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and has a large impact on the water cycle (Rost et al., 2008). Consequently, simulations
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1330

|
®
S




Page: 1331

T|Author: Reviewer Subject: Comment on Text  Date: 18.02.2015 17:42:49

gActuaIIy, the mentioned studies more concentrate on biomass accumulation rather than "food
production”...

E.g. corn often is used for feeding or for the production of bio-energy instead of being directly used as
food.
Please be more careful with the terminology.

x|Author: Reviewer Subject: Cross-Out  Date: 18.02.2015 17:42:49

20

25

1l

present and future supply—demand relationship. To date, many studies have estimated
food production (Fischer et al., 2000; Tan and Shibasaki, 2003; Stekicsiet al., 2007)
and agriculture water demand (Déll et al., 2002 Hamasaki et al., 2008; Rockstrzm !
et al., 2009; Siebert and Doll, 2009;-Pgrrel et al., 2011). Those studies estimated food
production and aaricutarar water demand with numerical models using meteorological
forcing-&aia and land surface parameters. A crop calendar (CC) is an essential input
datum to estimate food production and agricultural water demand accurately with those
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hydrological models. CCs define the date or month whes-{grmers piant and-rarvestin
cropland_There zxe—iree major approaches to develop CC data sets: a-census-based
methed, modeling ST

tegrating agricultural census data provided by Intermat: =
such as the Food and Agriculture Organization (FAO) and US€ Oivs
ture (USDA). The census-based CC products are represented by NiRCA2000
mann et al., 2010; Monthly Irrigated and Rain-fed Crop Areas around the year
and Sacks et al. (2010). The census-based products have anas
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of the census-based products is limited because of the sampling scheme (Portmann
et al., 2010). Because only one CC is defined in-an, administrative unit for each crop,
the differences of CCs within the same administrative unit are notceasidered.

he i irg-m ates, EStising crop growtiTis
els. The neteorological and agsgultural forcing
data such as temperature, solar radiation, and soil Tiisture. Especially, ac&us
temperature is widely used to indicate erep-growing-stage:-Hanasaki et al. (2008}
timated global CC, for several crops using the soil and water intégrated model (SWIM
Krysnova et al., 2000). The crop growth models have ar advantage oraccurate crop-
growth simulation with, well-calibrated parameters. However, # is difficult to~salibrate
parameterspropetly in areas where observation data are insufficient. Additionally, tse
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present and future supply—demand relationship. To date, many studies have estimated g
food production (Fischer et al., 2000; Tan and Shibasaki, 2003; Stehfest et al., 2007) 2 AESSY
and agriculture water demand (Déll et al., 2002; Hanasaki et al., 2008; Rockstrom g Aoy
et al., 2009; Siebert and Déll, 2009; Pokrel et al., 2011). Those studies estimated food S 7 Y, =
production and agricultural water demand with numerical models using meteorological _§ S e ——
forcing data and land surface parameters. A crop calendar (CC) is an essentig¥input % An g£dmatior/of a
datum to estimate food production and agricultural water demand accurately y/th those higzi-resolutisn crop
hydrological models. CCs define the date or month when farmers plant azd harvest-in calenday/usipg
cropland. There are three major approaches to develop CC data sets: zcensus-based 2 fatellite-s#nsgd NDVI
methed, modeling-methed, and satellite-based-methed. g

The first-approach,-the census-based method; estimates CGzby collecting and iz~ &/ S KolsU/i Ad K. Tanaka
tegrating agricultural census data provided by international g#d national organiz4tizns %
such as the Food and Agriculture Organization (FAO) ang”US Department 2" Agficul- § '_

mann et al., 2010; Monthly Irrigated and Rain-fed Cfop Areas aroupd the vy
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he-second-approach;the-mddeling-metbs-generates CC uging/crop growth m
els. These models simulate’crop growth with meteorological
data such as temperatuy€, solar radizfion, and soil moisture,
temperature is widely“Used to indiCate erop-grewing-stage.’H4nasaki
timated global CC, for several zfops using the soil and wate/ integra
Krysnova et al., 2000). Thzcrop growth models have an advantage of accyrate crop-
growth simulation with, Well-calibrated parameters. However, i# is difficult to-calibrate
parameters-propetly in areas where observation data are insufficient. Additionally, the
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2 Data and methods

