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Multivariate Bias Correction (MBC) Package Help 

 

 
1. Overview 

The Multivariate Bias Correction (MBC) package is a complete package designed to deal with 

the distribution and, auto and cross dependence biases in a multivariate time series at multiple 

time steps. It provides the flexibility of applying a simple single time scale univariate bias 

correction to a comprehensive multivariate multi-time scale bias correction, depending upon 

the requirement of a particular task. Thus, the package allows the user to frame the structure 

of their own bias correction model by choosing the type of bias correction, number of time 

nesting and type of cross nesting required. MBC is a comprehensive package that offers users 

a wide variety of options by including several variants of standard quantile matching and other 

routinely used bias correction approaches in a time and cross dependence nesting.  

In MBC, distribution behavior of a time series is represented either as a function of both mean 

and variance or by its empirical distribution. Auto dependence is represented by LAG1 

autocorrelation function while cross-dependence is assumed to be a function of LAG0 and 

LAG1 correlations. The package allows time nesting at daily, monthly, seasonal, annual and 

tri-annual time scales.  

The package allows the user to pick the bias correction for mean only, mean and variance or 

for distribution only at selected predefined time scales. Similarly, there is flexibility to pick 

the dependence correction in combinations of LAG1 auto, LAG0 cross and LAG1 cross 

distributions. User can pick time nesting starting from single to all time scales.   

 

2. Features 

Both multivariate bias correction approaches, namely, Multivariate Recursive Nested Bias 

Correction (MRNBC) and the Multivariate Recursive Quantile-matching Nested Bias 
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Correction (MRQNBC) also including their variants, in the form of an R package are included 

here. 

MBC is compiled in R and allows applying variants of MRNBC and MRQNBC bias correction 

approaches in a fairly simple manner. The package requires all essential information to be 

provided in the ‘basic.dat’ file. In addition, four data files are to be prepared and included 

before running the package. These include observed and raw data files for calibration as well as 

verification period. It is not necessary to have equal length of data for raw and observed file 

either for calibration or verification periods. Also, depending upon the requirement, same file 

can be used for both calibration and verification periods. As the package considers across the 

variables dependence, it can also be used to maintain observed spatial dependence across 

multiple locations in the simulations. User can first pick their choice of going for either 

MRNBC or MRQNBC bias correction options and then specify the bias correction statistics and 

time nesting to be included. Statistics to be used for bias correction include, correction for only 

mean, mean and SD (or distribution), LAG1 auto, LAG0 and LAG1 cross correlation attributes. 

The options for time nesting include, daily, monthly, seasonal, annual and tri-annual. The 

package also allows flexibility of applying bias correction either to daily or to monthly time 

series. Users are allowed to define their own seasons. Also, there is an option of averaging or 

aggregating the data as one move from daily to higher time scales (monthly, seasonal and 

annual). The option of data aggregation is useful when dealing with variables for example, 

rainfall.  In addition to the name of four data files, the ‘basic.dat’ file also requires information 

about the number of years of data, number of variables, width of moving window, number of 

repeats in the recursive procedure, physical lower and upper limits on the variables, whether 

data consider leap years or not and distribution of calendar months in the seasons specified. All 

the information is provided in a free format, separated by spaces. At present, the package allows 

use of a maximum of 150 years of daily data, 25 variables, 6 seasons and 31 days wide moving 

window. 

Upon successful completion of the program, 6 output files are generated, two files containing 

bias corrected time series for calibration and verification periods and four statistics results files, 

containing important statistics of 1) Observed and Raw data for calibration; 2) observed and 

raw data for verification; 3) observed and bias corrected data for calibration; and 4) observed 
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and bias corrected data for verification time periods. Some of the important statistics calculated 

include means, standard deviations, skewness, LAG1 and LAG2 auto correlations, and 

distribution plots at daily, monthly, seasonal and annual time scales. In case of multiple 

variables, auto and LAG1 cross correlations are also computed. The package allows the users to 

look at a few raw and bias corrected statistics either in the form of a table or as plots at multiple 

time scales of interest. Package also provides plots of empirical distribution of raw and bias 

corrected time series. 

2.1 Presentation of Results 
 

The applicability of the package is demonstrated on three sample datasets, included with the 

package. These datasets are expected to cover a variety of options included in the package. The 

first dataset considers unequal lengths of time series for calibration and verification periods. It 

considers synthetically generated daily time series 6 variables look very similar to typical 

atmospheric variables used in downscaling and applies MRQNBC bias correction approach. 

