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Reaction to the interactive comment by Anonymous Referee #1  

We would like to thank this referee for his/her interesting comments and suggestions that contributed 
to improve our paper and to clarify specific points. Hereby we present the authors reply (AC) to the 
referee’s comments (RC). 

 

Overview 

RC: The paper describes the potential for seasonal ensemble hydrological and drought forecasting 
over the Limpopo River basin in southern Africa. Three methods were applied to provide the seasonal 
meteorological forecasts that were used to force the PCR-GLOBWB hydrological model at a 
0.05×0.05 degree spatial resolution and a daily time step. A historical simulation was carried out 
(1979-2010) using meteorological forcings from ERA-Interim that has a horizontal resolution of 0.7 
degrees that were biased corrected using GPCP v2.1 monthly climatological data provided at a 
2.5×2.5 degree resolution. This reference run was used to provide the hydrological initial conditions at 
each forecast time. Ensembles of seasonal forecast were made based on the ECMWF S4 system (15 
ensemble based hindcasts), the Ensemble Streamflow Prediction (ESP) method and ESP conditioned 
on the ENSO index. Forecast skill is measured using standard skill metrics (ROC, BS). 

Overall the underlying work is solidly carried out and the results informative as they show for the 
Limpopo basin that dynamical seasonal forecasting offers the most skill in predicting seasonal drought 
metrics (SPI, SRI), followed by ESP conditioned on ENSO. As expected, shorter lead times and 
smaller regions show less skill. The biggest shortcomings in the paper is that important, but practical, 
details are omitted, and, in general, the written English is sufficiently weak to make the paper difficult 
to read – incorrect verb tenses, conditional phrases in the middle of sentences (and not off-set by 
commas), split infinitives, etc. As for missing details, most are identified in the specific comments 
below but the following seems fundamental in helping readers understand the study. 

1. There is a scale difference between the meteorological forcings (and forecasts) and the 
hydrological model. Were the forcings downscaled in time or space? If so, how was this done? If 
not, what are the consequences of this for both the study and for practical implementation? 

AC: The forcings (and forecasts) are not downscaled in time as these are provided with a daily 
time step, which is the temporal resolution of the hydrological model. Regarding space, the 
ERA-Interim data for the 32-year period from 1979 to 2010, corrected using the GPCP v2.1 
dataset are converted to the same spatial resolution as the continental-scale version 
hydrological model. ERAI is archived on an irregular grid (reduced Gaussian) with an 
approximate resolution of 0.7° over the domain. The data is downscaled from the ERAI grid to 
the original 0.5˚ hydrological model grid using bilinear interpolation and assumed to be constant 
over the 0.5˚ grid cell. No further downscaling of the meteorological forcings was carried out. 
We have added this description in P9969, L9 to clarify.  

2. The description of the weightings for the ESP_cond ensemble generation is poorly described.  

AC: This description was extended to clarify, and formulas on the computation of weights and 
probabilities were added. 

3. The number of ensembles for the ECMWF_S4 hindcasts is 15 – is that how many were used in the 
FS_S4 runs (never well stated)? For ESP 30 ensembles were “created”. Can the authors comment 
on the effect of the reduced S4 ensemble size on the study results? I think that if the paper is 
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augmented with additional information that can help the reader understand the details of the study, 
and be properly edited for English to make is more readable, then it is very appropriate for HESS 
and can be a valuable contribution to the seasonal forecasting literature. 

AC: For the FS_S4 runs we used 15 ensemble members and for the FS_ESP (and 
FS_ESPcond) we used 30. For the FS_S4 we are limited by the number of ensemble 
members of the ECMWF_S4 hindcast. We made some trials to use randomly 15 ensemble 
members for the FS_ESP, in order to have the same number of ensemble members than for 
the FS_S4. The reduction in skill was very small. Other studies also show that the increase of 
the skill is not significative after 15 ensemble members (e.g (Weigel et al., 2007)). Moreover, 
as our purpose is not to compare in general the skill of the FS_S4 to that of the FS_ESP, but 
to assess the skill of these two seasonal forecasts in the Limpopo with the information 
available, we understood that there was no reason to reduce the number of ensemble 
members of the FS_ESP. However, we understand the limitations and recognize that the 
smaller ensemble size can be detrimental for FS_S4, when compared with FS_ESP.  
 