This section describes the methods g produce SACRA according to gata processing
scheme (Fig. 1). SACRA is produced from four different data sets: time series of NDVI,
land cover data, reanalysis temperature, and monthly agricultural data (Table 1). We
identify planting and harvesting dates (¢, and ) using two CC parameters (nNDVI,,
and nNDVI,,) and a time series of NDVI data (Fig. 2a). The planting and harvesting
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~ While this may somehow be true, it again is not sufficiently described. NDVI correlates with the
accumulation and decomposition of chlorophyll pigments as well as with the accumulation and
decomposition of leaf cell tissue. Vegetation or crop "growth", as you put it, is more than that. Growth
for example includes the accumulation of biomass, the progress of phenological stages, the formation of
yield etc., which cannot be detected by the NDVI alone. I therefore would be careful with the assumption
that NDVI acquired over crop land represents crop growth...

Fe-vegetation inde are simple, graphic indicators t= ertie targeting
area contains live, green vegetation or not. lnt5is—study,-we-:se-NBVi-defined-by-the
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composite NDVI provided by SPOT-Vegetation (Maisongrande et al., 2004). To remove
the effect of clouds, the best index slope extraction (BISE) method (Viovy et al., 1992) is
applied to the time series of NDVI (Fig. 3a). We use the time series of NDVI averaged
over three years (2004-2006). Hereafter, this averaged NDVI is indicated by SPOT-
NDVI in this manuscript.
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2.1.2 Agagregation and normalization of NDVI
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1. If GLCC and Ecoclimap agree on the class "cropland” then "NDVI-Crop is averaged from three years of

2.If GLCC and Ecoclimap disagree but one of them says "cropland" then NDVI-Filled is averaged from
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Ourmethed-needstimeseries e NPV which-represen e e -
Two NDVI data sets (NDVI-Crop and NDVI-Filled; 5min resolution) are aggregated
from original SPOT-NDVI (1 km resolution) using two land-cover data sets: global land

Ecoclimap data are provided by the US Geological Survey and Meteo France, W high-resolution crop
calendar using

grids where both the GLCC and Ecoclimap denote the-cropland. If & satellite-sensed NDVI
NDVI-Filled are not determined, only NDVI-Filled is generated by ayz g
NDV! grids where the GLCC or Ecoclimap denotes the croplgzd. The NDVI-Crog'is 2 S. Kotsuki and K. Tanaka
used to identify the two CC parameters (Sect. 2.3). The NDV %
the global CC in Sect. 2.4. 8
tation-index-and-twe-CC-parameters: These two . - -
crop type. We apply the same CC parameters
(t = tg), however, differs depending on cl ?? - -
fore, NDVI data are normalized to h S - -
@,
NDVI(t) — NDVlp,s S
NDVI(f) = ——————;

" ® NDVI,, - NDVly,4 § TR T
NDVlpgs = Mmax(NDVlpp, ADViparam)s (4) « - -
where nNDVI reprzsents normalized NDVI. The subsgzipts btm and bas denote bottom = - -
and base, reggéctively. We have 36 NDVI data pey’year from 10day composite data &' _
of the SPOF-NDVI. The NDVI,, and NDVly, are/determined in the following manner: é
first, thz“number of cultivations is determined 0 be equal to the number of peaks of g _
NDVI up to twice per year. If NDVI at peak is less than 0.40, the peak is not counted _
as cultivation. Second, the minimum NDVI between the peaks are determined to be §
the NDVly,. If the number of cultivations is once in a year, the NDVIy,,, equals the
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Ahh ok, it is written on the next page that param is a threshold value of 0.1. However, it would be good
to point this our right next to equation 3.
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Large areas of the globe are suitable for triple cropping (e.g. see Zabel et al. (2014) PLoS ONE 9).
Why are they neglected in your study? It should at least be discussed.
It equally would be interesting, if you have analyzed the global patterns of multiple harvests per year

resulting from your approach. By comparing this with potential maps, such as the one by Zabel et al.
2014, the degree of cropping intensity could be assessed.
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Filled.

