Warm   many raindrops, heavy rain 

 Cool    no rain 
 

High frequency (scattering) channels 
 
 Cold   scattering from large ice particles,  heavy rain 

 Warm   no rain 

Excellent reference:  http://www.nrlmry.navy.mil/~kuciausk/esis  

Microwave (MW) Rainfall Estimates 

http://www.nrlmry.navy.mil/~kuciausk/esis
http://www.nrlmry.navy.mil/~kuciausk/esis
http://www.nrlmry.navy.mil/~kuciausk/esis


MW Algorithms:  SSM/I 

SSM/I=Special Sensor Microwave/Imager 
 Seven channels:  19, 22, 37, and 85 GHz with both horizontal (H) and 

vertical (V) polarization (except no H on 22 GHz) 
 

 Two separate algorithms: 

◦ Emission: TB at 19V, 22V used to create ―clear-sky‖ 37V values—degree of 
warming of observed 37V related to rainfall rate over water in regions of 
weak scattering 

 

◦ Scattering:  TB at 19V, 22V used to estimate ―clear-sky‖ 85V values—degree of 
cooling of observed 85V related to rainfall rate (separate calibrations for land 
and ocean) 

 

 Approximate horizontal resolution of 25 km 

 

 Maximum rainfall rate of 35 mm/h 

 

 Available 6 times per day (~0600, 0915, 1100, 1800, 2115, 2300 Local 
Standard Time); estimates produced globally as data become available 

 



Profiling algorithms: 

 

• Iteratively match 7-channel TB observations 

to theoretical values computed from 

radiative transfer calculations and mesoscale 

cloud model (table look-up). 

 

• Use cloud model to estimate rain rate 

 

• Basis for TRMM algorithm 

Kummerow et al., 1994 

MW Algorithms:  SSM/I 



Ferriday and Avery, 1994 

OCEAN LAND 

MW Algorithms:  SSM/I 



PRODUCT: RAIN RATE (mm/hr) 

 
DATA FOR JULIAN DATE 2002145 SATELLITE F15 IN ASCENDING NODE 

SI = a0 + a1T19V + a2T22V + a3T22V
2 - T85V 

R = a SIb 
NOAA algorithm: { 

http://orbit-net.nesdis.noaa.gov/arad2/ 

MW Algorithms:  SSM/I 



SSM/I—Where to Get Data 
http://www.osdpd.noaa.gov/PSB/SHARED_PROCESSING/SHARED_PROCESSING.html 



SSM/I—Example 

Rain Rate During the 4 h Ending 1600 UTC 8 October 2003 



AMSU-A (~50 km spatial resolution): 

 1  23.8 GHz   

 2  31.4 GHz 

 3-14  50.3-57.29 GHz 

 15  89 GHz 

AMSU-B (~17 km spatial resolution): 

 1  89 GHz 

 2  150 GHz 

 3-5  ~183.3 GHz  (water vapour line) 

MW Algorithms—AMSU 

AMSU=Advanced Microwave Sounding Unit 

• Single scattering algorithm over both land and ocean:  difference 
between brightness temperatures at 89 and 150 GHz is related to 
rainfall rate 
 

• Maximum rain rate of 35 mm/h 
 

• Approximately 16-km horizontal resolution 



Rain rate is based on estimated ice water path (IWP) and rain rate 

relation derived from the MM5 cloud model data. 

 

RR = a0 + a1 IWP +  a2 IWP2 
 

http://amsu.cira.colostate.edu/  (browse images-rain) 

MW Algorithms—AMSU 



AMSU-B—Where to Get Data 
http://orbit-net.nesdis.noaa.gov/arad2/MSPPS/index.html 



AMSU-B—Example 

NOAA-16 Rain Rate at 1330 LST 7 October 2003 



Tropical Rain Measuring Mission (TRMM)  

TRMM Microwave Imager (TMI), 780 km swath: 

      Band          Frequency      Polarization       Horiz. Resol. 

     (GHz)    (km) 

 1    10.7   V, H  38.3  

 2    19.4   V, H  18.4 

 3    21.3  H  16.5 

 4    37.0  V, H    9.7 

 5    85.5  V, H    4.4 

 

Precipitation Radar, 220 km swath: 

   Horizontal resolution of 4 km 

   Profile of rain and snow from surface to ~20 km altitude 

 

Use precipitation radar to tune TMI rain 



―Instantaneous‖ rain rate 

http://trmm.gsfc.nasa.gov/trmmreal/ 

Tropical Rain Measuring Mission (TRMM)  



Precipitation—IR/VIS vs. MW  
 Physical Robustness: 

◦ Microwave radiances are sensitive to moisture throughout the cloud 

 

◦ IR/VIS data reflect cloud-top conditions only and thus are more 

weakly related to actual rainfall rates over a wider range of conditions 

than MW radiances. 

 Space/Time Resolution 
◦ IR/VIS data are available at 4 km/1km resolution (GOES) on 

geostationary platforms, allowing looks in many locations every 15 

minutes—suitable for extreme precipitation events at short time scales 

 

◦ MW instruments are presently restricted to polar-orbiting platforms, 

limiting views to 2 per day per satellite—more suitable for larger scales 

in time and space 



Combines the best features of both approaches: 

• Good space/time resolution of geostationary estimates 

• Better accuracy of microwave estimates 

How to do the combination?  

