Supplementary R Code and Reproduction Instructions
Manuscript MH20260818034323  |  V13.1  |  Prepared 8 October 2026
This supplement provides the complete R source for the revised descriptive synthesis and nine figure exports. The accompanying Supplementary_Data_V13_1.xlsx contains the locked input data, recorded output tables and exact source-file payloads. Together these two files provide data and code without a ZIP archive.
Analysis and recorded execution
The supplied workflow uses 47 effect records, including 17 primary in vivo methane-yield records from seven experiments and five dependent clusters. The experiment table contains 33 experiments. The synthesis remains descriptive; no pooled national estimate, pooled confidence interval or pooled P value is produced.
The author executed V13.1 on 4 October 2026. The supplied run log records completion at 15:31:31.236891 Asia/Saigon, using R 4.4.3 under Windows 11. This document changes the distribution format only. The original R source and its comments are preserved, including a preparation-time comment that the patch had not yet been run at that time. The later run log at the end of this document records the completed author execution.
Run from the two supplementary files
1. Download this Word document and Supplementary_Data_V13_1.xlsx into the same local folder. Keep the downloaded workbook unchanged when reproducing the locked analysis.
2. In RStudio, create a new R script. Copy only the code under Restore original files from Excel into that script and run it. The block uses readxl, base64enc and digest to decode the workbook payloads and verify SHA-256 checksums. Missing packages are installed from CRAN.
3. The block creates a new V13_1_reproduced folder with a time suffix next to the workbook. It restores 38 original files, including all 16 input CSVs, 13 output CSVs, both original R scripts and run records. It does not replace the downloaded workbook or an existing reproduction folder.
4. Open install_packages.R in the restored folder and run it. Then open run_V13_1_descriptive_revision.R and select Source. If a file chooser appears, select data/effects.csv in that restored folder. Use Calibri where available, as configured in the source.
5. The workflow writes V13_1_R_outputs and exports Figures 1 to 6 and Figures S1 to S3 as PDF, PNG and TIFF. Those figure files are regenerated by R and are not embedded in the Excel workbook.
The restoration block reads the exact Source_Payload records rather than the formatted data worksheets. Spreadsheet edits therefore do not modify the locked data recovered by that block. The displayed output tables are recorded results and do not recalculate when workbook cells are edited.


Restore original files from Excel
restore_sources_from_excel.R
# Restore the locked original files from the Excel supplement.
# This block adds file import only; it does not change the analysis.
workbook_path <- "Supplementary_Data_V13_1.xlsx"
if (!file.exists(workbook_path)) {
  if (!interactive()) stop("Set workbook_path to the downloaded XLSX file.")
  workbook_path <- file.choose()
}
workbook_path <- normalizePath(workbook_path, mustWork = TRUE)
required <- c("readxl", "base64enc", "digest")
missing <- required[!vapply(required, requireNamespace,
                           logical(1), quietly = TRUE)]
if (length(missing)) {
  install.packages(missing, repos = "https://cloud.r-project.org")
}
payload <- readxl::read_excel(workbook_path, sheet = "Source_Payload",
                              col_types = "text")
manifest <- readxl::read_excel(workbook_path, sheet = "File_Index",
                               col_types = "text")
stopifnot(all(c("relative_path", "chunk_index", "encoding", "payload") %in%
              names(payload)))
stopifnot(all(c("relative_path", "bytes", "sha256") %in% names(manifest)))
stopifnot(!anyDuplicated(manifest$relative_path))
stopifnot(all(payload$encoding == "base64"))
stopifnot(setequal(unique(payload$relative_path), manifest$relative_path))
stamp <- format(Sys.time(), "%Y%m%d_%H%M%S")
target_dir <- file.path(dirname(workbook_path),
                        paste0("V13_1_reproduced_", stamp))
if (dir.exists(target_dir)) stop("Target folder already exists. Run again later.")

# Decode and verify all files before creating the restored folder.
verified <- vector("list", nrow(manifest))
for (i in seq_len(nrow(manifest))) {
  rel <- manifest$relative_path[i]
  if (grepl("^[/\\\\]", rel) || grepl("(^|/)\\.\\.(/|$)", rel) ||
      grepl(":", rel, fixed = TRUE)) stop("Unsafe relative filename: ", rel)
  rows <- payload[payload$relative_path == rel, , drop = FALSE]
  order_id <- as.integer(rows$chunk_index)
  if (anyNA(order_id) || anyDuplicated(order_id)) stop("Invalid chunk order: ", rel)
  if (!identical(sort(order_id), seq_len(nrow(rows)))) {
    stop("Missing chunk: ", rel)
  }
  encoded <- paste0(rows$payload[order(order_id)], collapse = "")
  raw_bytes <- base64enc::base64decode(encoded)
  actual_hash <- digest::digest(raw_bytes, algo = "sha256", serialize = FALSE)
  if (length(raw_bytes) != as.numeric(manifest$bytes[i]) ||
      actual_hash != manifest$sha256[i]) stop("Source checksum mismatch: ", rel)
  verified[[i]] <- raw_bytes
}
dir.create(target_dir, recursive = TRUE)
for (i in seq_len(nrow(manifest))) {
  destination <- file.path(target_dir, manifest$relative_path[i])
  dir.create(dirname(destination), recursive = TRUE, showWarnings = FALSE)
  writeBin(verified[[i]], destination)
}
message("Restored and verified ", nrow(manifest), " original files in: ", target_dir)
message("Open install_packages.R, then run_V13_1_descriptive_revision.R there.")
Install analysis packages
install_packages.R
# Chay mot lan de cai cac goi thieu; script phan tich khong tu cai mac dinh.
required_packages <- c("ggplot2", "patchwork", "maps", "ggrepel")
missing <- required_packages[!vapply(required_packages,requireNamespace,logical(1),quietly=TRUE)]
if (length(missing)) install.packages(missing,repos="https://cloud.r-project.org")
message("Kiem tra goi: ",paste(required_packages,collapse=", "))
Original analysis and figure source
run_V13_1_descriptive_revision.R
# ============================================================================
# AAVS MH20260818034323 - major revision V13.1 (figure fixes)
# Muc dich: kiem tra so lieu va ve lai hinh mo ta; KHONG chay lai pooled meta.
# Du lieu: 47 effect records khoa trong V12, 33 experiments, 22 families.
# Hai contrast product-intensity moi cua S028 duoc giu RIENG voi 47 effect IDs.
# V13 da chay tren may tac gia 03/10/2026; patch V13.1 CHUA chay o day.
# Sua Figure 2 legend, Figure 5 scale censoring, Figure 6 southern labels.
# ============================================================================

