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Robust Multivariate Bias Correction (RoMBC) Package Help 

 

 
 
1. Overview 

The Robust Multivariate Bias Correction (RoMBC) package works around a self-evolving 

strategy and is designed to deal with the distribution and, auto and cross dependence biases in a 

multivariate time series at multiple time steps. It starts with a simple single timescale univariate 

bias correction and depending upon the requirement of the data at hand grows into a 

comprehensive multivariate multi time scale bias correction. The package avoids the need of 

asking the users to provide the structure of the bias correction model to be applied by choosing the 

type of bias correction, number of time nesting and type of cross nesting required. RoMBC is a 

comprehensive package that offers a wide variety of in-built options by including standard 

quantile matching and other routinely used bias correction approaches in a time and cross 

dependence nesting.  

Similar to other variants of MBC, in RoMBC, distribution behavior of a time series is represented 

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 uses time nesting at daily, monthly, seasonal and annual time scales.  

As a basic minimum requirement, the package applies univariate quantile matching (QM) bias 

correction at daily time scale and variance correction at multiple time scales. Thereafter, it looks 

for the need of bias correction in the dependence attributes at daily and dependence and 

distributional attributes at monthly, seasonal and annual time scales following the requirement of 

the GCM current and future climate data or calibration and validation data.   

 

2. Features 

The RoMBC builds on earlier software packages, for example, Multivariate Recursive Nested Bias 

Correction (MRNBC) and Multivariate Recursive Quantile-matching Nested Bias Correction 

(MRQNBC), in the form of an R package. 

RoMBC is compiled in R and allows applying the flexible bias correction approach in a fairly 
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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 also specify the 

bias correction statistics plots to be included. 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 (for calculating daily statistics), 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 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. A few extreme and 

spell statistics are also included. 

 

2.1 Presentation of Results 
 

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

package. These datasets are expected to cover a variety of options included in the package. The first 
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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. The second dataset considers equal lengths of observed and GCM 

data for calibration (current) and verification time periods. It considers 7 atmospheric variables. The 

third datasets considers observed and AR1 model simulated monthly rainfall at 15 locations over 

Sydney region. The forth dataset uses daily rainfall at 18 and daily evaporation at 3 locations over 

Sydney region. It uses Access GCM data for current and future time periods. This dataset is 

discussed in detail in the paper.  

 

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. Three seasons in a year are considered. 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. The final bias corrected model picked is presented in Table 2.  In the table, 

correction criteria are shown by zeros and ones. A ‘one’ with star, ’1*’, implies that the statistic is 

directly applied or is ’built in’ as a part of model structure. A zero (0) implies bias correction for 

that statistic is not needed while one (1) implies correction is needed as per the current climate. 

Negative one (-1) implies that while the correction is needed, application of bias correction to the 

future climate time series makes the changes significant and therefore the correction is not applied.  

As data does not change significantly across two time periods,   almost full model is picked.  

Statistics for the calibration and verification periods are presented in Tables 3 and 4 and plots of a 

few statistics are presented in Figure 1. Statistics in the Figure 1 are plotted after scaling them so 

that they lie on the same plot. 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 
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(Table 3). It also reproduces well the time distribution of variable at all selected time scales (results 

not included here). Some biases in the statistics during verification period are noted. Although, 

SKEW is not modelled explicitly by the model, the bias correction does improve its representation 

the corrected time series (Table 4). 

 

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. 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 provided in the 

Table 5.   

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. The structure of final bias 

correction model selected is presented in Table 6. Tables 7 and 8 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. Scaled scatter plots of a few 

important statistics are presented in Figure 2. Raw data (Tables 7a and 8a, Figure 2) 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. Overall, model does a good job in reproducing 

these statistics during verification period albeit some biases for some variables (Table 8, Figure 2). 

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. RoMBC 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.   
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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 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 9 

while the structure of the flexible model selected is provided in Table 10. A few basic statistics of 

the observed, raw and bias corrected data for the calibration and verification periods are presented 

in Tables 11 and 12 and in the form of scaled scatter plots in Figure 3. 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 11a and 12a). However, as expected, auto and cross dependence attributes are not simulated 

well by the univariate rainfall generation model. Upon examining the current climate data, the bias 

correction model recognizes that bias correction in dependence attributes is needed. However, upon 

examination of future climate bias corrected data, it decides to apply only selected dependence 

related corrections (Figure 3).  