The manuscript was edited for English.  

Specific Comments 

RC: P9963: There are statements in the introduction that require (or should be supported) by more 
references. As an example: “Climate change studies show evidence of an intensification of the global 
water cycle (Huntington, 2006), where extreme events including floods and droughts are expected to 
become more frequent.” Given the recent focus on the issue of historical and projected changes in 
floods and droughts, only citing the paper of Huntington seems a little brief. Also the statement 
(P9963/L 8-10) that seasonal forecasting hasn’t been applied widely in drought predictions fails to 
recognize that NCEP has a drought monitoring (multi-model) system as well as a seasonal 
hydrological forecasting system running at EMC, and the NMME is widely focused on seasonal 
prediction of meteorological drought (as a programmatic focus of the NMME experiment). So the 
introduction needs to more reflective of what’s really happening, and to cite the paper that are 
reporting this work. 

AC: We agree with the reviewer. The statement of intensification of the water cycles was 
supported with further literature (e.g. (IPCC, 2007; Hansen et al., 2012; Trenberth, 2012; 
Coumou and Rahmstorf, 2012). Regarding the sentence in P9963/L8-10 we added the word 
"as" before widely and we restructured the sentence to emphasize that operational predictions 
of streamflow are more commonly used for floods than for droughts. We have also added a 
description of available drought monitoring and forecasting systems in the introduction 
following the sentence in P9963/L8-10:  

There are several Drought Early Warning Systems (DEWS) currently in existence in the world, 
though due to the complexity of drought these are arguably less developed than many flood 
early warning systems. Grasso (2009) reports that only three institutions provide information 
on the occurrence of major droughts at the global scale; FAO’s Global Information and Early 
Warning System on Food and Agriculture (GIEWS), the Humanitarian Early Warning Service 
(HEWS) operated by the World Food Programme (WFP), and the Benfield Hazard Research 
Centre at University College London. 

In the United States the U.S. Drought Monitor (http://droughtmonitor.unl.edu/) was set up in 
collaboration between the US Department of Agriculture (USDA), NOAA, the Climate 
Prediction Centre, and the University of Nebraska. It provides insight to current drought 
conditions and impacts at the national and state level through an interactive map, presenting 
multiple drought indicators combined with field information and expert input. It also includes 6- 
to 10 day outlooks and monthly and seasonal forecasts of precipitation, temperature, soil 
moisture and streamflow. The National Weather Service's National Center for Environmental 
Prediction's (NCEP) also has a (multi-model) drought monitoring system, as well as a 
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seasonal hydrological forecasting system running at the Environmental Modeling Center (Ek 
et al., 2010). Additionally, the North American Multi-Model Ensemble (NMME), which became 
an experimental real-time system in August 2011, is mainly focused on seasonal prediction of 
meteorological drought (Kirtman et al., 2013). 

In Europe the European Commission Joint Research Centre (JRC) has established the 
European Drought Observatory (EDO, http://edo.jrc.ec.europa.eu/), which includes an 
interactive map viewer with drought-relevant information. It includes real-time maps of different 
drought indicators, including the Standardized Precipitation Index (SPI), snow and soil 
moisture anomaly, and vegetation productivity anomaly. These indicators are combined in an 
overall indicator that is used to provide warnings and alerts. A one week forecast of the 
expected soil moisture anomaly is also provided. The Beijing Climate Center (BCC) of the 
China Meteorological Administration (CMA) similarly monitors the development of drought 
across China, with maps on current drought conditions being updated daily on their website. 

The FEWS Net for Eastern Africa, Afghanistan, and Central America reports on current famine 
conditions, including droughts, by providing monthly bulletins that are accessible on the FEWS 
Net webpage. However, a drought forecast is not provided. Other drought warning systems 
over Africa include the Botswana national early warning system (EWS) for drought (Morgan, 
1985) and the Regional Integrated Multi-Hazard Early Warning System for Africa and Asia 
(RIMES). In the latter a drought early warning system is being adapted to identify climate and 
water supply trends in order to detect the probability and potential severity of drought (RIMES, 
2014). 