1. Blend rain estimates using weighted averages 

2. Use matched VIS/IR and microwave image set to:  

 (a) get a field of multiplicative correction factors  

 (b) recalibrate VIS/IR algorithm coefficients 

 (c) map IR TB onto microwave rain-rates 

 (d) adaptive neural network 

 (e) morph microwave rainfall in space/time 

Combined IR- MW rainfall estimates 



IR-Microwave Algorithms 

 Numerous algorithms for combining the relative accuracy of 

MW rainfall rates with the space/ time resolution of IR data 

 

 Three different types of Combined products  

◦ GPCP 

◦ Sensor Combination  

◦ Turk algorithm,  

◦ PERSIANN, and  

◦ CMORPH  



Global Precipitation Climatology Project (GPCP) 

Weighted average of rain estimates from: IR (GPI), SSM/I, TOVS, rain gauges 

Products available from GPCP @ 2.5° monthly resolution: 

monthly average rain rate               4-, 8-hour lag correlations of  RR  

standard deviation of instantaneous rain rate   frequency of rain 

sampling error for the monthly rain rate estimate fractional rainy area 

algorithm error for the monthly rain rate estimate  number of available samples 

http://orbit-net.nesdis.noaa.gov/arad/gpcp/ 



Global Precipitation Climatology Project (GPCP) 



Combined sensors  
Monthly mean rainfall 

Weighted average of TRMM, SSM/I, IR, rain gauges 

http://trmm.gsfc.nasa.gov/images_dir/avg_rainrate.html 



Near real time SSM/I+TRMM 

http://trmm.gsfc.nasa.gov/publications_dir/precipitation_msg.html 

Maps IR TB onto microwave rainrates,  uses microwave in preference to IR where 

available  

3-hourly rainfall 



http://www.nrlmry.navy.mil:80/sat-bin/rain.cgi?GEO=aus 

NRL hourly rainfall - "Blend" 

Maps IR TB onto microwave rainrates 



NRL hourly rainfall - "Merge" 

http://www.nrlmry.navy.mil:80/sat-bin/rain.cgi?GEO=aus 

Weighted average of several microwave rain estimates 



IR-MW Algorithms:  Turk 

 Developed by F. J. Turk of Naval Research Laboratory (NRL) 

 

 Determines relationship between MW rain rate and IR brightness 
temperature by matching cumulative distribution functions 
(CDF’s); e.g. 90th percentile rain rate is assigned to temperature 
corresponding to 90th percentile 

 

 Calibration updated every few hours for a 5x5-degree region 

 

 Also includes H-E adjustments based on model data (moisture, 
etc.) 

 

 Contact:  Joe Turk at turk@nrlmry.navy.mil 



Turk Blend—Where to Get Data 

or (CONUS only): http://orbitnet.nesdis.noaa.gov/arad/ht/ff/blended.html 

http://www.nrlmry.navy.mil/sat-bin/rain.cgi 

http://orbitnet.nesdis.noaa.gov/arad/ht/ff/blended.html
http://orbitnet.nesdis.noaa.gov/arad/ht/ff/blended.html


Turk Blend—Example 

24-hour Total Ending 0000 UTC 9 October 2003 



IR-MW Algorithms:  PERSIANN 
 Precipitation Estimation from Remotely Sensed 

Information using Artificial Neural Networks 

 

 Developed by Soroosh Sorooshian’s research group at the 
U. of Arizona (now at UC-Irvine) 

 

 Uses artificial neural networks to relate 10.7-μm 
brightness temperature (both pixel values and local 
patterns) to MW rainfall rates 

 

 About to begin routine global estimates at 0.25-degree 
resolution 

 

 Will have link from NESDIS Flash Flood Web page 

 

 Contact:  Bob Kuligowski at Bob.Kuligowski@noaa.gov 



PERSIANN 

http://www2.hwr.arizona.edu/persiann/ 

Uses an adaptive neural network to update the coefficients of 

an IR algorithm using surface or passive microwave rainfall 

observations. 



PERSIANN—Example 

6-hour Total Ending 1200 UTC 15 July 2003(Tropical Storm Bill) 

PERSIANN Radar-Raingauge Blend 



IR-MW Algorithms:  CMORPH 

 CMORPH=CPC MORPHing technique 

 Developed by R. Joyce and colleagues at the Climate 

Prediction Center (CPC) 

 Uses IR imagery to interpolate the movement of rainfall 

areas in MW imagery in between images 

 Also interpolates growth/decay of MW rainfall between MW 

images 

 Produced globally at 0.727-degree resolution in near-real 

time 

 Contact:  Bob Joyce at Robert.Joyce@noaa.gov 



Actual Microwave Observations 

t+0 t+2 hrs 

t+ 1/2 hr t+1 hr t+1.5 hr 

IR 

t+1/2 hr t+1 hr t+1.5 hr 

CMORPH 

http://www.cpc.ncep.noaa.gov/products/janowiak/MW-precip_index.html 

Interpolated “observations” 



CMORPH—Example 

24-h Totals ending 0000 UTC 8 October 2003 



CMORPH—Where to Get the Data 
http://www.cpc.noaa.gov/products/janowiak/MW-precip_index.html 



Forecasting Tools:  TRaP 

 TRaP=Tropical Rainfall Potential 

◦ 24-hour precipitation forecast 

◦ Produced by extrapolating microwave-based instantaneous 

precipitation estimates along the predicted storm track 

◦ Forecasts produced automatically whenever a new microwave image 

or track forecast becomes available—posted in Web in graphic format 



V 

D 

TRaP = (Ravg X D) V-1 

Hurricane Georges 

DMSP SSMI Rain Rates 

1436 utc      

Sept 27 1998 

 