# 1. Cau hinh ---------------------------------------------------------------
INSTALL_MISSING_PACKAGES <- FALSE
BASE_FAMILY <- "Calibri"  # Font thong nhat cho hinh khoa hoc.
EXPORT_DPI <- 600
args <- commandArgs(trailingOnly = FALSE)
file_arg <- grep("^--file=", args, value = TRUE)
source_files <- vapply(sys.frames(), function(x) {
  if (is.null(x$ofile)) "" else as.character(x$ofile)[1L]
}, character(1))
if (length(file_arg)) {
  SCRIPT_DIR <- dirname(normalizePath(sub("^--file=", "", file_arg[1]), mustWork = TRUE))
} else if (any(nzchar(source_files))) {
  SCRIPT_DIR <- dirname(normalizePath(tail(source_files[nzchar(source_files)], 1), mustWork = TRUE))
} else {
  SCRIPT_DIR <- getwd()
}
# Tim ca thu muc cha neu script duoc dat trong thu muc con RV.
candidate_dirs <- unique(c(SCRIPT_DIR, dirname(SCRIPT_DIR), getwd()))
found <- candidate_dirs[file.exists(file.path(candidate_dirs, "data", "effects.csv"))]
if (length(found)) SCRIPT_DIR <- found[1]
if (!file.exists(file.path(SCRIPT_DIR, "data", "effects.csv"))) {
  if (interactive()) {
    message("Chon file effects.csv trong thu muc R_workflow/data.")
    SCRIPT_DIR <- dirname(dirname(file.choose()))
  } else stop("Khong tim thay data/effects.csv ben canh script.")
}
DATA_DIR <- file.path(SCRIPT_DIR, "data")
OUT_DIR <- file.path(SCRIPT_DIR, "V13_1_R_outputs")
FIG_DIR <- file.path(OUT_DIR, "figures")
dir.create(FIG_DIR, recursive = TRUE, showWarnings = FALSE)

# 2. Kiem tra goi; cai dat la mot thao tac rieng ------------------------------
packages <- c("ggplot2", "patchwork", "maps", "ggrepel")
missing <- packages[!vapply(packages, requireNamespace, logical(1), quietly = TRUE)]
if (length(missing) && INSTALL_MISSING_PACKAGES) {
  install.packages(missing, repos = "https://cloud.r-project.org")
}
missing <- packages[!vapply(packages, requireNamespace, logical(1), quietly = TRUE)]
if (length(missing)) stop("Can cai: ", paste(missing, collapse = ", "),
                         ". Chay install_packages.R, sau do chay lai script nay.")
library(ggplot2)