The second dataset considers equal lengths of observed and GCM data for calibration (current) 

and verification time periods. It considers 7 atmospheric variables and uses MRNBC as the bias 

correction approach. The third datasets considers observed and AR1 model simulated monthly 

rainfall at 15 locations over Sydney region and uses MRQNBC approach to induce observed 

spatio-temporal dependence in the rainfall simulations.  

2.2 First dataset 

The first dataset consists of synthetic (mimicking reanalysis (observed) and raw GCM) daily 

time series of 6 (climate variables) with unequal data lengths. 66 years of daily data (from 1881 

to 1946) is used for model calibration whereas another subset of 70 years (from 1947 to 2016) is 

used for model verification. Likewise, a subset of 63 years of raw GCM data (from 1891 to 

1953) is used for model calibration and of 61 years (from 1954 to 2014) is used for model 

verification. Please note that the specification of start and end years are arbitrary and are 

specified only to account for leap years in the data. Cumulative distribution matching 

multivariate bias correction MRQNBC model with the options of bias correction at daily, 

monthly, seasonal and annual time scales is picked. Three seasons in a year are considered. In 
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addition, LAG0 cross and LAG1 auto dependence options are selected. Table 1 presents the 

details of ‘basic.dat’ file used for this dataset. 

Upon successful completion of the bias correction program, package provides four result files 

showing the statistics of 1) Observed and Raw data for calibration; 2) Observed and raw data 

for verification; 3) Observed and bias corrected data for calibration; and 4) observed and bias 

corrected data for verification. Statistics for the calibration and verification periods are 

presented in Tables 2 and 3. A few scatter plots of statistics and distribution plots of time series 

of raw and bias corrected data for calibration and verification periods are presented in Figures 1 

and 2, respectively. The bias correction approach performs well in reproducing the statistics of 

the reanalysis data in the GCM simulations at all time scales during calibration period (Table 2 

and Figure 1). It also reproduces well the time distribution of variable at all selected time scales 

(Figure 2). Some biases in the statistics during verification period are noted. Although, LAG1-

cross correlations and SKEW are not modelled explicitly, the bias correction does improve their 

representation the corrected time series (Table 2 and Figure 2). 

  

2.3 Second dataset 

The second dataset includes four files of equal lengths with daily records of 7 atmospheric 

variables averaged over Sydney, Australia, obtained from NCEP-reanalysis and CSIRO data 

bases. A subset of 30 years of records from 1950 to 1979 is considered for model calibration 

while remaining 30 years from 1980 to 2009 is used for the model verification. The basic 

information about the data start and end years, number of years of data, file names, number of 

variables and type of bias correction  model are given in ‘basic.dat’ file in a simple text format. 

The bias correction model selected is a multivariate recursive nested bias correction (MRNBC) 

model with the option of bias correction in mean, standard deviation, LAG1 auto and LAG0 

cross correlations at daily, monthly and annual time scales. Four seasons in a year are 

considered. Daily GCM data is considered to have fixed 28 days in each February and thus 

activating the option of fixed days in a month format for GCM calibration and verification 

datasets. Observed (reanalysis) data sets for calibration and verification periods still follow 

standard leap year format. More details on the information included in the ‘basic.dat’ file are 
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provided in the Table 4.   

Upon successful completion of the bias correction package, four result files containing a few 

important statistics of the raw and bias corrected data are created. Tables 5 and 6 provide the 

snapshots of a part of these files for raw and bias corrected data for mean, standard deviation 

and auto correlation statistics for calibration and verification periods, respectively. Raw data 

(Tables 5a and 5a) exhibits some biases in these statistics. Bias correction model provides near 

perfect fit for the calibration period and a reasonably good fit for the verification period. 

Similarly, Figure 3 provides scatter plots of scaled means, standard deviations, LAG1 

autocorrelation, LAG0 cross correlations and LAG1 cross correlations of raw and bias corrected 

time series for these two periods. For a good match all points should lie close to diagonal. 

Model does a good job in reproducing these statistics during verification period albeit some 

scatter for some variables. 

Figure 4 presents empirical distribution plots of daily, monthly, seasonal and annual time series 

of reanalysis and raw and bias corrected GCM data for calibration and verification time periods 

for a selected variable-Temperature depression at 700hPa. Temperature depression is the 

difference of dewpoint and air temperature at that particular pressure level. Here again, the 

model performs well at all time scales during calibration, however, exhibits some biases at 

higher time scales during verification.  

The biases noted during verification period are a function of the differences in the behaviour of 

the observed and raw time series during calibration and verification time periods. MRNBC like 

any other bias correction model works on the assumption that the biases are stationary and 

corrects the verification time series for the biases observed in the calibration time period.   