Tropical Rainfall Potential (TRaP)  

http://www.ssd.noaa.gov/PS/TROP/trap-img.html 



TRaP – TC Sam, December 2000  
SSM/I rain rate 24 hr rain estimate 



Satellites used to perform TRaP  

 DMSP SSMI     NOAA AMSU     NASA TRMM     NESDIS AE            

Slides courtesy of Sheldon Kusselson, NOAA/NESDIS Satellite Services Division 

Resolution 15km 16km 5km 4km 

Frequency 1-2 per 12hrs  1 per 6-12hrs  1 per 24hrs  1 per 30min 

# Satellites  3 2 1 2 

Max RR 35mm/hr 20mm/hr 60mm/hr  50mm/hr 

Priority 1 2 3 4 



Future TRaP Initiatives                          
Continued validation  

Automated operational TRaP products for: 

ALL STORMS... ALL THE TIME... WORLDWIDE 

  

AMSU-b Rain Rates 

Chantal 

AMSU-b TRaP 

SSM/I Rain Rates 

SSM/I TRaP 

Barry 

TRMM Rain Rates 

TRMM TRaP 

Humberto 

AE Rain Rates 

AE TRaP 

         Helene 

TRaP Training:  http://www.cira.colostate.edu/ramm/visit/trap.html 



TRaP—Where to Get the Data 

http://www.ssd.noaa.gov/PS/TROP/trap-img.html 



TRaP—Example 

TRaP for Tropical Cyclone Manou—1815 UTC 8 May 2003 



 Reanalysis is a systematic approach to produce data sets for climate 

monitoring and research.  

 Reanalyses are created through an unchanging ("frozen") data 

assimilation scheme and model(s) which ingest all available observations 

every 6-12 hours over the period being analyzed.  

 This unchanging framework provides a dynamically consistent estimate 

of the climate state at each time step.  

 Currently, approximately 7-9 million observations are ingested at each 

time step. Over the duration of each reanalysis product, the changing 

observation mix can produce artificial variability and spurious trends.  

 Still, the various reanalysis products have proven to be quite useful 

when used with appropriate care 

ATMOSPHERIC REANALYSIS 



 KEY STRENGTHS: 

◦ Global data sets, consistent spatial and temporal resolution over 3 or more decades, 

hundreds of variables available; model resolution and biases have steadily improved 

◦ Reanalyses incorporate millions of observations into a stable data assimilation system 

that would be nearly impossible for an individual to collect and analyze separately, 

enabling a number of climate processes to be studied 

◦ Reanalysis data sets are relatively straightforward to handle from a processing 

standpoint (although file sizes can be very large)  

 KEY LIMITATIONS: 

◦ Observational constraints, and therefore reanalysis reliability, can considerably vary 

depending on the location, time period, and variable considered 

◦ The changing mix of observations, and biases in observations and models, can 

introduce spurious variability and trends into reanalysis output 

◦ Diagnostic variables relating to the hydrological cycle, such as precipitation and 

evaporation, should be used with extreme caution 

ATMOSPHERIC REANALYSIS 



Atmospheric Reanalysis products 



Atmospheric Reanalysis products 



Reanalysis Data Set Sources Sites  

 https://www.nasa.gov/mission_pages/GPM/main/index.html   

 http://www.star.nesdis.noaa.gov/smcd/emb/ff  

 https://climatedataguide.ucar.edu/climate-data/precipitation-data-sets-

overview-comparison-table  

 http://www.esrl.noaa.gov/psd/data/gridded/reanalysis 

 http://www.esrl.noaa.gov/psd/data/gridded/data.20thC_ReanV2c.html 

  https://climatedataguide.ucar.edu/climate-data/atmospheric-reanalysis-

overview-comparison-tables 

 https://code.google.com/archive/p/netcdf4excel/downloads 
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Bias Correction of Satellite Rainfall 

 Satellite rainfall have systematic errors 

◦ Based on physics and parameterizations 

◦ Based on the larger scale pattern  

 Bias Correction  

◦ Can improve the range of predictability 

◦ Gain hours to a few days more accuracy  

◦ Impacts of the bias correction  

 is stronger at lower levels 

 is greater at longer ranges 

 evolve with time  

 are generally quite small In first 6-48 hours 

 



Bias Correction Methods 

 Linear Scaling (LS) (Lenderink et al., 2007). 

 

 

 LOCal Intensity scaling (LOCI) (Schmidli et al., 2006) 

corrects the wet-day frequencies and intensities and can effectively 

improve the raw data which have too many drizzle days (defined as days 

with little precipitation).    

 

 

 Power transformation (PT) (Teutschbein and Seibert, 

2012):  PT method uses an exponential form to further adjust the SD of 

precipitation series  



Bias Correction Methods 

 Variance scaling (VARI) (Terink et al., 2010). VARI method 

was developed to correct both the mean and variance of normally 

distributed variable such as temperature   

 

 

 

 Distribution Mapping (DM) (Block et al., 2009; Piani et 

al., 2010)   

 

 

  Quantile Mapping (QM) is a non-parametric bias 

correction method and is generally applicable for all possible 

distributions of precipitation without any assumption on precipitation 

distribution. 

 



Geostatistics 

Lecture 2 



Geostatistics 
 Geostatistics is the part of statistics that is concerned with geo-

referenced data, i.e. data that are linked to spatial coordinates.  
 