# 3. Nhap CSV va kiem tra nguon ---------------------------------------------
read_data <- function(name) {
  utils::read.csv(file.path(DATA_DIR, name), check.names = FALSE,
                  stringsAsFactors = FALSE, fileEncoding = "UTF-8-BOM",
                  na.strings = c("", "NA"))
}
required <- function(d, columns, label) {
  absent <- setdiff(columns, names(d))
  if (length(absent)) stop(label, " thieu cot: ", paste(absent, collapse = ", "))
}
save_csv <- function(d, name) {
  utils::write.csv(d, file.path(OUT_DIR, name), row.names = FALSE, na = "")
}
wrap <- function(x, width = 25) vapply(x, function(t) {
  paste(strwrap(as.character(t), width = width), collapse = "\n")
}, character(1))
effects <- read_data("effects.csv")
exps <- read_data("experiments.csv")
rob <- read_data("risk_of_bias.csv")
geo <- read_data("geography.csv")
prisma <- read_data("prisma.csv")
intensity <- read_data("S028_product_intensity.csv")
conversions <- read_data("variance_conversions.csv")
coverage <- read_data("comparator_coverage_sensitivity.csv")
required(effects, c("EFFECT_ID", "Treatment_Mean", "Control_Mean", "yi_lnRR",
                    "STUDY_ID", "EXPERIMENT_ID", "Primary_yield_record"), "effects")
required(exps, c("Experiment", "Study family", "Model", "Methane evidence class",
                 "Effect reconstructed"), "experiments")
required(rob, c("Experiment", "Model", "Overall RoB"), "risk_of_bias")
required(geo, c("Study family", "Model", "n", "Lat / lon", "Region",
                "Intervention groups", "Effect reconstructed"), "geography")
stopifnot(nrow(effects) == 47, !anyDuplicated(effects$EFFECT_ID),
          nrow(exps) == 33, !anyDuplicated(exps$Experiment),
          nrow(geo) == 22, !anyDuplicated(geo[["Study family"]]),
          nrow(rob) == 33, !anyDuplicated(rob$Experiment),
          all(effects$Treatment_Mean > 0), all(effects$Control_Mean > 0))
effects$RR_check <- effects$Treatment_Mean / effects$Control_Mean
effects$lnRR_check <- log(effects$RR_check)
effects$Percent_change_check <- 100 * (effects$RR_check - 1)
stopifnot(max(abs(effects$yi_lnRR - effects$lnRR_check)) < 1e-10)
primary <- effects[tolower(as.character(effects$Primary_yield_record)) == "true", ]
stopifnot(nrow(primary) == 17, length(unique(primary$STUDY_ID)) == 5,
          length(unique(primary$EXPERIMENT_ID)) == 7,
          all(primary$RR_check < 1))
counts <- as.data.frame(table(primary$STUDY_ID), stringsAsFactors = FALSE)
names(counts) <- c("Cluster", "Effects")
stopifnot(identical(as.integer(counts$Effects), c(3L, 3L, 2L, 3L, 6L)))
stopifnot(sum(exps[["Methane evidence class"]] == "Direct methane measurement") == 24,
          sum(exps$Model == "In vivo") == 16, sum(exps$Model == "In vitro") == 17,
          sum(rob[["Overall RoB"]] == "High" & rob$Model == "In vivo") == 6,
          sum(rob[["Overall RoB"]] == "High" & rob$Model == "In vitro") == 1)
stopifnot(215 - 78 - 2 == 135, 135 - 89 == 46, 46 - 3 == 43, 43 - 19 == 24)
stopifnot(nrow(conversions) == 4,
          all(abs(conversions[["SE T"]] - conversions[["SD T"]] / sqrt(conversions$n)) < 1e-12),
          all(abs(conversions[["SE C"]] - conversions[["SD C"]] / sqrt(conversions$n)) < 1e-12))
save_csv(effects, "effect_ratio_checks.csv")
save_csv(primary, "primary_17_yield_records.csv")
save_csv(counts, "primary_cluster_counts.csv")
save_csv(conversions, "SD_to_SE_conversion_audit.csv")
save_csv(coverage, "comparator_coverage_sensitivity.csv")
save_csv(data.frame(Set = c("All primary", "Excluding SD-derived S059"),
                    Effects = c(17, 15), Clusters = c(5, 4),
                    All_RR_below_1 = c(TRUE, all(primary$RR_check[primary$STUDY_ID != "S059"] < 1)),
                    Inference = "Direction only; no pooled estimate or P value"),
         "direction_only_conversion_sensitivity.csv")

# 4. Phong cach va xuat hinh -------------------------------------------------
pal <- c("Direct methane measurement" = "#007C83", "Modelled / estimated methane" = "#4667A0",
         "Contextual / no methane assay" = "#B4BAC1")
robpal <- c("Low" = "#42836B", "Some concerns" = "#D7A24B", "High" = "#B95756",
            "Not applicable" = "#D4D8DD")
theme_set(theme_bw(base_size = 11, base_family = BASE_FAMILY) +
            theme(panel.grid.minor = element_blank(), plot.title = element_text(face = "bold"),
                  plot.caption = element_text(hjust = 0, size = 9),
                  legend.position = "bottom", strip.background = element_rect(fill = "#EEF2F5"),
                  strip.text = element_text(face = "bold")))
export <- function(p, name, width, height) {
  if (!capabilities("cairo")) {
    stop("Can Cairo de xuat PDF voi Calibri. Kiem tra capabilities('cairo').")
  }
  pdf_device <- grDevices::cairo_pdf
  ggplot2::ggsave(file.path(FIG_DIR, paste0(name, ".pdf")), p,
                  width = width, height = height, units = "in", device = pdf_device,
                  bg = "white", limitsize = FALSE)
  ggplot2::ggsave(file.path(FIG_DIR, paste0(name, ".png")), p,
                  width = width, height = height, units = "in", dpi = EXPORT_DPI,
                  bg = "white", limitsize = FALSE)
  ggplot2::ggsave(file.path(FIG_DIR, paste0(name, ".tiff")), p,
                  width = width, height = height, units = "in", dpi = EXPORT_DPI,
                  compression = "lzw", bg = "white", limitsize = FALSE)
}

