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Abstract—The model of Weather Research and Forecasting-

Advanced Research WRF (WRF-ARW) is one of Numerical 

Weather Prediction (NWP) model which often used to study and 

to predict weather phenomenon in the atmosphere. Initial 

condition and boundary condition are two essential elements 

which needed by WRF model in order to produce forecast. Initial 

condition is a part of WRF that needs to be corrected in order to 

make the prediction more accurate. Various methods have been 

developed to improve the initial condition one of them through 

data assimilation. There are several methods of assimilation data 

process which combines NWP products with information from 

different types of observation, one of them is Three Dimensional 

Variational (3D-VAR). The purpose of this research is to analyze 

and compare the accuracy of Weather Research Forecasting 

(WRF) prediction before and after assimilation the Global 

Positioning System Radio Occultation (GPS RO) Refractivity 

data, where the GPS data will be assimilated into the WRF-ARW 

model by 3D-VAR technique to simulate rain event in Jakarta 

area on 14 until 16 February 2018. Verification technique to 

quantify the accuracy of the assimilation model was conducted 

towards 24 hours accumulated rainfall. The result of this 

research shows that by applying the data assimilation procedure 

of the GPS RO Refractivity which goes into WRF-ARW model 

can increase the accuracy predictions level of heavy rainfall 

phenomenon which is occurred at that time where able to predict 

the occurrence for the first category correctly through the 

percentage of average POD reaching 66% with a prediction error 

rate of average rainfall (POFD) of 26.1%. Furthermore, for the 

light rain category, on average only around 59.2% of events can 

be predicted correctly and with an average percentage of 12.5% 

prediction errors.  

Keywords—Weather Prediction, WRF-ARW, GPS RO 

Refractivity 

I. INTRODUCTION  

One basic reference in making weather forecasting is the 

output of various types of numerical models starting from 

short-term to long-term weather forecasting models such as 

the WRF meso scale (Weather Research and Forecasting) to 

climate models. Numerical weather forecasts have been 

carried out more than 150 years ago since the United Kingdom 

Meteorological Office, UKMO, issued weather forecasts for 

the public by using weather maps in 1854 [10]. Numerical 

weather prediction as a form of modern weather forecasting is 

done based on computer model applications that are able to 

describe changes in the atmosphere using mathematical 

equations.[2] 

The numerical model requires two important elements in 

producing forecasts, namely the initial condition and boundary 

conditions. The target of numerical prediction simulation is to 

calculate atmospheric conditions based on time [8] which 

means that the simulation aims to calculate speed, density, 

pressure, temperature, and humidity (atmospheric parameters) 

from each point in the air. The accuracy of the initial condition 

data as the initial input of the model is one part of the problem 

that still requires improvement and improvement in the NWP 

model system. Until now, many researches and developments 

have been carried out to improve the initial conditions of 

model initialization. One such technique is assimilation of 

data. 

Data assimilation is a technique of combining 

observation data with NWP products (first guess or initial 

forecast) to improve estimation and analysis of atmospheric 

conditions. The data assimilation system will combine all 

available atmospheric information at a certain time to produce 

an estimate of its state at a predetermined time analysis [3]. In 

its application, assimilation is done to improve the initial 

conditions and perfect the predictions produced by the model. 

This study focuses on improving the value of the 

initial condition of the model as the material for making 

estimates through assimilating the model data with Global 

positioning system (GPS) radio occultation (RO), and Satellite 

rainfall estimation data (GSMAP). Improvements were made 

using the  3DVAR technique as one of the assimilation 

techniques into WRF (Weather Research and Forecasting) that 

is quite easy to do and has been widely used in several 

previous studies such as by [6] and [7]. 
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Global positioning system (GPS) radio occultation 

(RO) is an active satellite-to-satellite limb sounding technique 

in which a transmitter and its corresponding receiver are 

placed on a GPS satellite and on a low-Earth-orbiting (LEO) 

satellite. GPS RO sounding data have many unique 

characteristics, including high accuracy, high vertical 

resolution, no need for calibration, all-weather sounding 

capability, and global coverage. Owing to these 

characteristics, GPS RO data are ideally suited for climate 

monitoring and weather prediction, and hence they have 

played an increasingly important role in cli-mate and 

meteorology studies. Depending on the level of data 

processing, a variety of data retrieved from GPS RO can be 

used for weather prediction (e.g., phase and amplitude of GPS 

signals, bending angle, refractivity, and retrieved temperature 

and moisture). 