 Geostatistics is concerned with the unknown value z0 at the non-
observed location x0. In particular, geostatistics deals with: 

◦ spatial interpolation and mapping: predicting the 
value of Z0 at x0 as accurately as possible, using the values found 
at the surrounding locations;  

 

◦ local uncertainty assessment: estimating the probability 
distribution of Z0 at X0 given the values found at the surrounding 
locations,  

 

◦ simulation: generating realizations of the conditional  

   at many non-observed locations xi 
simultaneously (usually on a lattice or grid) given the values found at 
the observed locations;  



Geostatistics 
 Some important hydrological problems that have been tackled 

using geo-statistics are among others: 

 

◦ spatial interpolation and mapping of rainfall depths and hydraulic 

heads; 

 

◦ estimation and simulation of representative conductivities of model 

blocks;  

 

◦ simulation of subsoil properties such as rock types, texture classes 

and geological faces; 

 

◦ uncertainty analysis of flow and -transport through heterogeneous 

formations (if hydraulic conductivity, dispersivity or chemical 

properties are spatially varying and largely unknown) 



Descriptive spatial statistics 

 Declustering  

 



Descriptive spatial statistics 
 Semivariance and 

correlation  

◦ For each pair of points the 

distance di to the 

◦ one-to-one line is can be 

calculated. The semivariance of a 

given distance is given by (with 

n(h) the number of pairs of 

points that are a distance h = |h| 

apart):   

 

 

◦ and the correlation coefficient: 

 



Spatial interpolation by kriging 
 Kriging is a collection of methods that can be used for spatial 

interpolation.  

 Kriging provides optimal linear predictions at non-observed locations by 

assuming that the unknown spatial variation of the property is a realization 

of a random function that has been observed at the data points only. 

 Types of Kriging  

◦ Simple kriging  

◦ Ordinary kriging 

◦ Block kriging 

 Co-Kriging  

 Estimating the local conditional distribution   

◦ Multivariate Gaussian random functions  

 



THEORY 
 The general statistical approach to prediction embodied in regionalized 

variable theory combines a deterministic component, such as that of 

trend surface analysis, with a stochastic one, so that the spatial 

variation in an attribute is expressed by 

 

 

 

 

 

 

 

  

Where h is a vector, the lag  that separates the two places X and X+h 

 

 

Deterministic Element   

Stochastic Element   



ESTIMATING THE VARIOGRAM 
 The variogram is central to geostatistics.  

 

 it is essential for optimal estimation and interpolation by kriging  

 

 The variogram describes the magnitude, spatial scale and general form of the 
variation. It can indicate whether the data are second-order stationary or just 
intrinsi  

 

 The semi-variance for any given lag h in one, two or three dimensions is readily 
estimated from sample data. 

 

 

 

 

• The variogram describes the magnitude, spatial 

scale and general form of the variation. It can 

indicate whether the data are second-order 

stationary or just intrinsi  

 

• Several points must be considered when 

estimating and interpreting the variogram. The 

sample variogram of any property in a given 

region is not unique 



FORMS AND MODELS OF VARIOGRAMS  

 An ordered set of values, y(h), a 

sample variogram, when plotted 

displays the average change of a 

property with changing lag 

  

 They fall into two broad groups 

◦ unbounded (Fig. 2a, b and c)  

◦  bounded  

 

 Unbounded models have no finite a 

priori variance and the intrinsic 

hypothesis only holds.  

 

 Bounded or transitive models reach 

an upper bound, known as the sill  



Estimating the local conditional distribution  

 Kriging can also be used to estimate for each non-

observed location the probability distribution  

 

 We have different methods that can be used to estimate 

the conditional pdf 

◦ Multivariate Gaussian random functions  

◦ Log-normal kriging  

◦ Kriging normal-score transforms  



Geostatistical simulation 
 The third field of application of geostatistics is simulating realizations of 

the conditional random function  

 

 The aim of geostatistical simulation is to generate in the individual 

conditional realizations.  

 

 There are two important reasons for individual realizations of the 

conditional RSF are preferred over the interpolated map that is 

provided by kriging 

◦ kriging provides a so called best linear prediction (it produces values that 

minimize the variance of the prediction error  

 

◦ multiple realizations as input for a model can be used for uncertainty 

analysis and ensemble prediction 



More Geostatistics 
 More advanced geostatistical methods are concerned with: 

◦ kriging in case of non-stationary random functions; 

◦ kriging using auxiliary information; 

◦ estimating conditional probabilities of non-Gaussian random functions; 

◦ simulating realizations of non-Gaussian random functions (e.g. positively 

skewed 

◦ variables such a s rainfall; categorical data such as texture classes); 

◦ geostatistical methods applied to space-time random functions; 

◦ geostatistics applied to random functions defined on other metric spaces 

such as a sphere or river networks; 

◦ Bayesian geostatistics, i.e using various forms of a priori information about 

the random 

◦ function and formally updating this prior information with observations 



HEC-GeoHMS 
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Hydrologic Models 



 Model = simplification of reality 

◦ Purpose: To reduce a complex system to 
its essential processes, so that system 
behavior may be simulated under different 
conditions. 

 

 Model = software + data 

◦ A modeling program + data specific to that 
watershed 

  Climate, topography, hydrography, soils, and land use 

Model 



 Problem 

 

 Information 

 

 What questions need to be answered 

 

 Simplest model with acceptable accuracy 

 

 Question whether increased accuracy is 
worth the increased effort 
 

 

 

Working on Model 



Define the problem 

Conceptual Model Field data 

Mathematical Model 

Computer Program 

Code Verified? 