Advances regarding drought early warning systems in Africa in the last few years are 
remarkable. There is an increasing availability of drought monitoring and forecasting tools for 
decision making that can provide real time monitoring and forecasting of drought across the 
continent. The Land Surface Hydrology Group at Princeton University, USA, has recently 
established an African Flood and Drought Monitor (http://stream.princeton.edu/) with support 
from the International Hydrology Program of UNESCO. The system provides near real time 
monitoring of land surface hydrological conditions based on the Variable Infiltration Capacity 
(VIC) model. The monitor is updated every day at 2 days behind real time. The database 
provides the daily conditions of precipitation, temperature, wind speed, soil moisture, 
evaporation, radiation, and different components of runoff in the continent, as well as historic 
hydrological records in Eastern, Southern and Western sub-regions up to 10 antecedent 
years, and derived products such as current drought conditions. They also provide 
precipitation, temperature and SPI forecast (Sheffield et al., 2014). Recently Barbosa et al. 
(2013) developed a Pan-African map viewer for drought within the framework of the 
DEWFORA project, following the main features of the earlier developed EDO. The African 
Drought Observatory (ADO) is a web application hosted by JRC 
(http://edo.jrc.ec.europa.eu/ado/ado.html) that provides historical and near-real time 
monitoring information, as well as seasonal forecasts describing meteorological, agricultural 
and hydrological droughts (Barbosa et al., 2013). 

RC: P9968/L18. Are the dates correct? September 2009 to December 2010? Should this be 1979-
2010? 

AC: Yes, the dates are correct. This sentence explains how we corrected the precipitation 
during the period that is not covered by the GPCP v2.1, given that GPCP v2.1 stops in 
September 2009. 

RC: P9966/L10 “It is, however, unreliable, causing frequent droughts and floods also commonly occur 
in the rainy season.” Awkward sentence. Restructure the English 

AC: This sentence was restructured to: "Moreover, rainfall is highly variable causing frequent 
droughts, though floods can also occur during the rainy season." 
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RC: P9970/L1 Additional information of when/how the ECMWF ensemble forecasts are generated, 
would help the readers. Are they all generated at the beginning of the month, or are they distributed 
throughout the month? As used, are they monthly averaged Tmax, Tmin and total precipitation, or 
daily forecasts out to 6 months? If hindcasts that were used are monthly mean forecasts, how do you 
downscale to a daily time step for the hydrological modeling? Or spatially downscale to the fine 
resolution of the hydrological model? If the ESP (ESP_cond) forecasts use 30 ensemble members, 
how many does the S4 procedure use given that the ECMWF hindcasts have only 15 members? 

AC: The S4 ensemble seasonal forecasts are initialised on the 1st of each month and the 
ensemble is generated by perturbations in the initial conditions and by the use of stochastic 
physics in the atmosphere during the model integration (out to 6 months lead time) (Molteni et 
al., 2011). Precipitation inputs to the hydrological model are accumulated from the 6-hourly S4 
model values, while evaporation was calculated using the daily maximum and minimum 
temperatures directly archived by the meteorological model.This was added in the text to 
clarify. They are used with a daily time step to force the hydrological model to forecast daily 
hydrological variables for the following six months. The daily time series outputs are then 
aggregated to monthly time series. As explained before, the meteorological forcings were not 
downscaled between the 0.5˚ and 0.05˚ grid cells, but assumed to be constant over the 0.5˚ 
grid cell. The FS_S4 system uses 15 ensemble members as it is limited by the ECMWF 
hindcast (see answer above). 

RC: P9971/L18-19: By “multi-annual mean of precipitation” I assume you are referring to the 
precipitation climatology in both the base data set and hindcast data set. Using “climatological” 
distribution is more standard terminology.  

AC: "multi-annual mean" was changed for "climatological long term mean" as suggested.  

RC: P9971/L25-26. Are the problems with the ECMWF hindcasts/forecasts related to “other problems 
of the forecasts such as inter-annual variability, ensemble spread or daily variability” discussed? They 
need to be. 

AC: We mentioned these problems as generic problems of any coupled atmosphere-ocean 
model (true for forecast ranges from medium-to-seasonal and also in climate projections). This 
is mentioned to highlight that we only performed a very simple bias correction that corrected 
the climatological long term mean, and does not address any further problems of the 
atmospheric forecasts. A detailed discussion of this would require the use of in-situ 
observations of precipitation and we think that such work is out of the scope of the current 
study. 