In this study, we investigated the impact of GPS RO 

refractivity on simulations of a heavy rainfall event that 

occurred over Jakarta region on 14-16 February 2018. The 

results of the study showed that assimilation carried out had a 

good influence on the results of the forecast, namely the 

forecast of the outcome of the model had a better level of 

accuracy than the non-assimilated model. The purpose of this 

study was to determine how the comparison of the accuracy 

and output performance of the WRF model in predicting rain 

before and after assimilation was carried out using Satellite 

rainfall estimation data/GSMAP data. The selection of 

GSMAP data as assimilation data is based on one of them is 

because precipitation estimation is very important for the 

NWP model because the model shows a greater level of 

sensitivity to the data when compared with other data types in 

the assimilation. 

 

GPS Radio Occultation FORMOSAT-3/COSMIC  

The term occultation is a term often used in the field 

of astronomy to define the event of the closure of a celestial 

object or object by a larger object or other celestial body [12]. 

Meanwhile, radio occultation is a technique that uses the 

frequency of radio signals to obtain information about the 

vertical gradient of the Refractivity atmosphere, which is 

related to gradient density (pressure and temperature) and 

moisture density [18]. 

The basic measurement used in radio occultation 

techniques is when radio signals that move from a GPS 

transmitter to a recipient of Low Earth Orbit (LEO) through 

the atmosphere will experience bending or curvature caused 

by varying density differences in each layer of the atmosphere. 

To measure the atmospheric refraction index (n), the 

magnitude of the curvature angle (𝛼) that occurs when 

measuring the atmospheric refraction index (n) can be used to 

obtain an atmospheric Refractivity value (N) which can be 

formulated in the following equation : 


 

 

 


 



 

𝛼    =  bending angle 

𝑎    =  impact parameter 

𝑟    =  ray trajectory to the center of the arch 

R  =  tangent point 

N   =  refractivity index 

N   =  refractivity 

P   =  atmospheric pressure (hPa) 

T   =  atmospheric temperature (K) 

𝑃𝑤=  atmospheric water vapor pressure (hPa) 

𝑛𝑒 =  electron density (Number of electrons / m
3
) 

W  =  liquid water content (gr / m
3
) 

𝑓   =  transmitter frequency (Hz) 
 

Radio Occultation (RO) data obtained from 
FORMOSAT-3 /COSMIC has much better data quality when 
compared to previous missions [12]. The satellite circuit was 
first launched from the Vadenberg air force center in 
California, U.S. on April 15, 2006. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. COSMIC land and satellite components 

 

The results of research using COSMIC data have also 
proven theoretically that RO sounding has a fairly high 
accuracy. Accuracy in the upper troposphere or lower 
stratosphere reaches up to 0.05 K or higher. For example, the 
comparison between COSMIC data and AMSU-A data 
obtained from the National Oceanic and Atmospheric 
Administration (NOAA) satellite shows a high correlation (~ 
0.99 or higher) on brightness temperature with a standard 
deviation ranging from 0.95 K and 0.97 K. This shows that the 
observation of RO has a significant positive impact on global 
and regional weather forecasts, as well as on the estimation of 
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important weather phenomena such as tropical cyclones 
(tropical cyclone) [16]. 