2.2 Typical crop and cropping pattern The other crops may still be typical for the location, although they are not cultivated on large areas....
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This is a major drawback, because sowing dates of winter crops largely affect the yield potential.
_ Although I understand that the derivation of sowing dates is not possbile with the proposed approach,

information on sowing dates of winter crops would be very important for improving yield estimations of
winter crops. This should be highlighted in the discussion section.
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2.4 SACRA and SACRA-fill

1 (1L

2
parameter Sect. 2.3). Our me%iod has the advantage of cagfuring the cultivation
season preperly using time z€ries of the satellite-sensed NDVI. However, our algorithm
has the possibility of zverestimating or underestimating cultivation periods. Therefore,
we adjusted the, cUltivation period of SACRA to that of MIRCA2000. For the summer
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3.1 Comparison with MIRCA2000

The difference in planting dates of a-typieal-erop, Oetween SACRA and MIRCA2000
is shown in Fig. 6a. MIRCA2000 has one crop calendar in the same administrative
unit. As SACRA can have several crop calendars in the same administrative unit, an
averaged crop calendar is used for comparison. If the typical crop has no crop calen-
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Arizona and Uzbekistan.

3.2 Advantages and disadvantages of SACRA

This subsection discusses the advantages and disadvantages of SAC%
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Table 1. CharazteTistics and sources of the four i tz({Sed to develop SACRA-

Data Characteristic, and [{olution Sourz
NDVI 10days composite/1 km/averaged  SPOT-Vegetation

over 20042006 /ge
Land cover 30s (~ 1km) GLCC and Ecoclimap,
Monthly 5min (~ 10 km);rop classification MIRCA2000 (Portmann
agricultural data  map and crop calendar etal., 2010)

Temperature 0.5 °/averaged over 2004-2006 Hirabayashi et al. (2008)
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What "judgement” is meant here? Since the SACRA algorithm only is applied on regions that have
already been identified as cropland from census-based data, here no discrimiation between managed
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Figure 1 is not entirely clear:

The numbers inside the boxes indicate the sections of the paper, where the different processing steps
are described.

The numbers outside of the boxes indicate the spatial resolution of the respective data sets.

This should be explicitly mentioned in the caption.
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Figure 2. Schematig of identification of planting and harvesting dates in this study. Planting
and harvesting dates (#, and t,) are identified together with a vegetation index time series and
two crop calendar (CC) parameters: nNDVI,, and nNDVI,,,. Figures (a) and (b) indicate summer
and winter crops, respectively. The two CC parameters are defined for each crop type.
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Figure 4. Global distribution of (a) a typieaj Crop, {(b) cropping pattern, #nd (c) minimum
monthly-averaged temperature ("C) during cultivation period of the typieat ¢rop. The cropping
pattern is a combination of cultivation times and summer/winter crop discrimination. SngSum-
mer, SngWinter, and DbISummer in (b) represent single summer crop, single winter crop, and
double summer crop, respectively. DblWinter represents double cropping with summer and
winter crops.
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~ Did you chose this subset for a reason? Are the differences between SACRA and MIRCA2000 especially
visible in South Asia or are Figs. a-2 and b-2 just an arbitrary example to highlight the higher spatial

variability in the SACRA results?
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Figure 5. Planting dates of (2 SACRA and (b) MIRCA2000 (unit: day of year).
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Figure 6. (a) Difference in planting month of the typical crop between MIRCA2000 and SACRA,
and (b) cultivation seasons of the two products in nine regions (from b-1 to b-9; Arizona in the
United States, Uzbekistan, Mongolia, Greece, Tanzania, Benin, Algeria, Shandong in China,
and Amazonas in Brazil). Lower panels in (b) compare the cultivation periods of SACRA (ma-
genta bands) and MIRCA2000 (blue bands). Upper panels in (b) show time series of NDVI
(black line) and a histogram of the planting month of SACRA (magenta bars).
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" Figure (a) only shows positive values. The shown differences therefore must be absolute differences.
However, the direction of the deviation would be interesting. Is SACRA signalling earlier or later sowing
dates compared to MIRCA2000? How are the results compare to the agroecological potential.? Do
farmers sow/harvest early or late compared to the agroecological optimum?