# Figure 1 PRISMA: so lieu goc, khong tao search-count moi --------------------
boxes <- data.frame(x = c(2, 4.7, 2, 4.7, 2, 4.7, 2, 4.7, 2),
                    y = c(9, 8, 7, 6.2, 5.4, 4.6, 3.8, 3, 2),
                    label = c("Records identified\nn = 215",
                              "Removed before screening\nDuplicates n = 78\nNon-bibliographic pages n = 2",
                              "Records screened\nn = 135", "Records excluded\nn = 89",
                              "Reports sought for retrieval\nn = 46", "Reports unavailable\nn = 3",
                              "Full-text reports assessed\nn = 43", "Full-text reports excluded\nn = 19",
                              "Included reports n = 24\nStudy families n = 22\nExperiments n = 33\nEffect-reconstructed experiments n = 11"))
segments <- data.frame(x = c(2,2,2,2,2,2,2,2), y = c(8.7,6.7,5.1,3.5,8.3,6.2,4.6,3),
                       xend = c(2,2,2,2,4,4,4,4), yend = c(7.35,5.75,4.15,2.6,8.3,6.2,4.6,3))
p1 <- ggplot() + geom_segment(data = segments, aes(x,y,xend=xend,yend=yend),
                              arrow = grid::arrow(length = grid::unit(.12,"in")), linewidth = .5) +
  geom_label(data = boxes, aes(x,y,label=label), size = 3.6, family = BASE_FAMILY,
             fill = "#F6F8FA", linewidth = .35, label.padding = grid::unit(.2,"lines")) +
  coord_cartesian(xlim=c(.5,6.4),ylim=c(.8,9.6),clip="off") + theme_void() +
  labs(title = "Identification and selection of Vietnamese evidence",
       caption = "Informative companion reports remain included but count once at family/experiment level.\nEffect reconstruction does not imply eligibility for pooled inference.") +
  theme(plot.title=element_text(face="bold",hjust=0), plot.caption=element_text(hjust=0,size=9),
        plot.margin=margin(15,20,15,20))
export(p1,"Figure_1_V13_PRISMA",10,8)

# Figure 2: moi diem = 1 experiment; khong gop effect IDs ---------------------
exps$Programme <- geo[["Intervention groups"]][match(exps[["Study family"]], geo[["Study family"]])]
stopifnot(!anyNA(exps$Programme))
exps$Reconstructed <- grepl("^Yes", exps[["Effect reconstructed"]])
exps$Experiment <- factor(exps$Experiment, levels=rev(exps$Experiment[order(exps$Model,exps$Programme,exps$Experiment)]))
p2 <- ggplot(exps,aes(Programme,Experiment)) +
  geom_point(aes(fill=`Methane evidence class`, colour=Reconstructed),shape=21,size=3.6,stroke=.8) +
  scale_fill_manual(values=pal,name="Methane evidence") +
  scale_colour_manual(values=c("FALSE"="#B8BEC5","TRUE"="black"),
                       labels=c("Map only","Effect reconstructed"),name="Reconstruction") +
  guides(fill=guide_legend(nrow=3,order=1),
         colour=guide_legend(nrow=1,order=2)) +
  scale_x_discrete(labels=function(x) wrap(x,18)) +
  facet_grid(Model~.,scales="free_y",space="free_y") +
  labs(x="Intervention programme",y=NULL,title="Evidence map of 33 experiments",
       caption="One marker per experiment. Direct assay includes gas-composition measurements used in emission calculations.\nBlack outlines denote numerical reconstruction, not eligibility for pooling.") +
  theme(axis.text.y=element_text(size=9),axis.text.x=element_text(size=9),
        legend.box="vertical",legend.box.just="left",
        legend.title=element_text(size=10),legend.text=element_text(size=9),
        plot.margin=margin(12,24,12,24))
export(p2,"Figure_2_V13_Evidence_Map",10,12)

# Figure 3: RR ticks tren truc log, khong phai lnRR ticks ---------------------
cluster_order <- c("S014","S128","S059","S129","S036")
labels <- c(S014="S014 | catfish oil | 3 dependent effects",
            S128="S128 | silage replacement | 3 dependent effects",
            S059="S059 | repeated-period CNSL | 2 dependent effects",
            S129="S129 | shared-goat Mimosa | 6 dependent effects",
            S036="S036 | coconut oil shared comparator | 3 dependent effects")
primary$Cluster_label <- factor(labels[primary$STUDY_ID],levels=unname(labels[cluster_order]))
primary$Contrast <- paste(primary$EFFECT_ID,primary$EXPERIMENT_ID,
                          primary$Treatment,"/",primary$Control)
is_cnsl <- primary$STUDY_ID == "S059"
primary$Contrast[is_cnsl] <- paste(primary$EFFECT_ID[is_cnsl],
                                  primary$EXPERIMENT_ID[is_cnsl],
                                  primary$Treatment[is_cnsl],"final CNSL / control period")
primary$Contrast <- factor(primary$Contrast,levels=rev(primary$Contrast))
p3 <- ggplot(primary,aes(RR_check,Contrast)) +
  geom_vline(xintercept=1,linetype=2,colour="#717982") +
  geom_point(size=2.8,colour="#007C83") +
  facet_grid(Cluster_label~.,scales="free_y",space="free_y") +
  scale_x_log10(breaks=c(.4,.5,.6,.7,.8,.9,1),limits=c(.35,1.07)) +
  labs(x="Response ratio (treatment / comparator)",y=NULL,
       title="Direct in vivo methane-yield comparisons",
       subtitle="RR values on a logarithmic axis; dashed line denotes no relative change",
       caption="Points within each cluster are dependent. All 17 are descriptive point estimates.\nNo confidence intervals, inverse-variance weights or pooled diamond are shown.") +
  theme(strip.text.y=element_text(angle=0,size=9),axis.text.y=element_text(size=9))
export(p3,"Figure_3_V13_In_Vivo_RR",11,9)