II. WRF 3DVAR TECHNIQUE ASSIMILATION 

Data assimilation is a technique where data is observed 
combined with a numerical weather model (NWP) good for the 
first guess and background forecast as well as statistical errors 
covering it to predict better atmosphere. Assimilation of data 
Varitional (Var) achieves this through a minimum iteration of 
the value function (cost function) that has been determined 
[22]. The data assimilation technique has the purpose of using 
all information available todetermine the state of the 
atmosphere as accurately as possible.[5] 

3DVAR assimilation is one part of the data assimilation 
system varitional which aims to produce optimal estimates of 
the situation the actual atmosphere in a time analysis through 
an iterative solution fromcost function [11] as follows:  

           

          (4) 

𝐽𝑏 (𝑥) = first guess cost function (background) 

𝐽𝑜 (𝑥) = cost function observation 

𝑥        = expected analysis data 

𝑥𝑏     =  first guess data (background) 

𝑦       =  observation / observation data 

Y𝑜    =  observation in the grid model 

B      = background error covariance matrices 

E      = observation error covariance matrices 

F      = representivity error covariance matrices 

In 3DVAR assimilation, Verification of predicted results 
has an important role in the quality of the analysis produced. 
Second it determines to what extent the background will be 
corrected so according to observation.Verification of the 
predicted results of spatial rainfall distribution was also carried 
out using the BMKG daily rainfall category. The threshold 
used in accordance with the BMKG predetermined category is 
as follows: rain (> 1mm / day), light rain (> 20mm / day), 
heavy rain (> 50mm / day), and very heavy rain (> 100mm / 
day ) [21]. Comparison of performance values and the ability 
of both models in predicting rainfall distribution is analyzed 
through two indices, namely the POD and POFD values where 
the value of the prediction error average rainfall. 

III. RESEARCH METHOD 

a. Data 

The data used in the study consisted of : 

1. GFS data (Global Forecast System) resolution of 0.250 x 

0.250 with the initiation of February 14, 2018 at 00 until 

February 16, 2018 12 UTC 

2. GPS RO Refractivity data from February 14, 2018 at 00 to 

February 16, 2018 12 UTC which can be obtained from 

cosmic.ucar.edu as assimilation data 

3. Background Error (BE) data as model correction data on 

predictions that have been provided in the WRFDA 

application on the default BE option (CV3). 

4. Observation data from the Meteorological Station and 

rainfall posts representing the Jabodetabek area as verifier data 

per point. 

5. Satellite rainfall estimation data (GSMAP) with a resolution 

of 0.250 x 0.250 as a spatial verifier that occurs. 

6. Final Data Analysis (FNL) with a resolution of 1 ° x 1 ° on 

the date from February 14, 2018 at 00 UTC to February 16, 

2018 12 UTC obtained from rda.ucar.edu 

 

b. Research site 

The research location is between 104.59
0 

- 109.08
0
 BT and 

4.02
0 
- 8.48

0
 LS with the main focus of the research being the 

Jakarta area. 

 

c.    Research mind 

 

 

 

 

 

 

 

 

 

 

 

   

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Research Flow Diagram 

 

IV. SIMULATION AND RESULT 

 

a. Comparison and Verification of 24hour rain event 
Spatial verification is done by comparing the rainfall 

observation data of daily GSMAP accumulation with the 
results of the model resolution of 0.25

o
 x 0.25

o
. Verification of 

spatial model performance tests is carried out, namely the 
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forecast of rain dichotomy (yes / no rain) and forecast of rain 
using the threshold according to the daily rainfall category of 
BMKG. 
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Figure 3. (1.A) GsMAP data 14 February 2018 ; (1.B) No 
Assimilation ; (1.C) GPS RO Assimilation 

 

 

 

 

(2.A) 

 

 

 

 

 

 

 

 

 

  (2.B)                                                               (2.C) 

Fig. 4. (2.A) GsMAP data 15 February 2018 ; (2.B) No Assimilation ; (2.C) 
GPS RO Assimilation 
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     (3.B)                (3.C) 

 

 

Fig. 5. (3.A) GsMAP data 16 February 2018 ; (3.B) No Assimilation ; 
(3.C) GPS RO Assimilation 

 

Based on the subjective analysis of the outputs of the two 
models above, it is shown that there was a good improvement 
after assimilation. This can be seen from the distribution of 
patterns and similarities formed in the assimilation model with 
a fairly good degree of similarity when compared with GSMAP 
data. 

Furthermore, in order for the analysis to be more objective, 
some statistical indexes are calculated, namely POD, FAR, TS, 
BIAS, and POFD as a result of comparison between GsMAP 
observation data and model predictions. Based on the 
calculation of several indices, it is shown that the two models 
have different values and different fluctuations in showing the 
spatial distribution of rainfall. 