Model Design Field data 

Calibration 

Verification 

Postaudit Field data 

Compare  

with Field data 

NO Yes 

Modeling  

Protocol 



Hydrologic Models 

• Since the late 1950s many models have been 

developed to simulate the hydrologic processes 

occurring on watersheds.  

 

• They are of many different types and were developed 

for different purposes.  But many of them have 

structural similarities due to the same underlying 

assumptions used in developing them  

 

• Hydrologic models compute runoff from precipitation 

in a drainage basin. Therefore their output is usually a 

hydrograph, which shows the outflow from the basin 

over time.  



 How much runoff,  nutrient and sediment 
loading?  

 

 What are the major sources of the coastal 
and aquatic ecosystem degradation? 

 

 How much nutrient loads aquatic 
ecosystem sustain? 

 

 What WMPs will help reduce the sediment, 
nutrient and solute laden? 

 

 

 

Research Questions 



Input          Model        Output 



Hydrograph Modeling 

 Goal: Simulate the shape of a hydrograph given a known 

or designed water input (rain or snowmelt) 

time 

P
re

c
ip

it
a
ti

o
n

 

time 

fl
o

w
 

Hydrologic 

Model 



Hydrograph Modeling:  The input signal 

 Hyetograph can be 

◦ A future ―design‖ event 

 What happens in response to a rainstorm of a 

hypothetical magnitude and duration 

 See http://hdsc.nws.noaa.gov/hdsc/pfds/ 

◦ A past storm 

 Simulate what happened in the past 

 Can serve as a calibration data set 
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Hydrograph Modeling: The Model 

 What do we do with the input signal? 

◦ We mathematically manipulate the signal in a 

way that represents how the watershed actually 

manipulates the water 

 

 Q = f(P, landscape properties) 
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Types of Hydrologic Models 

• Statistical models include 

consideration of uncertainties in 

both the parameters and input 

data. 

  

• It includes techniques such as 

simple statistical analysis, 

regression analysis, flood 

frequency analysis.  

• Deterministic simulation models 

describe the behavior of the 

hydrologic processes in a 

watershed using mathematical 

expressions that interrelate the 

various phases of the hydrologic 

cycle.  

 



Runoff Prediction   

a) To estimate the peak runoff flows(Qp) 

 

b) To estimate runoff volume. 

 

C). To estimate dependable flow  

 

 

 

 

 

Aims of all Hydrological Model 



 METHODS:  Runoff Prediction  

 Simple empirical methods  
◦ (eg. SCS-CN) 
 

 Physical based distributed hydrological 
models  
◦ (eg. TOPKAPI, WET ) 
 

 Landscape daily rainfall-runoff methods  
◦ (eg. VIC, WaterDyn) 
 

 Energy-water balance equations  
◦ (eg. Budyko curve) 
 

 Conceptual methods 
 Linear System Theory  

 Soil moisture Accounting Theory 



 Commonly Use Hydrological Packages   

 HEC-HMS 
 

 SWAT (Soil water Assessment Tool) 

 

 HBV 

 

 TOPOModel 

 

 
 



HEC-HMS 
The Hydrologic Engineering Center’s(HEC)  

Hydrologic Modeling System (HMS) 
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HEC Models Summary 

 Some of the Models in HEC families  

HEC-HMS – Hydrology 

HEC-GeoHMS – GIS processor for HEC-HMS 

HEC-RAS – Hydraulics 

HEC-GeoRAS – GIS processor for HEC-RAS 

HEC-ResSim – Reservoir Simulation 

HEC-FIA - Flood Impact Analysis  

 



Watershed Delineation 



Terrain pre Processing 

 STEPS 

◦ DEM Reconditioning 

◦ Pit Removal (Fill Sinks) 

◦ Flow Direction 

◦ Flow Accumulation 

◦ Stream Definition 

◦ Stream Segmentation 

◦ Catchment Grid 

Delineation 

◦ Raster to Vector 

Conversion (Catchment 

Polygon, Drainage Line, 

Drainage Point Processing)  

 

 



Terrain pre Processing:  Dem Reconditioning  

 This function modifies a DEM by imposing linear 
features onto it 

 

 

 

 

 

 

 Function:  
◦ Terrain Preprocessing then Data Manipulation and select DEM 

Reconditioning 

◦ Select the appropriate input DEM and linear feature (streams to burn 

in) 

 

 



Terrain pre Processing : FILL SINKS 

 Fills the sinks is a grid Higher elevation cells around a cell will trap 

water and not let water flow from . The modification of elevation 

value is required to eliminate this problem 

 

 

 

 

 

 A pit is a set of one or more cells which has no downstream cells 

around it will create an artificial pits in DEM which needed to be 

removed.  Otherwise these pits become sinks 

 Pit Filling is increasing the elevation until the pit drains to a 

neighbor cell 

 

 Function: Terrain Preprocessing  then Data Manipulation  select Fill Sinks and 
select appropriate dem layers  



Terrain pre Processing:  Flow Direction  

 Computes the flow direction for a grid according to the 8-

point pour flow direction model. In the direction of the 

steepest descent from a cell 

Function:  

Terrain Preprocessing then  Flow Direction 



Terrain pre Processing :  Flow Accumulation 

 Computes the flow accumulation grid for each cell in 

input grid that contains the accumulated number of cells 

upstream of a cell  

 

Function:  

Terrain Preprocessing then  Flow Accumulation 



Terrain pre Processing : Stream Definition 
 The stream definition step identifies those cells that are ―streams‖. The 

streams are defined as those cells that drain more area than a user 

specified threshold  

 