We changed the sentence: “It does not address other problems of the forecasts such as inter-
annual variability, ensemble spread or daily variability” to: 

“It does not address other problems of the forecasts, common to all coupled atmosphere-
ocean models, such as inter-annual variability, ensemble spread or daily variability”  

RC: P9973. Section 2.2.3 is not well written. The procedures for determining the weights must be 
clarified. For example, the equations for the parameters ï ˛An and ˇ α need to be provided. On what 
basis were their values determined? Given the values, what are the weight assigned to the sorted 
years adjacent to the current year’s ONI? Basically as written, readers will find it difficult to fully 
understand what was done in the study. Also, given a record of 30 years to generate a 30 member 
ensemble (by sampling with replacement) on average how many duplicate years occurred on 
average? 

AC: This section was extended. Equations for the parameters are now provided. In the text, 
we already explain that "For the FS_ESPcond we chose to keep the parameters constant (λ = 
2 and α =1) given that the optimal selection of parameters would vary for each sub-basin. 
Performing an in-depth selection of parameters for each sub basin is out of the scope of this 
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study. Here we use λ = 2 and α =1, meaning that all ensemble members have a non-zero 
probability of being included in the ensemble, with that probability based on the distance 
between the ENSO indexes and the distance sensitive weighting parameter (linear for λ = 2)".  

The number of duplicate years that occur on average on the ensemble depends on the 
probability assigned to each ensemble member based on the ONI indexes, which will vary for 
each forecast start date. 

RC: Section 2.3.3. The uncertainty in the skill scores are computed by a bootstrap method where the 
ensembles are resampled (with replacement). This implies that you’d never get an ensemble member 
different than one already forecast (or in the case of ESP) previously observed meteorology. What is 
the impact of this on the uncertainty estimates? For ESP this could be assessed by using a longer 
data set than 30 years but only generating a 30 member ensemble. 

AC: The reviewer is right. A limitation of this bootstrap procedure is that statistics computed 
from discrete bootstrap samples may differ from the ones based on continuous data, and this 
might lead to overestimation of the confidence. Although there are some limitations, this 
method is widely used in the literature (e.g. (Dutra et al., 2014; Friederichs and Thorarinsdottir, 
2012; Wilks, 2011)) to estimate confidence intervals as it does not require a distributional 
assumption. For ESP, we do not have a longer data set than 30 years as we used the ERA-
Interim in the period 1979-2010 as observed meteorology. An explanation of these limitations 
was added in the manuscript.  

RC: P9976/L20. The “root stress” isn’t defined, so readers won’t know how this drought metric has 
been computed. 

AC: The "root stress" (RS) is an indicator of the available (or the lack of) soil moisture in the 
root zone, which can be calculated for each grid cell. The RS varies from 0 to 1, where 0 
indicates that the soil water availability in the root zone is at field capacity and 1 indicates that 
the soil water availability in the root zone is zero and the plant is under maximum water stress. 
This explanation was added in the manuscript.  

RC: P9978/L1-2. Please explain more clearly the difference between “The mean runoff season and 
high runoff season”. 

AC: Instead of "mean", it should have said "main". This was corrected. By "main runoff 
season" we meant the season from December to May, which is the season with highest runoff. 
The "high runoff season" is the four months period, January to April, where the runoff is the 
highest during the year. These periods are presented in the new Figure 4 (see answer to 
reviewer #2). 

P9978/L15+ I’m somewhat confused by how the forecast system is being evaluated. Earlier (pg 9977) 
there is a discussion that the reservoir level provides a decision metric as to curtailing irrigation so that 
would be the target for the ROCS and BS forecast metrics 

AC: The forecast system is evaluated for SRI. However, as we also want to analyse the ability 
of the system to forecast distributed variables (RS for agricultural droughts) and water levels in 
the reservoirs (for irrigation curtailments), we also evaluated the skill of the forecast system in 
predicting these variables. We added an explanation on the manuscript in a new section 2.3.3 
to clarify.  

(P9977/L17-18). On P9978/L15 it appears that river flows (SRI) and not reservoir levels will be the 
variable to be used in assessing the forecast system. 