# Figure 4: matrix audit, khong dung pooled effects --------------------------
audit <- data.frame(Cluster=c("S014","S128","S059","S129","S036","S027","S053","S132","S028"),
 Biological_unit=c("4 animals\nLatin square","4 animals\nLatin square","Same 4 cattle\nrepeated periods","Same 4 goats\ntwo experiments","16 goats\n4 per arm","One pooled batch\n5 vessels per arm/time","4 cow donors\nkept separately","4 goat donors\nkept separately","24 cattle\n6 per factorial arm"),
 Displayed_effects=c("3 primary yield","3 primary yield","2 primary yield","6 primary yield","3 primary yield","4 at 48 h\n4 at 24 h","5 incubation","4 incubation","2 active yield\n2 product-intensity"),
 Dependence=c("Same animals\nshared reference","Same animals\nshared reference","Repeated periods\nand runs","Shared animals\nwithin/across experiments","Shared comparator","Technical vessels\nwithin one batch","Repeated donor\nshared comparator","Repeated donor\nshared comparator","Factorial active\ncomparators"),
 Covariance=c("Full block incomplete","Full block incomplete","Full block incomplete","Full block incomplete","Shared-control entries\nreconstructable","No independent\nbiological batches","Within-donor\ncorrelation unreported","Within-donor\ncorrelation unreported","Complete source-model\ncontrast uncertainty needed"),
 Final_role=c(rep("Descriptive\nin vivo",5),"Within-batch\ndescription","Donor-based\ndescription","Donor-based\ndescription","Active-arm\ndescription"),check.names=FALSE)
long <- do.call(rbind,lapply(names(audit)[-1],function(nm) {
  data.frame(Cluster=audit$Cluster,Field=gsub("_"," ",nm),Value=audit[[nm]])
}))
long$Cluster <- factor(long$Cluster,levels=rev(audit$Cluster))
long$Field <- factor(long$Field,levels=gsub("_"," ",names(audit)[-1]))
p4 <- ggplot(long,aes(Field,Cluster)) + geom_tile(fill="#EEF3F6",colour="white",linewidth=1) +
  geom_text(aes(label=Value),size=3.1,family=BASE_FAMILY,lineheight=1.1) +
  scale_x_discrete(position="top",labels=function(x)wrap(x,16)) + labs(x=NULL,y=NULL,title="Dependence and covariance audit",
    subtitle="All displayed contrasts remain descriptive in the revised synthesis",
    caption="Biological units differ from vessels, periods and effect records. Reconstructable covariance within one trial\ndoes not establish a national common intervention effect.") +
  theme(panel.grid=element_blank(),axis.ticks=element_blank(),axis.text.x=element_text(face="bold"))
export(p4,"Figure_4_V13_Dependence_Audit",12,8)
save_csv(audit,"dependence_display.csv")