 A default value is displayed for the river threshold representing 1% of 

the maximum flow accumulation 

 

 Any other value of threshold can be selected. Smaller threshold will 

result in denser stream network and usually in a greater number of 

delineated catchments 

 

Function:  Terrain Preprocessing then   Stream Definition  



Terrain pre Processing : Stream Segmentation 

 The stream segmentation step uniquely numbers stream 

segments (links) between the confluences 

 

Function:  Terrain Preprocessing then   Stream Segmentation 



Terrain pre Processing : Catchment Grid Delineation 

 This step identifies drainage areas (in grid format) that drain 

to each stream link 

 

Function:  Terrain Preprocessing : Catchment Grid Delineation  



Terrain pre Processing : Catchment Polygon 

 This function converts a catchment grid into a catchment 

polygon feature (vector format) 

Function:  Terrain Preprocessing :  Catchment Polygon Processing 



Terrain pre Processing: Drainage Line Processing 

 The drainage line processing step defines stream segments in vector 

format 

Function:  Terrain Preprocessing :   Drainage Line Processing  



Terrain pre Processing :  Adjoint-Catchment Processing 

 The adjoint catchment processing step determines the cumulative area 

upstream from a catchment (in vector format). 

Function:  Terrain Preprocessing :   Adjoint Catchment Processing  



Watershed “Pour points” 

• Watersheds are defined by outlets (pour points) 

• Pour points should be placed in high-flow pathways 

• Basins will be generated from pour point to ridgeline or 

to upstream sub-basin 

• Pour points should be numerically coded per sub-basin 

• Pour points must be converted to a grid layer 



Delineating watersheds 
Watersheds represent area upstream from Pour points and 

terminate at ridgelines, uphill sub-basin boundary, or edge of 

the grid 



HEC-HMS 

Runoff Computation 

 

Lecture 4 



Using HEC-HMS 

Three components 

◦ Basin model - contains the elements of the 

basin, their connectivity, and runoff parameters 

 

◦ Meteorological Model - contains the rainfall 

and evapotranspiration data  

 

◦ Control Specifications - contains the 

start/stop timing and calculation intervals for the 

run 



Basin Model 
 Based on Graphical User Interface (GUI)  

◦ Click on elements from left and drag into basin area 

◦ Can import map files from GIS programs to use as background 

◦ Actual locations of elements do not matter, just connectivity and 

runoff parameters 

 



Basin Model Elements 
 Sub-basins- contains data for sub-basins (losses, UH transform, 

and base flow) 

 

 reaches- connects elements together and contains flood routing 
data 

 

 junctions- connection point between elements  

 

 reservoirs- stores runoff and releases runoff at a specified rate 
(storage-discharge relation) 

 

 sinks- has an inflow but no outflow 

 

 sources- has an outflow but no inflow 

 

 diversions- diverts a specified amount of runoff to an element 
based on a rating curve - used for detention storage elements or 
overflows 

 

 

 



Basin Model Parameters 
◦ Loss rate 

◦ UH transform 

◦ base flow methods 



Abstractions (Losses) 

 Interception Storage 

 Depression Storage 

 Surface Storage 

 Evaporation 

 Infiltration 

 Interflow 

 Groundwater and Base 

Flow 

Loss Rate methods 

◦ Green & Ampt  

◦   Initial & constant  

◦   SCS curve no.  

◦   Gridded SCS curve no.  

◦   Deficit/Constant  

◦   No loss rate 



HEC-HMS Loss Entry Window 



Rainfall/Runoff Transformation 

  Unit Hydrograph 

  Distributed Runoff 

  Grid-Based Transformation 

  Methods: 

 Clark  

 Snyder  

 SCS 

 Input Ordinates  

 ModClark 

 Kinematic Wave 



Clark Unit Hydrograph 
 Models translation and attenuation of excess precipitation 

◦ Translation: movement of excess from origin to outlet  

 based on synthetic time area curve and time of concentration 

 

◦ Attenuation: reduction of discharge as excess is stored in watershed 

 Modeled with linear reservoir  

 Estimating parameters: 

◦ Time of Concentration (Tc) : Estimated/Calibrated  

 Use SCS equation 

◦ Storage coefficient : Estimated/Calibrated 
 Flow at inflection point of hydrograph divided by the time derivative of 

flow 

 



Snyder’s UH Model 

 Basic Concepts and Equations 

• standard UH  

• If the duration of the desired UH for the watershed of interest 

is significantly different from the above equation, adjust with  

 
                     tR=duration of desired UH, 
                     tpR=lag of desired UH 

rp tt 5.5

4

Rr
ppR

tt
tt






Snyder’s UH Model 

 Basic Concepts and Equations 

   - standard UH 

 

   - for other duration 

 

 
               Up=peak of standard UH, A=watershed drainage area 

               Cp=UH peaking coefficient,C=conversion constant(2.75 for SI) 
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Snyder’s UH Model 

 Estimating Snyder’s UH Parameters 

 

 

   - Ct typically ranges from 1.8 to 2.0 

   - Cp ranges from 0.4 to 0.8 

   - Larger values of Cp are associated with 

smaller values of Ct 

 

3.0)( ctp LLCCt 



SCS UH Model 

 Basic Concepts and Equations 



SCS UH Model 
 Basic Concepts and Equations 

    - SCS suggests the relationship 

 
 
              A=watershed area; C=conversion constant(2.08 in SI) 

     
        

             t=the excess precipitation duration;tlag=the basin lag  

 Estimating the SCS UH Model Parameters 
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User-specified Unit Hydrograph 
 Basic Concepts and Equations  
      Qn=storm hydrograph ordinate 

      Pm= rainfall excess depth 

      Un-m+1=UH ordinate 

  
 Estimating the Model Parameters 

◦ Collect data for an appropriate observed storm runoff hydrograph and the 

causal precipitation  

◦ Estimate losses and subtract these from precipitation. Estimate baseflow and 

separate this from the runoff 

◦ Calculate the total volume of direct runoff and convert this to equivalent 

uniform depth over the watershed 

◦ Divide the direct runoff ordinates by the equivalent uniform depth 

 Application of User-specified UH 

◦ In practice, direct runoff computation with a specified-UH is uncommon. 