AC: Please see reply to previous comment.  

RC: P9980/L19. It appears (from the wording) that the water level analysis assumes a virtual reservoir 
in each grid, which makes no sense. But figures 8 and 9 seem to indicate there are a number of 
reservoirs across the basin (the circles). If these are reservoirs, then it would be useful to indicate 
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them on figure 2, where only Tzaneen dam is shown. The description of the reservoir forecast analysis 
needs to be clarified and written more clearly. The general discussion of reservoirs and some 
reference to the Tzaneen dam makes the section confusing and rather weak. 

AC: These are actual reservoirs. As suggested, their location was added in Fig. 2. Moreover, 
we clarified the description of the reservoir forecast analysis and removed specific references 
to the Tzaneen dam.   

RC: P9981/L27, P9982/L1-2 Figure 10 should also show the “verification” data (i.e. the simulated 
reference discharge that is your surrogate for the observed streamflow) that actually occurred during 
the forecast period.) 

AC: Yes, actually the "verification" data is shown in the graph as "observed". This was 
explained and modified to clarify. 

RC: P9982/L12. I think the weak response described here should be attributed to atmospheric noise” 
and not to “different climate forcings”. 

AC: This point was not clear. There is not a weak response here, as there was actually no 
drought condition in 1997/98 and the S4 system correctly forecasted this. This sentence aims 
to explain that S4 could capture other climate predictors besides the SST. If our forecast was 
based on SST alone, 1997/98 would have been forecasted as a severe drought. This point 
was clarified in the manuscript.  

RC: P9984/L26-28. Sentence as written is rather awkward. Perhaps “Maps of spatially distributed 
ROCS and BSS show, throughout the basin, skill higher than climatology (ROCS> 0.5, BSS> 0) for the 
FS_S4 forecast that agricultural droughts and water levels will to be lower than the 50 and 37.5 
percentiles.” 

AC: This sentence was modified to clarify: "The FS_S4 was also evaluated regarding its ability 
to predict agricultural droughts and curtailments in irrigation (water levels lower than the 50th 
and 37.5th percentiles). Maps of spatially distributed ROCS and BSS show that the skill of the 
FS_S4 forecast in predicting these conditions is higher than climatology (ROCS > 0.5, BSS > 
0) throughout the basin." 

RC: P9985/L11 Sentence “It is recommended that as a next step the forecast skill of the FS_S4 and 
FS_ESPcond is assessed in an actual forecasting mode for the following summer season.” Poor 
English; wrong verb tense. Try “As a next step, it is recommended that the forecast skill of the FS_S4 
and FS_ESPcond be assessed in an actual forecasting mode for the following summer season.” 

AC: This was modified as suggested.  

RC: P9985/L14. What kind of data assimilation. What would be the source of the information? 

AC: Examples could be: water levels in reservoirs and steams from data collected in the basin 
by water managers. This was added in the text and the idea was expanded: "As a next step, it 
is recommended that the forecast skill of the FS_S4 and FS_ESPcond be assessed in an 
actual forecasting mode for a following summer season. The seasonal meteorological forecast 
from S4 can be obtained in real-time for research purposes. To test a pre-operational system, 
the forecasting system ought to be statistically post-processed in order to remove biases in 
streamflow predictions. Moreover, the initial conditions for the forecasts could be better 
estimated through data assimilation of water levels in reservoirs and steams. This data could 
be obtained from the water managers of the basin."  

RC: P9984/L13, L15. On line 13 it is suggested that S4 can be obtained in real-time, yet in line 15 it is 
stated that a limitation to S4 is its access. So is the earlier statement speculation? If so these 
sentences need to be edited for clarity for what is and is not available. 

AC: We agree that this is confusing. ECMWF S4 is not publically available. It is produced 
operationally in real-time but only available to the ECMWF member-states and other 
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institutions (public/private) with formal agreements. For research purposes, like this study, the 
re-forecasts may be acquired on request. When the purpose is to build an operational system, 
then the organization responsible for providing the operational drought forecasts should 
discuss with ECMWF member-states the terms and conditions for the access and use of the 
forecasts. This is one of the reasons why the simple FS_ESPcond could sound attractive, as 
there is no restriction in terms of data availability. This was clarified in the manuscript. 
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