# Figure 5: denominator applicable theo domain; in vivo = 6 High ------------
domains <- c("Sequence","Allocation","Unit independence","Carryover/period",
             "Measurement","Missing data","Selective reporting","Other bias")
required(rob,domains,"risk_of_bias")
rob_long <- do.call(rbind,lapply(domains,function(nm) {
  data.frame(Experiment=rob$Experiment,Domain=nm,Judgment=rob[[nm]])
}))
domain_counts <- do.call(rbind,lapply(domains,function(nm) {
  x <- rob[[nm]]; x <- x[x != "Not applicable"]
  cts <- table(factor(x,levels=c("Low","Some concerns","High")))
  data.frame(Domain=nm,Judgment=names(cts),n=as.integer(cts),Applicable=length(x),
             Percent=100*as.integer(cts)/length(x))
}))
domain_counts$Label <- paste0(domain_counts$Domain," (n = ",domain_counts$Applicable,")")
domain_counts$Label <- factor(domain_counts$Label,
                              levels=rev(unique(domain_counts$Label)))
domain_counts$Judgment <- factor(domain_counts$Judgment,levels=c("Low","Some concerns","High"))
p5a <- ggplot(domain_counts,aes(Percent,Label,fill=Judgment)) + geom_col(width=.72) +
  scale_fill_manual(values=robpal,drop=FALSE) +
  scale_x_continuous(breaks=seq(0,100,25),expand=expansion(mult=c(0,.015))) +
  coord_cartesian(xlim=c(0,100)) +
  labs(x="Percentage of applicable experiments",y=NULL,title="a  Domain judgments")
# Khong dat scale limits: cumulative stack co the vuot 100 rat nho do
# floating-point va bi loai mot segment. Kiem tra actual built layer.
stopifnot(all(abs(tapply(domain_counts$Percent,domain_counts$Domain,sum)-100)<1e-8))
built_domain <- ggplot_build(p5a)$data[[1]]
stopifnot(nrow(built_domain)==nrow(domain_counts),
          all(is.finite(built_domain$xmin)),all(is.finite(built_domain$xmax)))
measurement_label <- as.character(domain_counts$Label[domain_counts$Domain=="Measurement"][1])
measurement_y <- match(measurement_label,levels(domain_counts$Label))
measurement_segments <- built_domain[as.numeric(built_domain$y)==measurement_y,]
stopifnot(nrow(measurement_segments)==3L,
          max(measurement_segments$xmax)>99.999,
          min(measurement_segments$xmin)<1e-8)
save_csv(data.frame(Measurement_segment=seq_len(nrow(measurement_segments)),
                    xmin=measurement_segments$xmin,xmax=measurement_segments$xmax,
                    Graphic_segment_width=measurement_segments$xmax-measurement_segments$xmin),
         "Figure5_Measurement_built_segment_check.csv")
overall <- as.data.frame(table(Model=factor(rob$Model,levels=c("In vivo","In vitro")),
                               Judgment=factor(rob[["Overall RoB"]],levels=c("Low","Some concerns","High"))))
names(overall)[3] <- "n"
overall$Label <- ifelse(overall$Model=="In vivo","In vivo (n = 16)","In vitro (n = 17)")
p5b <- ggplot(overall,aes(n,Label,fill=Judgment)) + geom_col(width=.6) +
  geom_text(aes(label=ifelse(n>0,n,"")),position=position_stack(vjust=.5),size=4) +
  scale_fill_manual(values=robpal,drop=FALSE) +
  scale_x_continuous(breaks=c(0,4,8,12,16)) +
  labs(x="Experiment count",y=NULL,title="b  Overall risk of bias by model")
p5 <- patchwork::wrap_plots(p5a,p5b,ncol=1,heights=c(2.1,1),guides="collect") +
  patchwork::plot_annotation(title="Risk of bias across 33 experiments",
    caption="No experiment was Low overall. Some concerns in selective reporting reflects unavailable prospective outcome verification,\nnot demonstrated suppression. Not-applicable domain ratings are excluded from applicable denominators.")
export(p5,"Figure_5_V13_Risk_of_Bias",11,9)
save_csv(domain_counts,"RoB_domain_counts_and_denominators.csv")
save_csv(overall,"RoB_model_counts.csv")