 

2.5 Fourth dataset 

The fourth dataset is used in the main paper. It considers the area averaged daily rainfall and 

evaporation of 18 sub-catchments of the Greater Sydney Region. The observed catchment averaged 

daily time series is formed using gridded data from the Bureau of Meteorology. 30 years of data 

from 1976-2005 is considered in the analysis. In addition to observed data, daily time series of 

GCM rainfall and temperature data for 30 years each for current (1976-2005) and future (2069-

2099) climates, for 6 GCMs for RCP8.5 scenario over the study region is obtained and interpolated 

over the 18 sub-catchments. As evaporation was not directly available from these GCMs, a 

conditional model was developed using observed evaporation and temperature, and daily time series 

of GCM evaporation was simulated conditional on the GCM temperature for current and future time 
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periods. Observed gridded temperature was obtained from Bureau of Meteorology, The Australian 

Climate Observations Reference Network – Surface Air Temperature (ACORN-SAT) dataset which 

has been developed to monitor climate variability and change in Australia. The dataset provides a 

daily record of Australian temperatures since 1910 (Trewin, 2018).  In total, six GCMs are used in 

the in the paper. Data of only one example GCM, Access, is included in the data set. The structure 

of ‘basic.dat’ file used in this example is presented in Table 13 while the structure of the flexible 

model selected is provided in Table 14. A few basic statistics of the observed, raw and bias 

corrected data for the calibration and verification periods are presented in Tables 15 and 16 and in 

the form of scaled scatter plots in Figure 4. Overall, model predicts negligible changes in rainfall 

and around 20% increase in the evaporation (Table 16, Figure 4). 

 

2.6 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 7/10 

 

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 RoMBC.r script, are located. Select ‘RoMBC.r’ file and 

double click on it in order to run it. Alternatively, open the R-Studio and open the ‘RoMBC.r’ file. 

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

 

Citation: 

Mehrotra and Sharma (2021), A robust alternative for correcting systematic biases in multi-variable 

climate model simulations, Environ. Model. Software, 139(2021), 105019, 

https://doi.org/10.1016/j.envsoft.2021.105019 

http://cran.r-project.org/bin/windows/base/)
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Research publication source: 

https://www.sciencedirect.com/science/article/pii/S1364815221000621?dgcid=author 

  

https://www.sciencedirect.com/science/article/pii/S1364815221000621?dgcid=author
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Table 1: Structure of ‘basic.dat’ file for example 1 dataset 
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Table 2: RoMBC model structure adopted for example 1 dataset 

Climate 
variables 

Daily Monthly Seasonal Annual 

SD QM 
LA
G0 

LA
G1 

L1
C 

L1
F SD QM 

LA
G0 

LA
G1 

L1
C 

L1
F SD QM 

LA
G0 

LA
G1 

L1
C 

L1
F SD QM 

LA
G0 

LA
G1 

L1
C 

L1
F 

1 1* 1* 1 1 1 1 1* 0 1 1 1 1 1* 0 1 0 1 -1 1* 0 1 0 1 1 
2 1* 1* 1 1 1 1 1* 0 1 1 1 1 1* 0 1 0 1 -1 1* 0 1 0 1 1 
3 1* 1* 1 1 1 1 1* 0 1 1 1 1 1* 0 1 1 1 -1 1* 0 1 1 1 1 
4 1* 1* 1 1 1 1 1* 0 1 1 1 1 1* 0 1 0 1 -1 1* 0 1 0 1 1 
5 1* 1* 1 1 1 1 1* 0 1 1 1 1 1* 0 1 1 1 -1 1* 0 1 0 1 1 
6 1* 1* 1 1 1 1 1* 0 1 1 1 1 1* 0 1 1 1 -1 1* 0 1 1 1 1 
7 1* 1* 1 -1 1 1 1* 0 1 0 1 1 1* 0 1 0 1 -1 1* 0 1 0 1 1 

Note: 1*: Compulsory correction applied; 0: correction not needed; 1: correction required and applied; -1: correction required but can’t 
be applied 
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Table 3: 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 4: A few statistics of raw and bias corrected time series for verification period: dataset 1  

(a) Raw data 

 

(b) Bias corrected 
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Table 5: Structure of ‘Basic.dat’ file for dataset 2 
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Table 6: RoMBC model structure adopted for example 2 dataset 

Climate 
variables 

Daily Monthly Seasonal Annual 

SD QM 
LA
G0 

LA
G1 

L1
C 

L
1F SD 

Q
M 

LA
G0 

LA
G1 

L1
C 

L
1F SD QM 

LA
G0 

LA
G1 

L1
C 

L
1F SD QM 

LA
G0 

LA
G1 

L1
C 

L1
F 

1 1* 1* 1 1 1 1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
2 1* 1* 1 1 1 1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
3 1* 1* 1 1 1 1 1* 0 1 1 1 -1 1* 0 0 0 0 0 1* 0 0 1 0 0 
4 1* 1* 1 1 1 1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
5 1* 1* 1 1 1 1 1* 0 1 1 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
6 1* 1* 1 1 1 1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
7 1* 1* 1 -1 1 1 1* 0 1 1 1 -1 1* 0 0 1 0 0 1* 0 0 0 0 0 