Based on index calculations on both models and trends for 
three days, the assimilation model was able to show 
consistency to have a POD and TS index value that was greater 
than the non-assimilation model. In addition to the BIAS, FAR, 
and POFD indices, the assimilation model has an index value 
smaller than the non-assimilation model. 

From all the results of the analysis of the distribution 
pattern of rain distribution that occurred during the four days of 
research subjectively and objectively through the calculation of 
several statistical indices, assimilation models have outputs that 
are closer to GSMAP observation data, although a little more 
overestimate for the amount of rainfall especially in Jakarta. 

 

b. Verification of spatial rainfall accumulation using the 
rainfall classification  
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Verification of the predicted results of spatial rainfall 
distribution was also carried out using the daily rainfall 
category. Comparison of performance values and the ability of 
both models in predicting rainfall distribution is analyzed 
through two indices, namely the POD and POFD values.  

POD (Probability of Detection) values is a calculation to 
measure the number of "yes" observations that are predicted 
correctly. This index shows the probability of events that can 
be detected by the model. High values are used for 
overforecasting events. The index value is between 0 and 1 
with the best value when POD is 1. 

POFD (Probability of False Detection) value is the 
possibility of many "yes" occurrences according to predictions 
but does not occur. The range of POFD values ranges from 0 to 
1. A value of 0 indicates a perfect value. 

The POD and POFD values for each rain category for the 
four days of the study are shown in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The accumulation of the average POD and POFD 
indexes of daily rainfall distribution according to the daily 

rainfall category of BMKG 

Both models are able to predict the occurrence for the first 
category correctly through the percentage of average POD 
reaching 66% with a prediction error rate of average rainfall 
(POFD) of 26.1%. Furthermore, for the light rain category, on 
average only around 59.2% of events can be predicted correctly 
and with an average percentage of 12.5% prediction errors. 

The ability to predict heavy rain correctly (hits) as a whole 
is only about 55 events and very thick only one incident. For 
heavy rain only around 13.5% and only 2.2% for very heavy 
rain. Overall, there was a decline in the quality of predictions 
quite dramatically, especially in the category of heavy rain and 
very heavy. 

But based on the consistency of the model's performance 
for four days for all of these categories, the assimilation model 
has a better level of consistency in predicting rain based on the 
above categories with the POD and POFD values better than 
the non-assimilation models. 

c. Verification of Model Performance at Observation Points 

Verification to see the ability of the model to produce the 
next prediction is through verification using observational data 
from the observation points in the Jakarta area which is the 
research area and its surroundings which cover Depok, Bogor, 
Tangerang, and Bekasi (Jabodetabek) areas. The analysis was 
carried out objectively through the standard deviation, 
correlation, and RMSE index plotted into the Taylor diagram. 

The results of the comparison between model output data 
and station observation data and rain observation post for 24 
hours daily rainfall show overall at all points for four days, 
from the values of the three indices, the non assimilation model 
has better performance than the assimilation model. This is 
indicated by the position of point A (as a non assimilation 
model) which has a distance closer to point O (observation) 
than the assimilation model (point B) on the Taylor diagram. 

Based on further analysis at each observation point, it was 
found that the non-assimilation model performed better, 
especially for the Rorotan region on the first day, Kemayoran 
and Curug on the second and third days. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Taylor's statistical index diagram model experiment 
and third-day rainfall observation of all observation points 

 

V. CONCLUSIONS 

 
From the results of the analysis carried out by comparing 

the results of the non-assimilation model with the assimilation 
model of the observation data in the case of rain events on 
February 14-16, 2018 in the Greater Jakarta area (Jabodetabek), 
the following conclusions were produced: 

1. In general, there is an increase in forecast accuracy after 
assimilating data from Jason. There was an improvement in the 
predictive results of the WRF model until the third day of the 
initial initiation time despite very significant improvements. 

2. Improving the prediction of the assimilation model for 
rain parameters is for spatial rainfall (using the BMKG rain 
category). Whereas for the rain at the observation point, based 
on the correlation index value and assimilation RMSE carried 
out did not give a positive influence on the results of the model. 
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