2.4 Third dataset 

The third dataset consists of observed and model simulated monthly rainfall time series. 70 

years of observed rainfall records from 1921 to 1990 at 15 locations around Sydney is used for 

rainfall generation using AR1 model. As generated rainfall comes from a univariate model with 

order-one dependence, it is not expected to reproduce the observed spatio-temporal dependence 

in the simulations. Two sample realisations of monthly rainfall, each 70 years in length, are 
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generated from the rainfall generation model. One realisation is used for the calibration of the 

bias correction model, whereas the second one is used for model verification. The bias 

correction model selected is a multivariate recursive nested bias correction (MRNBC) model 

with the option of bias correction in mean, standard deviation, LAG1 auto and LAG0 cross 

correlations at monthly, seasonal and annual time scales. Two seasons in a year are considered 

and being rainfall, the time aggregation option is also activated. The structure of ‘basic.dat’ file 

used in this example is presented in Table 7 while a few basic statistics of the observed, raw and 

bias corrected data for the calibration and verification periods are presented in Tables 8 and 9. A 

few scatter plots of statistics of raw and bias corrected data for calibration and verification 

periods are presented in Figure 5 whereas empirical distribution plots of monthly, seasonal and 

annual rainfall are presented in Figure 6. As raw data comes from a model which is calibrated 

using the observed data, there is a good match between means and standard deviations of 

observed and simulated raw data for calibration and verification time periods (Tables 8a and 9a 

and Figure 5) and empirical distributions (Figure 6). However, as expected, auto and cross 

dependence attributes are not simulated well by the univariate rainfall generation model. The 

bias correction model improves the representation of these observed attributes in the bias 

corrected time series.     

3.1 Input parameters 

In addition to observed and raw data files, user is required to provide other basic information in 

the ‘basic.dat’ file in a simple free text format with spaces in between them.  Each entry in the file 

is supported by a heading to provide a short description of that entry.   

3. Technical specifications 

Operating system: 

Windows 7 

Essential applications: 

R 3.0.2 (download from http://cran.r-project.org/bin/windows/base/) 

Running the programme: 

Running the programme is simple. In RGui, open the RGui screen and change the working 

directory to the folder where all files including the mbc.r script, are located. Select ‘mbc.r’ file 

http://cran.r-project.org/bin/windows/base/)
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and double click on it in order to run it. Alternatively, open the R-Studio and open the ‘mbc.r’ 

file. Now run the file by selecting it and clicking on the run command. 

 

Table 1: Structure of ‘Basic.dat’ file used for dataset 1 
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Table 2: A few statistics of raw and bias corrected time series for calibration period: 
dataset 1  

(a) Raw data  

 

(b) Bias corrected 
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Table 3: A few statistics of raw and bias corrected time series for verification period: dataset1  

 

(a) Raw data 

 

(b) Bias corrected 
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Figure 1: Scatter plots of daily, monthly, seasonal and annual means, standard deviations and 

LAG0 and LAG1 auto and cross correlations of reanalysis and raw and bias corrected GCM data 

for calibration and verification periods using MRQNBC bias correction approach and dataset 1. 

Points on the plots denote variables. Mean and standard deviation (SD) values of all variables are 

rescaled to lie between -100 to 100.  
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Figure 2: Distribution plots of daily, monthly, seasonal and annual time series of reanalysis and 

raw and bias corrected GCM data for calibration and verification time periods for a selected 

variable-1 and dataset 1. 
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Table 4: Structure of ‘Basic.dat’ file for dataset 2 
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Table 5: A few statistics of raw and bias corrected time series for calibration period: 
dataset 2  

(a) Raw data 

 
(b) Bias corrected 
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Table 6: A few statistics of raw and bias corrected time series for verification period: 
dataset 2 

(a) Raw data 

 
 
 

(b) Bias corrected 
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Figure 3: Same as Figure 1 for dataset 2 except that the Lag1 cross correlations are not modelled. 
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Figure 4: Same as Figure 2, for dataset 2 and variable 7 

  



17  

Table 7: Structure of Basic.dat file used for dataset 3 
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Table 8: A few statistics of raw and bias corrected time series for calibration period: dataset3 
(a) Raw data 

 
(b) Bias corrected 
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Table 9: A few statistics of raw and bias corrected time series for verification period: dataset3  
(a) Raw data 

 
(b) Bias corrected 
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Figure 5: Same as Figure 1 for dataset 3 
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Figure 6: Same as Figure 2, for dataset 3 and station 3 

 


	1. Overview
	2. Features
	3. Technical specifications