Note: 1*: Compulsory correction applied; 0: correction not needed; 1: correction required and applied; -1: correction required but can’t 
be applied 

 
 
 
 
 
 
 
 
 
 

  



14  

Table 7: 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 8: A few statistics of raw and bias corrected time series for verification period: dataset 2 
 
(a) Raw data 

 
 
 

(b) Bias corrected 

 
 
 

  



16  

Table 9: Structure of Basic.dat file used for dataset 3 
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Table 10: RoMBC model structure adopted for example 3 dataset 

Climate 
variables 

Daily Monthly Seasonal Annual 
SD QM LA

G0 
LA
G1 

L1C L1F SD QM LA
G0 

LA
G1 

L1
C 

L1
F 

SD QM LA
G0 

LA
G1 

L1C L
1F 

SD QM LA
G0 

LA
G1 

L1
C 

L1
F 

1 -9 -9 -9 -9 -9 -9 1* 1* 1 1 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
2 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
3 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
4 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
5 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
6 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
7 -9 -9 -9 -9 -9 -9 1* 1* 1 1 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
8 -9 -9 -9 -9 -9 -9 1* 1* 1 1 1 -1 1* 0 -1 1 -1 0 1* 0 -1 0 -1 -1 
9 -9 -9 -9 -9 -9 -9 1* 1* 1 1 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 

10 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
11 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
12 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 1 -1 0 1* 0 -1 0 -1 -1 
13 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
14 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 0 -1 0 1* 0 -1 0 -1 -1 
15 -9 -9 -9 -9 -9 -9 1* 1* 1 0 1 -1 1* 0 -1 1 -1 0 1* 0 -1 0 -1 -1 

Note: -9: Correction not considered; 1*: Compulsory correction applied; 0: correction not needed; 1: correction required and applied; -
1: correction required but can’t be applied 
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Table 11: A few statistics of raw and bias corrected time series for calibration period: dataset 3 
 

(a) Raw data 

 
 

(b) Bias corrected 
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Table 12: A few statistics of raw and bias corrected time series for verification period: dataset 3  
 

(a) Raw data 

 
 

(b) Bias corrected 
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Table 13: Structure of Basic.dat file used for dataset 4 
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Table 14: RoMBC model structure adopted for example dataset 4 
Climate 
variable

s 

Daily Monthly Seasonal Annual 

SD QM 
LA
G0 

LA
G1 

L1
C 

L1
F SD QM 

LA
G0 

LA
G1 

L1
C 

L1
F SD QM 

LA
G0 

LA
G1 

L1
C 

L1
F SD QM 

LA
G0 

LA
G1 L1C L1F 

1 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
2 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
3 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
4 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
5 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
6 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
7 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
8 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
9 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 

10 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
11 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
12 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
13 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
14 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
15 1* 1* -1 -1 -1 -1 1* 1 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
16 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
17 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
18 1* 1* -1 -1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
19 1* 1* -1 1 -1 -1 1* 1 1 1 1 -1 1* 0 0 1 0 0 1* 0 0 1 0 0 
20 1* 1* -1 1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 
21 1* 1* -1 1 -1 -1 1* 0 1 0 1 -1 1* 0 0 0 0 0 1* 0 0 0 0 0 

Note: 1*: Compulsory correction applied; 0: correction not needed; 1: correction required and applied; -1: correction required but can’t 
be applied 
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Table 15: A few statistics of raw and bias corrected time series for calibration period: dataset 4 
 

(a) Raw data 
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(b) Bias corrected 
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Table 16: A few statistics of raw and bias corrected time series for validation period: dataset 4 
(a) Raw data 
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(b) Bias corrected 
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Figure 1: Scatter plots of raw vs observed and bias corrected vs observed statistics for 
calibration/current climate and validation/future climate time periods – dataset 1. 
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Figure 2: Scatter plots of raw vs observed and bias corrected vs observed statistics for 
calibration/current climate and validation/future climate time periods – dataset 2.  
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Figure 3: Scatter plots of raw vs observed and bias corrected vs observed statistics for 
calibration/current climate and validation/future climate time periods – dataset 3. 
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Figure 4: Scatter plots of raw vs observed and bias corrected vs observed statistics for 
calibration/current climate and validation/future climate time periods – dataset 4. 
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