◦ The data are seldom available. 

◦ It is difficult to apply. 
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ModClark Method 
 Models translation and attenuation like the Clark model 

◦ Attenuation as linear reservoir 

◦ Translation as grid-based travel-time model 

 Accounts for variations in travel time to watershed outlet 

from all regions of a watershed  

 Excess precipitation for each cell is lagged in time and then 

routed through a linear reservoir S = K * So 

 Lag time computed by: tcell = tc * dcell / dmax 

 All cells have the same reservoir coefficient K 

 Required parameters: 

◦ Gridded representation of watershed 

◦ Gridded cell file 

◦ Time of concentration 

◦ Storage coefficient 

 



Kinematic Wave Model 
 Conceptual model 

◦ Models watershed as a very wide open channel 

◦ Inflow to channel is excess precipitation 

◦ HMS solves kinematic wave equation for overland runoff hydrograph 

◦ Can also be used for channel flow (later) 

◦ Kinematic wave equation is derived from the continuity, momentum, 
and Manning’s equations  

Required parameters for overland flow: 
◦ Plane parameters 

◦ Typical length 

◦ Representative slope 

◦ Overland flow roughness coefficient 

◦ % of subbasin area 

◦ Loss model parameters 

◦ Minimum no. of distance steps 

 



Base-flow 
 Three alternative models for base-flow 

◦ Constant, monthly-varying flow 
 User-specified 

 Empirically estimated  

 Often negligible  

 Represents base-flow as a constant flow 

 Flow may vary from month to month 

 Base-flow added to direct runoff for each time step of simulation 

◦ Exponential recession model 
 Defines relationship of Qt (base-flow at time t) to an initial value of base-flow 

(Q0) as Qt = Q0Kt 

 K is an exponential decay constant : Defined as ratio of base-flow at time t to 
base-flow one day earlier 

 Q0 is the average flow before a storm begins 

 Typical values of K 

 0.95  for    Groundwater 

 0.8 – 0.9  for Interflow 

 0.3 – 0.8  for Surface Runoff 

 Can also be estimated from gaged flow data 

◦ Linear-reservoir volume accounting model 
 Used with Soil Moisture Accounting loss model (last time) 

 Outflow linearly related to average storage of each time interval 

 Similar to Clark’s watershed runoff 

 

 

 

 



Applicability and Limitations 
 Choice of model depends on: 

◦ Availability of information 

 Able to calibrate? 

◦ Appropriateness of assumptions inherent in the model 

 Don’t use SCS UH for multiple peak watersheds 

◦ Use preference and experience 

 



Stream Flow Routing 

 Simulates Movement of Flood Wave Through Stream Reach 

 Accounts for Storage and Flow Resistance 

 Allows modeling of a watershed with sub-basins  

 Flood routing methods: 

◦ Simple Lag              

◦ Modified Puls    

◦ Muskingum 

◦ Muskingum Cunge 

◦ Kinematic Wave  



Effects of Stream Flow Routing 

Storage S 

t 

Outflow 

Inflow 

Avg Inflow - Avg Outflow = dS/dt 



HEC-HMS Methods for Stream Flow Routing 

 Hydraulic Methods: Uses partial form of St Venant Equations 

◦ Kinematic Wave Method 

◦ Muskingum-Cunge Method 

 Hydrologic Methods 

◦ Muskingum Method 

◦ Storage Method (Modified Puls) 

◦ Lag Method 



Storage-Discharge Relationships 



Stream Flow Diversions 

Diversion Identification 

Maximum Volume of Diversion (Optional) 

Maximum Rate of Diversion (Optional) 

Diversion Rating Table 

◦ Stream Flow Rates Upstream of Diversion 

◦ Corresponding Diversion Rates 



Stream Flow Diversions 

Flow is allowed to move from one channel to 

another via a side weir or flow across a low divide  

 

 

 

 

Flow increases until a fixed level and then a  

flow diversion table determines rate through 

the weir or across the divide 

 

Weir 

Diverted Q 



Meteorological Model 

Precipitation  

 user hyetograph  

 user gage weighting 

 inverse-distance gage weighting  

 gridded precipitation 

 frequency storm  

 

Evapotranspiration-ET 

• monthly average, 

• no evapotranspiration 

Historical Rainfall Data 

Recording Gages 

Non-Recording Rainfall Gages 

Design Storms 

Hypothetical Frequency Storms 

Corps Standard Project Storm 

Probable Maximum Precipitation 



Gage Data 
Gage Data (from project definition screen) 