# Figure 6: giu nguyen diem tham chieu goc; offsets chi de hien thi -----------------
latlon <- strsplit(geo[["Lat / lon"]],",",fixed=TRUE)
geo$Lat <- vapply(latlon,function(x) as.numeric(trimws(x[1])),numeric(1))
geo$Lon <- vapply(latlon,function(x) as.numeric(trimws(x[2])),numeric(1))
stopifnot(!anyNA(geo$Lat),!anyNA(geo$Lon))
geo$Lat_display <- geo$Lat; geo$Lon_display <- geo$Lon
for (location in unique(geo[["Map location"]])) {
  idx <- which(geo[["Map location"]]==location)
  if (length(idx)>1) {
    angle <- 2*pi*(seq_along(idx)-1)/length(idx)
    geo$Lat_display[idx] <- geo$Lat[idx] + .13*sin(angle)
    geo$Lon_display[idx] <- geo$Lon[idx] + .13*cos(angle)
  }
}
vn <- ggplot2::map_data("world",region="Vietnam")
modelpal <- c("In vivo"="#4667A0","In vitro"="#007C83","Mixed in vivo / in vitro"="#A67A44")
geo$Reconstructed <- grepl("^Yes",geo[["Effect reconstructed"]])
geo_non_south <- geo[geo$Region!="South",]
geo_south <- geo[geo$Region=="South",]
stopifnot(nrow(geo_south)==16L)
p6a <- ggplot() + geom_polygon(data=vn,aes(long,lat,group=group),fill="#F0F3F5",colour="#BCC4CA",linewidth=.25) +
  geom_point(data=geo,aes(Lon_display,Lat_display,size=n,fill=Model,colour=Reconstructed),shape=21,stroke=.6) +
  ggrepel::geom_text_repel(data=geo_non_south,aes(Lon_display,Lat_display,label=`Study family`),
                          size=2.7,seed=20261003,max.overlaps=Inf,min.segment.length=0,
                          box.padding=.15,point.padding=.12,family=BASE_FAMILY) +
  scale_fill_manual(values=modelpal,name="Model") + scale_size_area(max_size=6,name="Experiments") +
  scale_colour_manual(values=c("FALSE"="#9CA7B0","TRUE"="black"),guide="none") +
  coord_quickmap(xlim=c(102,110),ylim=c(8,24),expand=FALSE) +
  annotate("rect",xmin=104.3,xmax=109,ymin=9,ymax=12,
           fill=NA,colour="#697987",linetype=2,linewidth=.45) +
  guides(fill=guide_legend(nrow=2,order=1),size=guide_legend(nrow=1,order=2)) +
  labs(x="Longitude",y="Latitude",title="a  Vietnam overview",
       subtitle="Southern families are labelled in panel b") +
  theme(plot.title=element_text(size=11),plot.subtitle=element_text(size=9))
# South zoom: points keep stored reference coordinates + original display offsets.
# Label coordinates and leaders are separate and NEVER treated as farm GPS.
left_ids <- geo_south[["Study family"]][order(geo_south$Lon_display,
                         geo_south$Lat_display,geo_south[["Study family"]])][1:8]
geo_south$Label_side <- ifelse(geo_south[["Study family"]] %in% left_ids,"Left","Right")
geo_south$Label_x <- rep(NA_real_,nrow(geo_south))
geo_south$Label_y <- rep(NA_real_,nrow(geo_south))
for (side in c("Left","Right")) {
  idx <- which(geo_south$Label_side==side)
  idx <- idx[order(geo_south$Lat_display[idx],geo_south[["Study family"]][idx])]
  geo_south$Label_x[idx] <- if (side=="Left") 103.8 else 109.2
  geo_south$Label_y[idx] <- seq(8.9,12.4,length.out=length(idx))
}
p6zoom <- ggplot() +
  geom_polygon(data=vn,aes(long,lat,group=group),fill="#F0F3F5",colour="#BCC4CA",linewidth=.25) +
  geom_segment(data=geo_south,aes(x=Lon_display,y=Lat_display,
               xend=Label_x,yend=Label_y),colour="#8A969F",linewidth=.3) +
  geom_point(data=geo_south,aes(Lon_display,Lat_display,size=n,fill=Model,colour=Reconstructed),
             shape=21,stroke=.6) +
  geom_text(data=geo_south,aes(Label_x,Label_y,label=`Study family`,
              hjust=ifelse(Label_side=="Left",1,0)),size=3.1,family=BASE_FAMILY) +
  scale_fill_manual(values=modelpal,name="Model") +
  scale_size_area(max_size=6,name="Experiments") +
  scale_colour_manual(values=c("FALSE"="#9CA7B0","TRUE"="black"),guide="none") +
  guides(fill=guide_legend(nrow=2,order=1),size=guide_legend(nrow=1,order=2)) +
  coord_quickmap(xlim=c(103.1,110),ylim=c(8.5,12.8),expand=FALSE) +
  labs(x="Longitude",y="Latitude",title="b  Southern study families",
       subtitle="Leader lines connect labels to display points") +
  theme(plot.title=element_text(size=11),plot.subtitle=element_text(size=9))
region_counts <- data.frame(Region=c("North","Central","South"),Experiments=c(3,3,27))
region_counts$Region <- factor(region_counts$Region,levels=c("South","Central","North"))
p6b <- ggplot(region_counts,aes(Experiments,Region)) + geom_col(fill="#4667A0",width=.6) +
  geom_text(aes(label=Experiments),hjust=-.3,size=4) +
  scale_x_continuous(limits=c(0,31),breaks=c(0,10,20,30)) +
  labs(x="Included experiments",y=NULL,title="c  Regional research coverage") +
  theme(plot.title=element_text(size=11))
p6 <- patchwork::wrap_plots(p6a,
          patchwork::wrap_plots(p6zoom,p6b,ncol=1,heights=c(1.6,1)),
          nrow=1,widths=c(1,1.5),guides="collect") +
  patchwork::plot_annotation(title="Geographic coverage of 22 study families",
    caption="Points are approximate geographic references, not trial GPS; reference coordinates were obtained from Google Maps by the corresponding author. Panel b enlarges southern research coverage.\nStored reference points and display offsets are unchanged; leader labels have separate positions. Counts are not population or emission weights.") &
  theme(legend.position="bottom",legend.box="vertical",legend.text=element_text(size=9))
export(p6,"Figure_6_V13_Geography",13,11)
save_csv(geo,"geographic_coordinates_and_display_offsets.csv")
save_csv(geo_south,"southern_display_points_and_label_positions.csv")

# Supplementary Figure S1: S027 technical, S053/S132 donor-based --------------
vitro <- effects[effects$STUDY_ID %in% c("S027","S053","S132"),]
vitro$Group <- ifelse(vitro$STUDY_ID=="S027","S027 | one pooled batch, technical vessels",
                     ifelse(vitro$STUDY_ID=="S053","S053 | 4 separate cow donors","S132 | 4 separate goat donors"))
vitro$Label <- paste(vitro$EFFECT_ID,vitro$Treatment,vitro$Treatment_Timepoint)
vitro$Label <- factor(vitro$Label,levels=rev(vitro$Label))
ps1 <- ggplot(vitro,aes(RR_check,Label)) + geom_vline(xintercept=1,linetype=2) +
  geom_point(size=2.7,colour="#007C83") + facet_grid(Group~.,scales="free_y",space="free_y") +
  scale_x_log10(breaks=c(.7,.8,.9,1,1.1)) +
  labs(x="Response ratio (logarithmic axis)",y=NULL,title="In vitro point estimates by biological study",
       caption="S027 values describe one pooled batch; no donor-level inference. S053 and S132 are separate donor-based study clusters.\nNo confidence intervals or pooled diamond are shown.") +
  theme(strip.text.y=element_text(angle=0,size=9),axis.text.y=element_text(size=9))
export(ps1,"Figure_S1_V13_In_Vitro",11,9)