Precipitation gages- precipitation data for use with meteorological 

models 

Stream gages- observed level data to compare computed and 

actual results 



Input and Output Files 
 project-name.HMS: List of models, descriptions and project default 

method options 

 basin-model-name.BASIN: Basin model data, including connectivity 

information 

 precipitation-model-name.PRECIP: Precipitation model data 

 control-specifications- name.CONTROL: Control 

 specifications 

 run-name.LOG: Messages generated during execution of run 

 project-name.RUN: List of runs, including most recent execution time  

 project-name.DSS: DSS file containing basin model data such as 

computed hydrographs and storage discharge relationships 

 project-name.DSC: List of files contained in DSS file 

 project-name.OUT: Log of operations for the DSS file 

 project-name.MAP: Coordinate point file for subbasin boundaries 

and channel location 

 project-name.GAGE: Listing of gages available for use in the project 

 HMStemp.TMP: Echo listing of imported HEC-1 model 



Data Storage System (DSS) 

Multiple time series or relational data sets 

Each data set or record has a unique pathname/Castro Valley/Fire 

Dept/PRECIP-INC/16Jan197/10min/Obs/ 

Pathnames Consist of Parts A through F 

◦ Part A: General name, project name 

◦ Part B: Specific name, or control point 

◦ Part C: Data type (PRECIP-INC, PRECIP-CUM,  

 FLOW, STORAGE, etc.) 

◦ Part D: Start Date 

◦ Part E: Time interval 

◦ Part F: User specified 



Control Specifications 

Control Specifications - Start/Stop/Time Interval 

 



Running a project 

User selects the  

 1.  Basin model  

 2.  Meteorologic model 

  3.  Control ID for the  

 HMS run 



Viewing Results 

 To view the results: right-click on any basin 
element, results will be for that point 

 

 Display of results:  
◦ hydrograph- graphs outflow vs. time  

◦ summary table- gives the peak flow and time of 
peak 

◦ time-series table- tabular form of outflow vs. time 
 

 Comparing computed and actual results:  
◦ plot observed data on the same hydrograph to by 

selecting a discharge gage for an element 



Viewing Results 

hydrograph 



HEC-HMS Output 

1. Tables 

  Summary 

  Detailed (Time Series) 

2. Hyetograph Plots 

3. Sub-Basin Hydrograph Plots 

4. Routed Hydrograph Plots 

5. Combined Hydrograph Plots 

6. Recorded Hydrographs - comparison 



Viewing Results 

Summary table 

Time series table 



HEC-HMS Output 
Sub-Basin Plots 

Runoff Hydrograph 

Hyetograph 

Abstractions 

Base Flow 

 



HEC-HMS Output 

 

Junction Plots 

 

 
Tributary Hydrographs 
Combined Hydrograph 
Recorded Hydrograph 



Purpose of Calibration 

Can Compute Sub-Basin Parameters 

Loss Function Parameters 

Unit Hydrograph Parameters 

Can Compute Stream Flow Routing 

Parameters 

Requires Gage Records 



FINALLY - information on HEC-HMS 

 www.hec.usace.army.mil/software/software_distrib/hechms/hechmsprogram.html 

◦ (the user’s manual can be downloaded from this site) 

 www.dodson-hydro.com/download.html  

◦ Electronic_Documents Available on the laboratory computers 

 

http://www.hec.usace.army.mil/software/software_distrib/hechms/hechmsprogram.html
http://www.dodson-hydro.com/download.html
http://www.dodson-hydro.com/download.html
http://www.dodson-hydro.com/download.html


Calibration, validation and verification 

Runoff Computation 
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 Calibration 

◦ Model adjustment by changing parameters using 
known input and output data 

 

 Validation 

 Comparison of the model with a different input 
dataset 

 

 Verification 

 Examining the numerical technique represents 
the conceptual model and no numerical 
problems 

 

Calibration, validation and verification 



 Enough time to adjust 

 

 Similar condition 

 

 
Calibration                       validation 

Calibration/validation periods 



◦Hydrology 

 

◦Sediment 

 

◦Water quality/nutrients 

 
 

Calibration/validation steps 



  Total amount 

 Partitioning to other hydrologic components 

 Time shift or lag 

◦ Time of concentration, travel time 

 Shape of hydrograph 

◦ Peak, time to peak and recession 

 

Calibration/validation key considerations 



 Little data 

 

 Small range of conditions 

◦ Only small storms  

◦ Data discontinuity 

 

 Calibration can change the physical representation 

of the processes by the model 

 

Calibration/validation common problems 



 Mean and  SD, errors of prediction 

 

 Regression coefficient, intercept, slope 

 

 RMSE, MAD, MAPE 

 

 Nash and Sutcliffe efficiency 

 

Calibration/validation Evaluation 



Calibration and validation verification : 

Possible scenarios for hydrology 

 Model failed to simulate some peaks 

 

•Rain gage location 

•Problem with rain gage 

 

•Use rainfall from 

representative rain gage 

•Examine the rainfall and 

flow data 



 Consistent over prediction 

 

 

•High surface flow, base flow 

•Less evapotranspiration 

 

•Decrease CN 

•Increase soil available water 

•Increase deep percolation loss 

•Increase GW revap coeff. 

 

Calibration and validation verification : 

Possible scenarios for hydrology 



 Time lag 

 

 

•Long time of concentration 

•High Surface roughness 

•Less slope 

 

•Increase slope 

•Lower Manning’s coeff 

 

Calibration and validation verification : 

Possible scenarios for hydrology 



 Model consistently over predicts peaks 

and under predicts at other parts 

 

 

•Less base flow 

•High overland flow 

Calibration and validation verification : 

Possible scenarios for hydrology 