# Supplementary Figure S2: yield va product intensity rieng, khong them CI ----
yr <- effects[effects$STUDY_ID=="S028",]
pr <- read_data("S028_product_intensity_contrasts.csv")
s2 <- data.frame(Outcome=rep(c("Methane yield: CH4 / DMI","Product intensity: CH4 / live-weight gain"),each=2),
                 Oil=rep(c("1.5% cottonseed oil","3.0% cottonseed oil"),2),
                 RR=c(yr$RR_check,pr$RR))
ps2 <- ggplot(s2,aes(RR,Oil)) + geom_vline(xintercept=1,linetype=2) +
  geom_point(size=3,colour="#4667A0") + facet_wrap(~Outcome,ncol=1) +
  scale_x_log10(breaks=c(.85,.9,.95,1,1.05,1.1)) +
  labs(x="Response ratio: 0.5% / 0.3% tannin at a fixed oil level",y=NULL,
       title="S028 active-arm comparisons",
       caption="Descriptive points from one factorial experiment, without an untreated arm. Opposed directions are not an interaction test.\nThe earlier approximate confidence intervals are archived and are not reproduced here.")
export(ps2,"Figure_S2_V13_S028_Yield_and_Intensity",10,6)
save_csv(s2,"S028_yield_and_product_intensity_points.csv")

# Supplementary Figure S3: traffic light cho tung experiment ----------------
rob_long$Experiment <- factor(rob_long$Experiment,levels=rev(rob$Experiment))
rob_long$Domain <- factor(rob_long$Domain,levels=domains)
ps3 <- ggplot(rob_long,aes(Domain,Experiment,fill=Judgment)) +
  geom_tile(colour="white",linewidth=.5) + scale_fill_manual(values=robpal) +
  scale_x_discrete(labels=function(x) wrap(x,13),position="top") +
  labs(x=NULL,y=NULL,title="Experiment-level risk of bias") +
  theme(panel.grid=element_blank(),axis.ticks=element_blank(),axis.text.y=element_text(size=8.5),
        axis.text.x=element_text(size=9))
export(ps3,"Figure_S3_V13_RoB_Experiments",11,12)

# 5. Nhat ky va sessionInfo thuc te cua lan chay ------------------------------
log_lines <- c("V13.1 descriptive revision and figure fixes completed",paste("Date/time:",Sys.time()),
               "47 locked ratios checked; 17 primary in vivo records; 5 dependent clusters; 7 primary experiments",
               "No pooled model fitted; no pooled P value, CI, prediction interval or funnel test produced",
               "Original means and effect IDs were not overwritten",
               "Two new S028 intensity points remain separate from EFF001-EFF047",
               "Figure 5 built-layer segment checks passed before export",
               "Figure 2 legend rows and Figure 6 southern zoom updated",
               paste("Requested font:",BASE_FAMILY),
               "Figures must still be opened and visually reviewed before submission")
writeLines(log_lines,file.path(OUT_DIR,"RUN_LOG.txt"))
capture.output(sessionInfo(),file=file.path(OUT_DIR,"sessionInfo_V13_1.txt"))
writeLines(paste(packages,vapply(packages,function(p)as.character(utils::packageVersion(p)),character(1))),
            file.path(OUT_DIR,"package_versions.txt"))
message("Da xuat bang va 9 bo hinh (PDF/PNG/TIFF): ",normalizePath(OUT_DIR,winslash="/"))


Recorded V13 1 run information
RUN LOG
V13.1 descriptive revision and figure fixes completed
Date/time: 2026-10-04 15:31:31.236891
47 locked ratios checked; 17 primary in vivo records; 5 dependent clusters; 7 primary experiments
No pooled model fitted; no pooled P value, CI, prediction interval or funnel test produced
Original means and effect IDs were not overwritten
Two new S028 intensity points remain separate from EFF001-EFF047
Figure 5 built-layer segment checks passed before export
Figure 2 legend rows and Figure 6 southern zoom updated
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patchwork 1.3.2
maps 3.4.3
ggrepel 0.9.8
sessionInfo V13 1
R version 4.4.3 (2025-02-28 ucrt)
Platform: x86_64-w64-mingw32/x64
Running under: Windows 11 x64 (build 26300)

Matrix products: default


locale:
[1] LC_COLLATE=English_United States.utf8  LC_CTYPE=English_United States.utf8    LC_MONETARY=English_United States.utf8
[4] LC_NUMERIC=C                           LC_TIME=English_United States.utf8    

time zone: Asia/Saigon
tzcode source: internal

attached base packages:
[1] stats     graphics  grDevices utils     datasets  methods   base     

other attached packages:
[1] ggplot2_4.0.3

loaded via a namespace (and not attached):
 [1] vctrs_0.7.3        patchwork_1.3.2    cli_3.6.6          rlang_1.2.0        ggrepel_0.9.8      generics_0.1.4     textshaping_1.0.5 
 [8] S7_0.2.2           glue_1.8.1         labeling_0.4.3     ragg_1.5.2         scales_1.4.0       grid_4.4.3         tibble_3.3.1      
[15] lifecycle_1.0.5    compiler_4.4.3     dplyr_1.2.1        RColorBrewer_1.1-3 Rcpp_1.1.1         pkgconfig_2.0.3    rstudioapi_0.19.0 
[22] maps_3.4.3         systemfonts_1.3.2  farver_2.1.2       R6_2.6.1           tidyselect_1.2.1   pillar_1.11.1      magrittr_2.0.5    
[29] tools_4.4.3        withr_3.0.3        gtable_0.3.6      
MH20260818034323  |  1
